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OFFICERS 

OF    THE 

AMERICAN   SOCIETY   OF   MECHANICAL 

ENGINEERS, 

1894-1895, 

FORMING    THE    STATUTORY   COUNCIL. 


PRESIDEI^T. 

E.  F.  C.  Davis  * ; .  .Richmond,  Va. 

VICE-PRESIDENTS. 

C.  E.  Billings Hartford,  Conn. 

Percival  Roberts,  Jr Pencoyd,  Pa. 

H.  J.  Small Sacramento,  Cal. 

Terms  expire  at  Annual  Meeting  of  1895. 

F.  H.  Ball New  York  City. 

Jesse  M.  Smith Detroit,  Mich. 

M.   L.   HoLMAN St.  Louis,  Mo. 

Terms  expire  at  Annual  Meeting  of  1896. 

MANAGERS.    . 

Chas.  H.  Man^;inq    .  .Manchester,  N.  H, 

C.  W.  PusEY Wilmington,  Del. 

John  Thompson New  York  City. 

Terms  expire  at  Annual  Meeting  of  1895. 

John  B.  Herreshoff Bristol,  R.  I. 

L.  B.  Miller  Elizabeth,  N.  J. 

W.  S.  Russel Detroit,  Mich. 

Terms  expire  at  Annual  Meeting  of  1896. 

John  C.  Kafer ' New  York  City. 

Chas.  A.  Bauer .Springfield,  0. 

Arthur  C.  Walworth Boston,  Mass. 

Terms  expire  at  Annual  Meeting  of  1897. 

TREASURER. 
Wm.  H.  Wiley No.  53  East  10th  St.,  New  York  City. 

SECRETARY. 

Prof.  F.  R.  Hutton No.  12  West  31st  St..  New  York  City. 

*  Mr.  E.  F.  C.  Davis  died  August  6,  1895. 


HONORARY  COUNCILLORS. 

Past  Presidents  of  the  Society. 


R.  H.  Thurston 1880—1882 Ithaca,  N.  Y. 

E,  D.  Leavitt 1882—1883 Cambridgeport,  Mass. 

John  E.   Sweet 1883—1884 Syracuse,  N.  Y. 

J.  F.  UoLLOWAY 1884—1885 New  York  City. 

CoLEMA-K  Sellers 1885 — 1886. Philadelphia,  Pa. 

Horace  See 1887—1888 New  York  City. 

Rexry  R.  Towne 1888—1889 Stamford,  Conn. 

Oberlin'  Smith 1889—1890 Bridgeton,  N.  J. 

Robert  W.  Hunt 1890—1891 Chicago,  111. 

Charles  H.  Lorino 1891—1893 Brooklyn,  N.  Y. 

[Note.— The  former  Presidenta  of  the  Society  are  memberB  of  the  Council  for  life  or  during 
their  retention  of  actire  membership  in  the  Society.] 


PAST    OFFICERS. 

(Executive.) 

R.  H.  THrRSTON President April  7th,  1880— Nov.  3d,  1882. 

E.  D.  Leavitt,  Jr "         Nov.  3d,  1882— Nov.  3d,  1883. 

John  E.  Sweet "         Nov.  3d,  1883— Nov.  7th,  1884. 

J.  F.  Hollo  WAY "         Nov.  7th,  1884— Nov.  18th,  1885. 

CoLEMAX  Sellers "         Nov.  13th,  1885— Dec.  2d,  1886. 

Geo.   H.  Babcock  - "         Dec.  2d,  1886— Dec.  1st,  1887. 

Horace  See "         Dec.  1st,  1887— Oct.  18th,  1888. 

Henry  R.  Towne "        Oct.  18th,  1888— Nov.  22d,  1889. 

Oberlin  Smith "         Nov.  22d,  1889— Nov.  14th,  1890. 

ROBT.  W.  Hunt "         Nov.  14th,  1890— Nov.  20th,  1891. 

Chas.  H.  Loring "         Nov.  19th,  1891— Nov.  29th,  1892. 

EckleyB.  CoxEf "         Nov.  29th.  1892— Dec.  4th,  1894. 

Lycurgus  B.  Moore Treasurer April  7th,  1880— Dec.  2d,  1881. 

"     Acting-Sec'y. .  .  April  7th,  1880— Nov.  4th,  1880. 

Thos.  Whiteside  Rxe.X  Secretary/ Nov.  4th,  1880— March  1st,  1883. 

Chas.  \V.   Copela^d^.  .  Treasurer Dec.  2d,  1881— Nov.  7th,  1884. 


MEMBERS    OF    PREVIOUS    COUXCILS. 

VICE-PRESIDENTS. 

Henry  R.  Worthington,  ||  Coleman  Sellers,  Eckley  B.  CoxE.f  Q.  A. 
Gillmore,  Wm.  H.  Shock,  Alex.  L.  Holley,*[  F.  A.  Pratt,  W.  P.  Trow- 
bridge.** E.  D.  Leavitt,  Jr.,  Chas.  E.  Emery,  John  Fritz,  Henry  Morton, 
\Vm.  Metcalf,  S.  B.  Whiting,  A.  B.  Couch,  W.  R.  Eckhart,  J.  V.  Merrick, 
Charles  W.  Copeland,§  Olin  Landreth,  Henry  R.  Towne,  C.  H.  Loring, 
Horace  See.  Allan  Stirling.  Jos.  Morgan,  Jr.,  C.  T.  Porter,  Horace  S. 
Smith,  W.  S.  G.  Baker,  H.  G.  Morris,  C.  J.  H.  Woodbury,  Thos.  J.  Borden, 
Wm.  Kent.  Chas.  B.  Richards,  Joel  Sharp,  Geo.  W.  W^eeks,  De  Volson 
Wood,  S.  W.  Baldwin,  John  F.  Pankhurst,  Alexander  Gordon,  Geo.  I. 
Alden,  E.  F.  C.  Davis  Irving  M.  Scott,  C.  W.  Hunt,  Thos.  R.  Pickering, 
and  Edwtx  Reynolds. 

MANAGERS 

W.  P.  Trowbridge,**  T.  N.  Ely,  J.  C.  Hoadley,!!  Washington  Jones, 
Wm.  B.  Cogswell,  F.  A.  Pratt,  Chas.  B.  Richards.  S.  B.  Whiting,  J.  F.  Hol- 
loway,  Geo.  W.  Fisher,  Allan  Stirling,  Geo.  H.  Babcock,  S.  W.  Robinson, 
Jno.  E.  Sweet,  R  W.  Hunt,  Chas.  T.  Porter,  C.  J.  H.  Woodbury.  W.  F. 
Durfee,  Oberlin  Smith,  C.  C.  Worthington,  Wm.  Lee  Church.  Wm. 
Hewitt,  C.  H.  Morgan,  H.  A.  Hill,  Wm.  Kent,  S.  T.  Wellman,  F.  G. 
Coggin,  J.  T.  Hawkins,  T.  R.  Morgan,  Sr.,  S.  W.  Baldwin,  Fred  k  Grin 
NELL,  Morris  Sellers,  Frank  H.  Ball,  Geo.  M.  Bond,  Wm.  Forsyth,  Jas. 
E.  Denton,  Carleton  W.  Nason,  H.  H  Westtnghouse,  Andrew  Fletcher, 
WoRCF.STER  R.  Warner,  Coleman  Sellers,  Jr.,  Jas.  M.  Dodge,  Robt.  For- 
syth, and  Jesse  M.  Smith. 


*  Died,  Dec.  16,  1893.  t  Died,  May  13,  1895.  t  Died,  May  27,  1893. 

§  Died!  Feb.  7,  1895.  II  Died,  Dec.  17,  1880.  1  Died,  Jan.  29,  1882. 

**  Died,  Aug.  12,  1892.  tt  Died,  Oct.  21,  1886. 


NOTE. 

The  considerable  bulk  of  the  annual  volume  of  Transactions  has  induced  the 
Publication  rommittee  to  direct  that  the  full  list  of  members  of  the  Society 
should  be  omitted  from  the  preliminary  matter  therein.  The  list  which  would 
have  been  published  here  is  that  which  was  corrected  up  to  July,  1895,  and  was 
issued  as  a  j^econd  edition  of  the  {Sixteenth  Catalogue.  The  following  summary 
records  the  number  of  members  in  each  grade  : 

Honorary  Members , 17 

Members 1,365 

Associate  Members 86 

Junior  Members 275 

Total  Membership 1,743 

Ufe  Members* 62 

•  The*-e  Life  Membere  are  included  in  the  total  membership  above,  in  the  class  to  which 
thej  belong. 


RULES   OF   THE   AMERICAN   SOCIETY   OP 
MECHANICAL    ENGINEERS. 


Akt.  1.  The  objects  of  the  American  Society  of  Mechanical 
Engineers  are  to  promote  the  Arts  and  Sciences  connected  with 
Engineering  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  and  discussion  of  profes- 
sional papers,  and  to  circulate,  by  means  of  publication  among 
its  members,  the  information  thus  obtaiaed. 

Art.  2.  All  persons  connected  with  engineering  may  be  eli- 
gible for  admission  into  the  Society. 

Art.  3.  The  Society  shall  consist  of  Honorary  Members, 
Members,  Associates,  and  Juniors. 

Art.  4.  Honorary  Members,  not  exceeding  twenty-five  in 
number,  may  be  elected.  They  must  be  persons  of  acknowl- 
edged professional  eminence. 

Art.  5.  To  be  eligible  as  a  Member,  the  candidate  must  be 
not  less  than  thirty  years  of  age,  and  must  have  been  so 
connected  with  engineering  as  to  be  competent  as  a  designer 
or  as  a  constructor,  or  to  take  responsible  charge  of  work  in 
his  department,  or  he  must  have  served  as  a  teacher  of  engineer- 
ing for  more  than  five  years. 

XoTE. — The  Rules  of  the  Society,  adopted  in  1880.  were  in  force  until  1884, 
when  they  received  a  general  revision  by  a  careful  committee,  whose  report,  dis- 
tributed by  letter  ballot,  was  adopted  November  o,  1884.  In  December,  1894, 
a  similar  extensive  revision  was  made  under  direction  of  the  Council,  and  the 
present  rules  are  those  of  1894.  They  include  the  amendments  made  in  1889, 
1891,  and  1893,  which  were  the  only  changes  since  the  revision  of  1884. 
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Art.  6.  To  be  eligible  as  an  Associate,  the  candidate  must 
be  not  less  than  twenty-six  years  of  age,  and  must  have  the  other 
ijualitications  of  a  member  ;  or  he  shall  have  been  so  connected 
with  engineering  as  to  be  competent  to  take  charge  of  work, 
and  to  cooperate  with  engineers. 

Art.  7.  To  be  eligible  as  a  Junior,  the  candidate  must  have 
liad  such  engineering  experience  as  will  enable  him  to  fill 
a  responsible  position,  or  he  must  be  a  graduate  of  an  engineer- 
ing school. 

Art.  8.  All  Honorary  Members,  Members,  and  Associates 
shall  be  equally  entitled  to  the  privileges  of  membership.  Jun- 
iors shall  not  be  entitled  to  vote,  nor  to  be  officers  of  the 
Society. 

Art.  9.  Nominees  for  Honorary  Membership  must  be  pro- 
posed by  at  least  five  Members  who  are  not  officers  of  the 
Society.  References  shall  not  be  required  of  a  nominee  for 
Honorary  Membership,  but  the  grounds  upon  which  the  appli- 
cation is  made  must  be  fully  set  forth  in  writing  and  signed  by 
the  proposers. 

Art.  10.  A  candidate  for  admission  to  the  Society,  as  a 
Member  or  as  an  Associate,  must  make  an  application  on  a  form 
to  be  prepared  by  the  Council,  which  shall  contain  a  written 
statement  giving  a  complete  account  of  his  engineering  ex- 
perience and  an  agreement  that  he  will,  if  elected,  conform 
to  the  laws,  rules,  and  requirements  of  the  Society.  He  must 
refer  to  at  least  five  Members  or  Associates  personally  known 
to  liim.  A  candidatri  for  admission  to  the  Society  as  a  Junior 
muBt  make  an  application  on  the  same  form  and  refer  to  not 
less  tlian  three  Members  or  Associates  personally  known  to 
him. 

Art.  11.  The  referees  for  each  candidate  for  admission  to 
the  Society  shall  be  requested  to  make  a  confidential  communi- 
cation on  a  form  to  V>e  prepared  by  the  Council,  setting  forth  in 
detail  such  information,  personally  known  by  the  referee,  as 
sliall  enable  the  Council  to  arrive  at  a  proper  estimate  of  the 
eligibility  of  the  candidate  for  admission  to  the  Society.  Such 
c^iutidential  communications  shall  be  destroyed  by  the  Secretary 
as  soon  as  the  vote  has  been  officially  declared. 

Art.  12.  All  applications  for  membership  must  be  presented 
to  the  Council,  and  this  body  shall  consider  each  application, 
assigning  to  each,  with   the   applicant's   consent,  the  grade  in 
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the  Society  to  which,  in  its  opinion,  his  qualifications  entitle 
liim.  The  names  of  those  candidates  recommended  for  election 
by  the  Society  shall  be  immediately  printed  on  a  ballot,  and  the 
ballot  mailed  at  once  by  the  Secretary  to  each  yoting  member 
of  the  Society.  Persons  desiring  to  change  their  grade  of 
membership  from  junior  to  associate  or  from  associate  to 
member  shall  make  an  application  in  the  same  manner  and  on 
the  same  form  as  that  required  for  a  new  applicant. 

Art.  13.  A  member  entitled  to  yote  may  leaye  the  name  of 
any  candidate  on  the  ballot  untouched  to  yote  in  fayor  of  the 
admission  of  the  candidate  to  the  Society,  or  he  may  erase  the 
name  to  yote  against  it.  He  shall  enclose  the  ballot  so 
approyed  by  him  in  a  sealed  blank  enyelope,  and  enclose  this 
enyelope  in  a  second  enyelope,  on  which  he  shall  write  his 
name,  and  mail  the  same  to  the  Secretary  of  the  Society.  A  bal- 
lot without  such  endorsement  shall  be  rejected  as  defective. 
The  rejection  of  a  candidate  by  seven  voters  shall  defeat  his 
election. 

Art.  14.  The  aforesaid  envelopes  containing  the  ballots  shall 
be  opened  by  the  Council,  at  any  meeting  thereof,  and  the  names 
of  those  elected  shall  be  announced  in  the  next  meeting  of  the 
Society.  The  names  of  applicants  not  elected  shall  not  be  an- 
nounced, nor  recorded  in  the  proceedings. 

Art.  15.  Endorsers  of  any  applicant  not  elected  may,  within 
three  months  after  such  failure  to  be  elected,  lay  before  the 
Council  written  evidence  that  an  error  was  then  made.  The 
Council  may  then,  by  a  three-fourths  vote,  order  another  similar 
ballot  by  the  Society,  in  which  case  thirteen  negative  votes  shall 
be  required  to  defeat  the  candidate. 

Art.  16.  Honorary  members  shall  be  elected  by  the  unani- 
mous vote  of  the  Council,  through  a  letter  ballot,  not  less  than 
sixty  days  subsequent  to  the  proposal,  a  notice  of  which  pro- 
posed election  shall  have  been  mailed  at  once  by  the  Secretary 
to  each  member  of  the  CounciL 

Art.  17.  Each  person  elected,  excepting  honorary  members, 
must  subscribe  to  the  Eules  of  the  Society,  and  pay  the  initia- 
tion fee  before  he  can  receive  a  certificate  entitling  him  to  the 
rights  and  privileges  of  the  Society,  and  to  wear  the  emblem 
appropriate  to  his  grade.  If  this  payment  is  not  made  within 
six  months  of  the  election,  the  same  shall  be  void,  unless  the 
time  is  extended  by  the  CounciL     The  emblems  of  each  grade 
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of  membership  shall  be  worn  by  those  only  who  belong  to  that 
graile. 

Art.  18.  The  initiation  fee  of  a  member  or  an  associate  shall 
be  twenty-five  dollars,  and  the  annual  dues  shall  be  fifteen  dol- 
lars, payable  in  advance.  The  initiation  fee  of  a  junior  shall  be 
fifteen  dollars,  and  his  annual  dues  ten  dollars,  payable  in  ad- 
vance. A  junior  being  promoted  to  any  other  grade  of  member- 
ship shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any 
member  or  associate  may  become  a  Life  Member  in  the  same 
grade,  by  the  payment  of  two  hundred  dollars  at  one  time,  and 
shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by 
unanimous  vote,  through  a  letter  ballot,  to  admit  to  life  member- 
ship, without  the  payment  of  the  sum  above  named,  such  person 
as  for  a  long  term  of  years  has  been  a  member  or  an  associate. 
when  such  a  procedure  would  in  its  judgment  be  for  the  best 
interests  of  the  Society  ;  provided  that  notice  of  such  action  shall 
have  been  given  at  a  previous  meeting  of  the  Council. 

Art.  19.  Any  member  of  the  Society  in  arrears  may,  at  the 
discretion  of  the  Council,  be  deprived  of  th6  publications  of  the 
Society,  or,  when  in  arrears  for  one  year,  he  may  be  stricken 
from  the  list  of  members.  Such  person  may  be  restored  to  the 
privileges  of  membership  by  the  Council  on  payment  of  all 
arrears. 

Art.  20.  The  afi'airs  of  the  Society  shall  be  managed  by  a 
Council,  consisting  of  a  President,  six  Vice-Presidents,  nine 
Managers,  and  a  Treasurer,  who  shall  also  be  the  Trustees  of 
the  Society. 

All  past  <ex)  Presidents  of  the  Society,  while  they  retain 
their  membership  therein,  shall  be  known  as  Honorary  Coun- 
cilloi-s,  and  shall  be  entithid  to  receive  notices  of  all  meetings  of 
the  Council  and  may  take  part  in  any  of  its  deliberations  ;  they 
shall  be  entitled  to  vote  upon  all  questions  except  such  as  affect 
the  legal  rights  or  obligations  of  the  Society  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Society  at  the  annual 
meetings,  and  shall  liold  officr;  as  follows : 

The  Presidf-nt  and  tin;  Treasunir  for  one  year  ;  and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall 
have  held  that  office  for  two  consecutive  years ;  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years ;  and  no 
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Yice-Presiclent  or  Manager  shall  be  eligible  for  immediate  re- 
election to  the  same  office  at  the  expiration  of  the  term  for  which 
he  was  elected. 

Art.  22.  A  Secretary,  who  shall  be  a  member  of  the  Society, 
shall  be  appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as 
soon  thereafter  as  the  votes  of  a  majority  of  the  members  of  the 
Council  can  be  secured  for  a  candidate.  The  Secretary  may  be 
removed  by  a  vote  of  twelve  members  of  the  Council,  at  any 
time  after  one  month's  notice  has  been  given  him  by  a  majority 
of  its  members  to  show  cause  why  he  should  not  be  removed, 
and  he  has  been  heard  to  that  effect.  The  Secretary  may  take 
part  in  any  of  the  deliberations  of  the  Council,  but  shall  not 
have  a  vote  therein.  His  salary  shall  be  fixed  for  the  time  he 
is  appointed  by  a  majority  vote  of  the  Council. 

Art.  23.  At  each  annual  meeting,  a  President,  three  Vice- 
Presidents,  three  Managers  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  of  each  shall  continue  until  the  end  of  the 
meeting  at  which  their  successors  are  elected. 

Art.  24.  The  duties  of  all  officers  shall  be  such  as  usually 
pertain  to  their  offices  or  may  be  delegated  to  them  by  the 
Council  or  by  the  Society.  The  Council  may,  in  its  discretion, 
require  bonds  to  be  given  by  the  Treasurer. 

Art.  25.  The  Council  may,  by .  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure 
for  one  year,  from  inability  or  otherwise,  to  attend  the  Council 
meetings,  or  to  perform  the  duties  of  his  office.  All  such  va- 
cancies and  those  occurring  by  death  or  resignation  shall  be 
filled  by  the  appointment  of  the  Council,  and  any  person  so  ap- 
pointed shall  hold  office  for  the  remainder  of  the  term  for  which 
his  predecessor  was  elected  or  appointed ;  provided  that  the 
said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Art.  26.  Five  members  of  the  Council  shall  constitute  a 
quorum.  Members  of  the  Council  absent  from  a  meeting  may 
vote  by  letter  upon  subjects  stated  in  the  call  for  the  meeting, 
said  vote  to  be  deposited  with  the  Secretary. 

Art.  27.  The  President  on  assuming  office  shall  appoint  a 
Finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  members  each.  The  appointment  of  two 
members  of  each  Committee   shall  expire   at  the  end  of  each 
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year.  The  Secretary  shall,  (W  qfljcio,  he  a  member  of  all  three 
committees. 

Art.  28.  The  Finance  Committee  shall  have  power  to  order 
all  ordinary  or  current  expenditures,  and  shall  audit  all  bills 
therefor.  No  bill  shall  be  paid  except  upon  their  audit.  When 
special  appropriations  are  ordered  by  the  Society,  they  shall 
not  take  effect  until  they  have  been  referred  to  the  Council  and 
Finance  Committee  in  conference. 

Art.  29.  It  shall  ba  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  and  to  decide  upon  which  papers 
or  parts  of  the  same  shall  be  presented  at  the  professional 
meetin^^s  of  the  Society.  They  shall  see  that  all  editorial  revi- 
sions of  the  proceedings,  papers,  discussions,  and  reports  are 
made  ;  and  to  decide  what  parts  of  the  same  shall  be  published 
in  the  proceedings  of  the  Society,  The  Council  may  at  its  dis- 
cretion revise  any  action  of  the  Publication  Committee. 

Art.  30.  It  shall  be  the  duty  of  the  Library  Committee  to  take 
charge  of  the  collection  of  all  material  for  the  Library  of  the 
Society,  and  to  supervise  all  regulations  for  its  use. 

Art.  31.  At  the  regular  meeting  preceding  the  annual  meet- 
ing a  nominating  committee  of  five  members,  not  officers  of  the 
Society,  sliall  be  appointed,  and  this  committee  shall,  at  least 
tliirty  days  before  the  annual  meeting,  send  to  the  Secretary 
thf  names  of  nominees  for  the  offices  falling  vacant  under  the 
rules.  In  addition  to  such  regularly  appointed  committee,  any 
other  five  members  or  associates,  not  in  arrears,  may  constitute 
an  independent  nominating  committee,  and  may  present  to  the 
Secretary,  at  least  thirty  days  before  the  annual  meeting,  all  the 
names  of  such  candidates  as  they  may  select.  All  the  names  of 
ftudi  independent  nominees  shall  be  placed  upon  the  ballot 
list,  with  nothing  to  distinguish  them  from  the  nominees  of  the 
regular  committee,  and  the  Secretary  sliall  at  once  mail  the  said 
list  of  names  to  each  member  and  associate  in  the  form  of  a 
letter  ballot,  it  l^eing  understood  that  the  assent  of  the  nominees 
sliall  have  been  secured  in  all  cases. 

AiiT.  32.  In  the  election  of  Vice-Presidents,  each  member  and 
associate  may  cast  as  many  votes  as  there  arc  Vice-Presidents 
to  be  elected.  He  may  give  all  these  votes  to  one  candidate,  or 
distribute  them  among  more,  as  he  chooses.  Managers  shall  be 
Toted  for  in  the  same  way. 

Akt.  33.  Any  member  or  associate  entitled  to  vote  may  vote 
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by  retaining  or  changing  tlie  names  on  said  list,  leaving  names 
not  exceeding  in  number  the  officers  to  be  elected,  and  return- 
ing the  list  to  the  Secretary— such  ballot  inclosed  in  two 
envelopes,  the  inner  one  to  be  blank  and  the  outer  one  to  be 
indorsed  by  the  voter.  No  member  or  associate  in  arrears 
since  the  last  annual  meeting  shall  be  allowed  to  vote  until  said 
arrears  shall  have  been  paid. 

Art.  34.  The  said  blank  envelopes  shall  be  opened  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received 
the  greatest  number  of  votes  for  the  several  offices  shall  be  de- 
clared elected. 


MEETINGS. 

Art.  35.  The  annual  meeting  of  the  Society  shall  be  held  on 
the  first  Tuesday  in  December  of  each  year,  in  the  City  of 
New  York,  unless  otherwise  ordered,  at  which  a  report  of  pro- 
ceedings and  an  abstract  of  the  accounts  shall  be  furnished  by 
the  Council.  The  Council  may  change  the  place  of  the  annual 
meeting,  and  shall,  in  that  case,  give  timely  notice  to  members 
and  associates. 

Art.  36.  Other  regular  meetings  of  the  Society  shall  be  held 
in  each  year  at  such  time  and  place  as  the  Council  may  appoint. 
At  least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by 
the  Secretary  to  members,  honorary  members,  associates  and 
juniors. 

Art.  37.  Special  meetings  may  be  called  whenever  the  Coun- 
cil may  see  fit ;  and  the  Secretary  shall  call  a  special  meeting 
at  the  written  request  of  twenty  or  more  members.  The  notices 
for  special  meetings  shall  state  the  business  to  be  transacted, 
and  no  other  shall  be  entertained. 

Art.  38.  Any  member,  honorary  member  or  associate  may 
introduce  a  stranger  to  any  meeting ;  but  the  latter  shall  not 
take  part  in  the  proceedings  without  the  consent  of  the  meeting. 

Art.  39.  Every  question  which  shall  come  before  the  Society 
shall  be  decided,  unless  otherwise  provided  by  these  rules,  by 
the  votes  of  a  majority  of  the  members  and  associates  present, 
provided  there  is  a  quorum. 

Art.  -iO.  At  any  regular  meeting  of  the  Society  thirteen  or 
more  members  and  associates  shall  constitute  a  quorum. 
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Art.  41.  Unless  otherwise  ordered,  papers  shall  be  read  in 
the  order  in  which  their  text  is  received  by  the  Secretary. 
Before  any  paper  appears  in  the  Trajisactions  of  the  Society,  a 
eopv  of  the  ]\iper  shall  be  sent  to  the  author,  and,  so  far  as 
possible,  a  copy  of  the  reported  discussion  shall  be  sent  to 
every  member  who  took  pait  in  the  same,  with  requests  that 
attention  shall  be  called  to  any  errors  therein. 

Art.  4:2.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions, 
except  in  the  matter  of  official  publication  with  the  Society's 
imprint,  as  its  Transactions.  The  Secretary  shall  have  sole 
possession  of  papers  between  the  time  of  their  acceptance  by 
the  Publication  Committee  and  their  reading,  together  with  the 
drawings  illustrating  the  same  ;  and  at  the  time  of  such  reading, 
or  as  soon  thereafter  as  practicable,  he  shall  cause  to  be  printed, 
with  the  authors'  consent,  copies  of  such  papers,  "  subject  to  re- 
vision," with  such  illustrations  as  are  needed  for  the  Tra7isac- 
tions,  for  distribution  to  the  members  and  for  the  use  of  technical 
newspapers,  American  and  foreign,  which  may  desire  to  reprint 
them  in  whole  or  in  part.  The  policy  of  the  Society  in  this 
matter  shall  be  to  give  papers  read  before  it  the  widest  circula- 
tion possible,  with  the  view  of  making  the  work  of  the  Society 
known,  encouraging  mechanical  progress,  and  extending  the 
professional  reputation  of  its  members. 

Art.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  ov/n  use, 
and  all  members  shall  have  the  right  to  order  any  number  of 
reprints  of  papers  at  a  cost  to  cover  paper  and  printing ;  pro- 
t'l'ietJy  that  said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the 
statements  of  fact  or  opinion  advanced  in  papers  or  discussions, 
at  its  meetings ;  and  it  is  understood  that  papers  and  discus- 
sions should  not  include  matters  relating  to  politics  or  purely 
to  trade. 

Art.  45.  Tliese  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-thirds  vote  of  the  membf^rs  ])resent ;  provided,  that 
written  notice  of  the  proposed  amendment  shall  have  been 
given   at   a   previous   meeting. 
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The  opening  session  of  the  Fifteenth  Annual  Meeting  was  made 
more  an  opportunity  for  the  assembh'ng  members  to  meet  together 
to  renew  old  acquaintance  and  to  begin  new  friendships.  The 
rooms  of  the  Society  were  opened  from  an  early  hour  on  the  even- 
ing of  Monday,  December  3d,  1894,  but  at  nine  o'clock  the  presi- 
dent called  the  Society  toofether  in  the  comfortable  auditorium  of 
the  Library  Association,  and  announced  that  there  would  be  dis- 
cussion on  two  topics  of  professional  interest.  Messrs.  SchefHer, 
Aldrich,  Suplee,  Warner,  Oberlin  Smith,  Emery,  Woolson,  Cart- 
wright,  and  Fr\^  took  part  in  the  discussion  on  the  "  General 
Principles  Underh^ing  a  Judicious  Connection  of  Steam  Boilers  to 
the  Engines  which  they  were  to  Drive ; "  and  Messrs.  Miller,  Chase, 
Cruikshank,  Magruder,  Jaques,  Oberlin  Smith,  Halsey,  CJark, 
and  Wright  discussed  the  most  convenient  method  of  filing  clip- 
pings and  other  professional  memoranda  for  convenient  reference. 

Announcements  were  made  as  to  the  entertainments  and  other 
provisions  for  the  comfort  of  visitors  during  the  convention,  and 
Messrs.  J.  H.  Webster  and  George  W.  Weeks  were  appointed  by 
the  president  to  act  as  tellers,  under  Article  35  of  the  Eules,  to 
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count   the  ballots  cast  by  the   membership  in   the   election   for 
otficei's  for  the  ensuing  Society  year. 

A  recess  was  then  taken  until  the  following  morning,  the  mem- 
bers remaining  for  social  opportunity  until  a  late  hour. 


Second  Day. — Tuesday,  December  4th. 

The  regular  sessions  of  the  annual  meeting  began  with  the 
session  of  this  morning,  at  ten  o'clock,  in  the  auditorium.  The 
registration  of  members,  even  at  this  early  session,  showed  that 
the  meeting  Avas  to  be  an  unusually  large  one,  and  the  record 
before  the  end  of  the  meeting  showed  that  the  size  and  numerical 
success  of  the  meeting  was  to  be  unprecedented.  The  plan  was 
ad(jpted  of  numbering  the  lines  on  the  official  register,  and  pro- 
viding that  the  usual  button  badge  worn  at  the  Society's  conven- 
tion should  bear  a  number  corresponding  to  the  number  on  the 
register.  It  will  be  seen  that  by  this  expedient  every  one  could 
immediately  ascertain  the  name  of  ever}^  one  else  without  the 
end)an'assment  of  a  direct  question  to  this  end,  and  the  prac- 
tical I'esult  showed  that  the  meeting  was  one  of  the  most  success- 
ful on  the  social  side  that  had  ever  been  held.  The  register 
showed  the  following  persons  in  attendance  from  the  list  of 
members.  The  total  retristered,  includino-  o-uests,  was  four  hun 
dred  and  thirty. 

A  born,  Geo.  P. 
Ackerman,  W.  S. 
Alden,  (ieo.  I. 
Aller,  A. 
Almirall,  J.  A. 
Almond,  T.  R. 
Almy,  D. 
Aniliony,  Q.  C. 
Ashley,' F.  N. 
Baker,  C.  W. 
Baldwin,  F.  L, 
BaMwin,  F.  R. 
Baldwin,  S.  VV. 
Baii^',  H.  A. 
Bam»s.  A,  T. 
Harnum.  Geo.  S. 
Barr.  .Ino.  H. 
Barr.  H.  F. 
Barratt,  E.  G. 
Barroit,  Goo.  H. 
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Batclielor,  Chas. 
Bauer,  C.  A. 
Beach,  Giles. 
Beardsley,  Arthur. 
Billings,  C.  E. 
Biiisse,  n. 
Blackburn,  A.  H. 
Bo(ni<r,  H.  W. 
Bole,  VV.  A. 
Born],  G.  M. 
Bourne,  S.  N. 
Boyer,  F.  II. 
Bradley,  C.  L. 
Bradley.  W.  H. 
Brady,  .laH, 
Brashear,  J.  A. 
BriHtol,  W.  H. 
Bulkley,  n.  W. 
Bollock,  E.  H. 
Burnham,  Wm. 


Butcher,  J.  J. 
Buzby,  C.  E. 
Cadwell,  W.  D. 
Caldwell,  A.  J. 
Camp,  Geo.  E. 
Campbell,  Gordon. 
Can  field,  H. 
Carpenter,  H.  A. 
Carter,  H.  W. 
Cartwriglit,  R. 
Cary,  A.  A. 
Chase,  II.  S. 
Chase,  W.  L. 
Cheny,  W.  L. 
Chi  Ids,  A.  E. 
(^iristie,  W.  W. 
Clark,  S.  J. 
Clark,  T.  C. 
Clark,  Walton. 
Cobb,  (ieo.  H. 
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Cogswell,  W.  B. 
Cole,  F.  J. 
Col  well,  A.  W. 
Conover,  E.  K. 
Coniiell,  J.  A. 
Conrad,  II.  V. 
Coxe,  Eckley  B.,  Pres. 
Cramp,  E.  :S. 
Cieelman,  Frank. 
Cremer,  J.  M. 
Cruiksliaiik,  B. 
Cruiksbaiik,  L.  B. 
Cullingworth,  Geo.  R. 
Curtis,  R.  E. 
Dale,  0.  (i. 
Daniels,  F.  H. 
Darling.  E.  A. 
Dashiell,  W.  W. 
Davis.  E.  F.  C. 
Davis,  L.  K. 
Dean,  F.  W. 
Deans.  Clias.  P. 
Deibjsliire,  W.  H. 
DeSchweinitz,  P.  B. 
Dinkel,  Geo. 
Doane,  W.  H. 
Dobbins,  S.  D. 
Dripps,  W,  A. 
Durfee,  W.  F. 
Eaton,  R.  VV. 
Edwards,  L.  T. 
Egleston,  Thos. 
Emery,  Chas.  E. 
Engel,  L.  G. 
Estrada,  E.  D. 
Faber  DnFaur,  A. 
Field,  B.  K. 
Field,  C.  R. 
Fisber,  Clark. 
Fladd,  F.  C. 
Flagg,  S.  G. 
Flatber,  F.  A. 
Fleming,  W.  R. 
Forbes,  W.  B. 
Forney,  F.  N. 
Foster,  E.  H. 
Foster,  J.  D. 
FowltT,  Geo.  L. 
Fraud?,  VV.  H. 
Freeman,  J.  R. 
Frevert,  H.  F. 


Frith,  A.  J. 
Friiz,  John. 
Fry,  A.  B. 
Gale,  H.  B. 

Gantt,  H.  L. 
Gaskin,  E.  F. 
Gilkerson,  J.  A. 
Gill,  J.  L. 
Gillis,  H.  A. 
Glenn,  H.  F. 
Gobeille,  J.  L. 
Goetz,  V.  J. 
Goidon,  Alex. 
Goubert,  A.  W. 
Gould,  W.  V. 
Graves,  E. 
Grtec,  S.  M. 
Greensmitl),  J.  E. 
Greenwood,  P.  F. 
Gregory,  VVn). 
Grimm,  P.  H. 
Grover,  L.  C. 
Guilford,  W.  M. 
Gwilliam,  Geo.  T. 
Hale,  R.  S. 
Halsey,  F.  A. 
Hamilton,  J.  V. 
Hand,  S.  A. 
Hart,  C.  E. 
Hartness,  Jas. 
Haskins,  H.  S. 
Hawkins,  J.  T. 
Hawkins,  W.  C. 
Hay  ward,  F.  H. 
Hemenway,  F.  F. 
Henderson,  Alex. 
Henderson,  Geo.  R. 
Henderson,  J.  C. 
Heunii'g,  G.  C. 
Hershey,  M.  E. 
Hibbard.  H.  D. 
Hibbard,  H.  W. 
Hill,  Geo. 
Hillard,  J.  C. 
Holloway,  J.  F. 
Hopton,  W.  E. 
Hoppes,  J.  J. 
Horstman,  H.  J. 
Hough,  D.  L. 
Hunt,  C.  W. 
Hunt,  W.  F. 


Hunting.  A.  A. 
Huson,  W.  S. 
Huston,  C.  L. 
Hutchinson,  C.  T. 
Hutton,  F.  K.,  Sec'y. 
Hyde,  C.  E. 
Idell,  F.  E. 
Ingersoll,  W. 
Jacobi,  A.  W. 
Jiicobus,  D.  S. 
Jaqnes,  W.  H. 
Jenkins,  M.  C. 
Jenks,  W.  H. 
Johnson,  A.  E. 
Jones,  F.  C. 
Jones,  Washington. 
Kafer,  J.  C. 
Kaven,  M.  B. 
Keep,  W.  J. 
Kent,    VVui. 
Kerr,  C.  V. 
Kerr,  W.  C. 
King,  C.  C. 
King,  W.  R. 
KirchhofF,  Charles. 
Klein,  J.  S. 
Knickerbackcr,  Jno. 
Knight,  A.  F. 
Kruesi,  John. 
Laforge,  F.  H. 
Lager,  C.  A. 
Lane,  H.  M. 
Lane,  J.  S. 
Langlotz,  Chas. 
Langlotz,  Robert. 
La'iza,  G. 
Larkin,  F.  A. 
Lieb,  J.  \V. 
Lock  wood,  E.  H. 
Lockwood,  J.  F. 
Logan,  W.  J. 
Longnecker,  C.  K. 
Loring,  C.  H. 
Low,  F.  R. 
Ludlow,  W.  0. 
Lyall,  W.  L. 
McDuffie,  C.  D. 
McElroy,  S. 
McCJeorge,  Jno. 
Magoun,  H.  A. 
McKee,  J.  J. 
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McMnnni*.  Wm. 
Manning,  C.  11. 
Marx,   Henry. 
Mason.  \N'.  B. 
MatlHck.  D.  J. 
Mat  lack.  J.  R. 
Meatz.  J.  T. 
Melvin.  D.  N. 
Mesfeng:er,  F.  M. 
Meyer.  H.  C. 
Miller.  F.  J. 
Miller.  H.  B. 
Miller.  L.  B. 
Marble.  H.  M. 
Mayo,  J.  B. 
Monaghan,  W.  F. 
Mcnigoiiiery,  H.  M. 
Moore,  D.  G. 
MoorH,  M.  F. 
Morgan,  C.  H. 
Morgan,  P.  B. 
Morison,  G.  S. 
Morris.  H.  G. 
Morse,  C.  M. 
Monltlirop.  Leslie. 
MuUer.  T.  H. 
Mumf'.rd,  E.  H. 
Nason,  C.  W. 
Naylor.  E.  W. 
Newconib,  C.  L. 
Nicoll,  C.  H. 

Norris.  H.  McCoy. 

Norri."*,  J.  H. 

Norris,  R.  V.  A. 
Owen.  JaH. 

Painter,  Wm. 

Palmer,  (Uo.  E. 

Parsons.  H.  DeB. 

Partridge,  W.  E. 

Paynp,  9.  F. 

Pearson,  W.  A. 

Peek,  G.  M. 

Penney,  E. 

Pentz,  A.  D. 

Pliilliiw.  rranl<lin 

Pifkering,  T.  R. 

Piers,  Frank. 

Pike.  W    A. 

Pitkin,  S.  U. 

Plati,  Geo.  H. 

Plait,  Jno. 


Piatt,  .T.  C. 
Pollock,  Jas. 
Pomeroy,  L.  R. 
Porrer,  (\  T. 
Porter,  Wm. 
Qnimby,  W.  E. 
Rankin,  T.  L. 
Redwood,  I.  I. 
Retiew,  C.  E. 
Richards,  C.  R. 
Richards.  F.  H. 
Richards,  Frank. 
Richmond,  Geo. 
Ridgway,  J.  T. 
Roberts.  P. 
Roberts,  Wra. 
Robint-on,  J.  M. 
Rockwood,  G.  I. 
Roelker,  H.  B. 
Ross,  E.  G. 
Rowland,  A.  E. 
Rowland,  C.  B. 
Rowland,  G. 
Rowland,  T.  F. 
Rusby,  J.  M. 
Sague,  J.  E. 
Sahlin,  A. 
Sargent,  J.  W. 
Scheffler,  F.  A. 
Scholl,  J.  S. 
Schutte,  L. 
Schwanhau&ser,  Wm. 
Seavey,  J.  F. 
Sewall,  M.  W. 
Seymour,  J.  A. 

Shiirell,  D. 

Simonds,  Daniel. 

Sinclair,  A. 

Sinclair,  Geo.  M. 

Smith,  A.  P. 

Smith,  Chas.  F. 

Smith,  H.  W. 

Smiih,  Oberlin. 

Snell.  II.  I. 

Souther,  11. 

Spies,  A. 

Spillhbury,  E.  G. 

Stangland,  B.  F. 

Stanley,  A.  W. 

Stanton,  John. 

Stearnp,  A. 


Stevens,  E.  A. 
Stillraan,  F.  B. 
Stockly,  G.  W 
Stuart,  R.  T. 
Stiles,  N.  C. 
Strong,  G.  S. 
Suplee,  H.  H. 
Sweet,  J.  E. 
Taber,  Geo.  H. 
Tabor,  H. 
Taylor,  J.  T. 
Taylor,  W.  M. 
Thomas,  E.  G. 
Thomas,  E.  W. 
Thomson,  John. 
Tilden,  J.  J. 
Tolraan,  J.  P. 
Torrance,  K. 
Torrey,  H.  G. 
Tow],  F.  M. 
Towne,  H.  R. 
Trauiwine,  A.  P. 
Tucker,  W.  B. 
Upson,  L.  A. 
Vanderhoef,  G.  N, 
Varney,  W.  W. 
Waldron,  F.  A. 

Walworth,  A.  C. 

Ward,  W.  E. 
Ware,  J.  A. 
Warner,  W.  R. 
Warren,  B.  H. 

Webb,  J.  B. 

Webber,  S.  S. 

Webber,  W.  O. 

Webster,  J.  H. 

Webster,  W.  R. 

Weeks,  G.  W. 

Wellman,  S.  T. 

West,  T.  D. 

Wheeler,  F.  B. 

Wheeler,  F.  M. 

Wheeler,  Seth. 

Wheeler,  S.  S. 

W^heelock,  J. 

White,  H.  C. 

White,  M. 

Whitehead,  G.  B. 

Whitney,  B.  D. 

Whitney,  W.  M. 

Whittier,  Charles. 
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Wiggiii,  W.  H.  Wood,  De  V.  Williams,  0.  L. 

Wilcox,  J.  F.  Wood,  M.  P.  Wyman,  H.  W. 

Wiley,  W.  H..  Treas.  Woodbury,  C.  J.  H.  Yereance,  W.  B. 

Wiley,  W.  0.  Woolson,  O.  C.  York,  H.  W. 

Winsliip,  J.  G.  Wright,  J.  Q.  Zehnder,  C.  H. 

Wolff,  A.  R.  Wright,  L.  S. 

The  first  regular  order  of  business  was  the  Report  from  the 
Council,  read  as  follows  : 

ANNUAL   REPORT   OF   THE   COUNCIL. 

The  Council  of  the  American  Society  of  Mechanical  Engineers 
begs  leave  to  report  to  the  membership  of  the  Society,  under 
Article  35  of  the  Rules,  the  following  business  transacted  during 
the  Society  year  ending  December  1,  1894. 

Six  meetings  have  been  held  for  business,  at  which  the  grading 
of  applications  for  membership  and  other  matters  came  up  for 
consideration. 

Applications  have  been  received  from  a  number  of  technical 
institutions,  requesting  that  their  libraries  might  be  put  upon  the 
list  of  those  who  are  to  receive  the  volumes  of  Transactions  gra- 
tuitously, as  they  are  issued  each  year.  These  requests  have  been 
granted  in  the  cases  of  institutions  which  by  their  charter  give 
to  their  students  a  degree  in  engineering,  and,  in  some  cases,  to 
make  their  series  complete,  back  volumes  have  been  transmitted 
to  such  libraries  at  the  usual  members'  rate  of  half  the  price  at 
which  they  can  be  purchased  by  outsiders. 

The  Council  has  directed  t]]e  Treasurer  to  withdraw  from  the 
Bleecker  Street  Savings  Bank  and  from  the  Merchants'  Clerks' 
Savings  Bank  the  sum  of  $2,503.29,  which  had  been  held  by  him 
in  trust  on  account  of  contributions  for  the  development  of  the 
Society's  Library.  This  sum  has  been  reinvested  in  bonds  of 
the  Mechanical  Engineers'  Library  Association,  bearing  interest 
at  5  per  cent.,  the  income  from  such  investment  to  be  devoted  to 
the  development  of  the  Library,  in  pursuance  of  the  terms  of  the 
original  subscription. 

Letters  of  thanks  liave  been  received  by  the  Council  from 
various  organizations  of  foreign  engineers,  expressing  in  warm 
terms  their  appreciation  of  courtesies  extended  to  members  of 
these  societies  on  the  occasion  of  their  visits  to  this  country 
during  the  Columbian  year  and  the  period  of  the  Chicago  Expo- 
sition. 
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The  Society  of  Naval  Architects  and  Marine  Engineers,  the 
Institute  of  Electrical  Engineers,  the  American  Society  of  Heating 
and  Ventilating  Engineers,  and  the  New  York  Eailroad  Club 
have  made  arrangements  for  the  lioldiug  of  their  professional 
sessions  in  the  hall  and  auditorium  of  the  American  Society  of 
Mechanical  Engineers.  The  policy  of  encouraging  the  grouping 
around  itself  of  a  number  of  societies  with  which  it  can  be  in 
close  affiliation  is  a  policy  which  the  Council  believes  to  be 
calculated  to  strengthen  the  position  and  widen  the  influence  of 
the  Society  in  the  industrial  activity  of  the  country. 

The  Council  have  received  back  from  the  Executive  Committee 
of  Engineering  Societies  who  conducted  the  Engineering  Head- 
quarters in  Chicago,  which  was  maintained  during  the  period  of 
the  Exposition,  the  sum  of  $200,  being  the  proportion  coming  to 
this  Society  of  the  surplus  remaining  in  the  hands  of  that  body 
at  the  close  of  the  Exposition.  The  subscribers  were  notified 
that  if  they  desired  their  'pro  rata  of  this  surplus,  it  would  be 
refunded  to  them,  but  an  opportunity  was  given  them  to  con- 
tribute this  small  sum  to  the  very  considerable  expenditure  made 
by  the  Society  in  the  redemption  of  obligations  imposed  by  the 
])resence  in  this  country  of  so  many  foreign  visitors,  and  also  to 
meet  the  heavy  extra  expenditure  for  printing,  etc.,  involved  in 
the  conduct  of  the  Mechanical  Section  of  the  Engineering  Con- 
gress. It  will  appear  from  the  report  of  the  Finance  Committee 
that  the  Society  has  not  been  able  even  yet  thoroughly  to  recover 
from  the  strain  on  its  resources  entailed  by  these  conditions. 

Messrs.  W.  J.  Keep  and  E.  D.  Estrada  have  been  added  to 
the  Society's  Committee  on  Uniform  Standards  of  Test  Speci- 
mens and  Methods  of  Testing  Materials,  and  Mr.  R.  W.  Hunt 
lias  been  appointed  in  place  of  Henry  R.  Towne,  resigned. 

Tlie  Council  has  expressed  itself  as  of  the  opinion  that  it  would 
be  of  advantage  that  the  committee  of  this  Society  on  Standard 
Gauges  for  Thickness  of  Metals  should  cooperate  with  a  similar 
committee  of  the  American  Railway  Master  Mechanics. 

The  Canadian  Society  of  Civil  Engineers  has  appointed  as  a 
Committee  of  Conference  on  this  subject  ^Messrs.  Herbert  Wallis, 
John  Bamett,  and  G.  H.  Duggan. 

The  Council  lias  received  from  the  Society  of  Civil  Engineers 
of  France  a  most  cordially  expressed  resolution  of  thanks  for 
courtesies  received  at  the  hands  of  members  of  this  Society  repre- 
8euting  the  ]»arty  of  engineers  who  went  to  Europe  in  1889,  and 
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who  endeavored  to  discharge  something  of  the  obligation  then 
incurred,  when  the  French  engineers  visited  America  in  September 
and  October  of  1893.  Accompanying  this  resolution  were  litho- 
graphed souvenirs  presenting  the  portraits  of  those  members  of 
the  French  Society  who  were  entertained  in  the  Society's  house 
and  elsewhere,  together  with  a  few  medals  which  had  been  struck 
in  Paris  in  commemoration  of  the  visit. 

The  Council  have  accepted  an  invitation  to  hold  the  meeting  of 
the  spring  of  1895  in  the  city  of  Detroit,  Mich. 

Since  the  last  report  in  December,  1893,  the  following  losses  by 
death  are  to  be  chronicled  ; 

Franz  Grashof,  George  H.  Babcock, 

E.  J.  Flacli,  John  H.  Harris, 

Setli  B.  Weaver,  George  Selden, 

E.  B.  Wall,  O.  A.  Lanphefir, 

W.  H.  Dodge,  Orea  G.  Heilmanu. 

The  present  membership,  including  those  elected  at  this  meet- 
ing and  favorably  acted  on  by  the  voting  membership,  is  1,690, 
and  is  distributed  among  the  grades  as  follows : 

Honorary  members 16 

Members 1,346 

Associates 71 

J  uniors 257 

Total 1,690 

Life  members 59 

The  Council  would  also  present  the  report  of  its  tellers,  who 
have  been  appointed  to  count  the  ballots  cast  for  the  election  of 
members  since  the  last  meeting  of  the  Society  in  June,  1894. 

REPORT  OF  THE  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Council, 
to  act  as  Tellers  (uuder  E,ule  13),  to  scrutinize  and  count  the 
ballots  cast  foi'  and  against  the  candidates  proposed  for  member- 
ship in  the  American.  Society  of  Meclianical  Engineers,  and 
seeking  election  before  the  Thirtieth  Meeting,  Isew  York,  1894. 

They  have  met  upon  the  designated  day,  in  the  office  of  the 
Society,  and  have  proceeded  to  discharge  their  duty.  They  would 
certify,  for  formal  insertion  in  the  records  of  the  Society,  to  the 
election  of  the  persons  whose  names  appear  on  the  appended  list, 
to  their  respective  grades. 
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There  were  486  votes  cast  on  the  bhie  ballot,  of  which  15  were 
thrown  out  because  of  informalities  (the  members  voting  having 
neglected  to  indorse  the  sealed  envelope). 


WiLLTAM  H.  Wiley, 
C.  W.  Hunt, 


Tellers  of  Election. 


Appleton,  Charles  B., 
Buun,  Frank  Wilson, 
Buzbv,  Charles  Ernest. 
Collins,  Reuben  Gilbert, 
Creelniau,  Frank, 
DetTOw,  David  Aufjiistas, 
Eaton,  Russell  William, 
Herreshoff,  J.  B.  F., 
Hutchinson,  Cary  Talcott, 


Edward:*,  Odgen  Jay, 


As  Members. 

Jones,  Charles  E., 
Levin,  Arvid  Michael, 
Lister,  Robt.  Rarasbottom, 
Loomis,  Frederick  James, 
Mc Arthur,  Robert, 
Mesta,  George, 
MuUin,  Joseph  P., 
Owen,  James, 
Pierce,  Richard  H., 


Quick,  Howard  Prescott, 
Rettew,  Charles  E., 
Rodgers,  Mayron  Knox, 
Schoff,  George  C, 
Taber,  George  H.,  Jr., 
Thompson,  Hugh  L., 
Tolman,  James  P., 
Wheeler,  Seth. 


As  Associates. 
Richards,  Robert  Haynes,    Smith,  Pemberton. 


Promotions  to  Full  Membership. 
Hibbard,  H.  Wade,  Mayo,  John  B. 

As  Junior  Members. 


Allen,  John  Robins, 
Armstrong,  William  M., 
Ashley,  Frank  M., 
Brown.  Walter  S., 
Bush,  Harold  Montfort, 
Chiids,  Arthur  Edward, 
f'orey,  Fred.  Brainard, 
Dobbins,  Stephen  Decatur, 


Girvin,  Charles  Jefferys, 
Hall,  Thomas, 
Hunt,  William  Floyd, 
Hurd,  Hobart  J., 
King,  Walter  Grant, 
Langlotz,  Robert, 
Malvern,  Lewis  Keith, 
Meyer,  Henry  Coddington, 


Middleton,  Percy  Howe, 
Mitchell,  Benjamin  M., 
Planting,  Peter, 
Slater,  Fred'k  l^aymond, 
Smith,  Harry  E., 
Wood,  Albert  Carroll. 


At  the  close  of  tlie  report  of  the  Council,  the  second  order  of 
business  was  the  report  of  the  Finance  Committee,  which  was  as 
follow.s  : 

ANNUAL    REPORT   OF   THE    FINANCE   COMMITTEE   OP   THE    AMERI- 
CAN  SOCIETY   OF   MECHANICAL   ENGINP:ERS,    1893-1894. 

The  Finance  Committee  of  the  American  Society  of  Mechanical 
Engineers  would  respectfully  report  to  the  Council  the  following 
statement  of  receipts  and  disbursements  on  V)ehalf  of  the  Society, 
undor  their  direction,  during  the  year  from  November  1,  1893,  to 
November  1,  1894. 
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Annual   Report. 

Receipts. 

Accounts.                                                                     Cash.  Bonds.  Total. 

Initialioa  Fpes $2,295  00         $2,295  00 

Current  Dues 20,050  43         20,050  43 

Past  Dues ...         309  35         309  35 

Advance  Dues 218  16         218  16 

Sales  of  Publications 1,207  09         1,207  09 

Binding 18  00         18  00 

Rent  of  Parlor  and  Hall 580  00        580  00 

Badges 435  00        435  00 

Engraving 438  56         438  56 

Life  Memberships 600  00  $400  00  1,000  00 

Contingencies  10         10 

Postage  and  Express 2  45         2  45 

Interest  on  Investment 970  50         970  50 

Gift •    600  00  600  00 

House  Supplies  and  Furniture 15  25         15  25 

Chicago  Headquarters  (rebate) 200  00         200  00 

Office  Expenses 1135         1135 

Repairs    4  00         4  00 

Totals $27,355  24  $1 ,000  00  $28,355  24 

Library  Permanent  Fund 2,503  29         2,503  29 

Totals $29,858  53  $1,000  00  $30,858  53 

Balance  in  Treasurer's  hands  first  of  year. .        159  68        159  68 

Grand  Totals .$30,018  21  $1,000  00  $31,018  21 


Disbursements. 

General  Printing  and  Stationery $983  58 

Reprints  and  Publications 9,789  98 

Postage  and  Express  1,511  66 

Salaries 6,894  14 

Office  Expenses 285  69 

Engraving 1,454  49 

Contingencies 108  60 

Binding 1,539  55 

Meetings 350  64 

House  Supplies  and  Furniture   643  43 

Badge.**  and  Certificates  729  15 

Travelling 100  00 

Insurance  and  Safe  Deposit 17  00 

Rent,  Interet^t,  and  Taxes 3,004  16 

Investment  (bonds  received  as  above) 


$983  58 

9,789  98 

1,511  66 

6,894  14 

285  69 

1,454  49 

108  60 

1.539  55 

350  64 

642  43 

729  15 

100  00 

17  00 

3,004  16 

$600  00 

600  00 

400  00 

400  00 
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Bisb  u  rsemen  is. — Continued. 

Accounte.                                                                      Cash.  Bonds.  Total. 

Library  (book  purchase) $35  75         $35  75 

Chicairo  Headquariers  (subscrip.  repaid)...              9  10         9  10 

$27,455  93  $1,000  00  $28,455  92 

Bonds  Bought  (Library  Permanent  Fund). .    $2,502  08         2,502  08 

$29,958  00  $1,000  00  $30,958  00 

Balance  in  Treasurer's  hands.  Nov.,  1894. .           60  21         60  21 


30.018  21       $1,000  00      $31,018  21 


In  explanation  of  and  comment  on  the  above  report,  the  com- 
niittee  begs  to  call  attention  to  the  following 

Summary  of  Receipts  and  Disbursements. 

Receipts. 

Total  Cash  receipts  1893-94 $29,858  53 

Less  Cash  received  froin  Pernianent  Library 

P^und 2,503  29 

Total  Cash  receipts  (re_nilar  sources) $27,355  24 

Cash  Balance  in  Treasurer's  hands,  Novem- 
ber, 1893 159  68 


Total  Receipts $27,514  92 

Disbursements. 

Total  Cash  disbursements,  1893-94 $29,958  00 

Less  amount  of  Casli  from  Permanent  Li- 
brary Fund  expended  for  bonds 2,502  08 

Actual  Disbursements  for  Expenses.  $27,455  92 

Total  Balance  in  Treasurer'.s  hands 
Nf»venibcr,  1694,  as  shown  in 
Statement  abi)ve $60  21 

Poriioi)  of  this  balance  which  is 
unexpended  balance  of  Perma- 
nent I/ibrary  Fund  ($2,503.29 
lesi  $2,502.08) 1  21 

Balance  of  ngular  receipts,  1803-94 $59  00 

Total..  $27,514  93 

From  the  above  it  will  be  seen  tliat  the  cash  receipts  from  regu- 
lar sources  for  the  year,  with  the  balance  on  hand  at  the  first  of 
the  year,  exceed  the  disbursements  made  for  expenses  by  $59. 

In  explanatioji  of  the  item  of  $2,503.29,  mentioned  in  the  state- 
ment of  receipts  above,  it  should  be  said  that  this  is  the  amount 
which  Ijas  been  reported   in  previous   years  as  standing  to  the 
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credit  of  the  Society  in  Savings  Bauks.  Tliis  sum  has  grown  from 
the  subscriptions  paid  in  bj  members  of  the  Society  on  a  special 
subscription  to  a  fund  for  the  creation  and  maintenance  of  the 
Society's  library,  from  the  years  1884  to  1891.  The  detail  of  the 
subscription  was  very  fully  recorded  in  Volume  XII.,  "  Proceed- 
ings of  the  Annual  Meeting  at  Kichmond,  Va."'  Since  the  annual 
dues  were  increased,  there  has  been  no  charge  made  on  account 
of  these  old  subscriptions,  which  were  considered  as  cancelled  by 
the  increase  in  the  annual  payment,  and  the  aggregate  has  been 
held  by  the  Treasurer  accumulating  interest.  By  instruction  of 
the  Council  in  December,  1893,  this  sum  was  drawn  from  the 
savings  bank  January  1,  1894,  and  was  used  for  the  purchase,  at 
par,  of  five  per  cent,  interest-bearing  bonds  of  the  Mechanical 
Engineers'  Library  Association.  The  interest  from  this  invest- 
ment is  to  be  devoted,  in  accordance  with  the  terms  of  the  orig- 
inal subscription,  to  the  purchase  of  books,  and  for  other  expenses 
connected  with  the  development  of  the  library  of  the  Society. 
These  bonds  are  held  by  the  Treasurer  of  the  Society  in  trust,  and 
so  appear  on  the  books  and  records  of  the  Society. 

Of  the  actual  cash  disbursements  for  1893-91,  the  sum  of 
$1,183.26  was  for  bills  belonging  to  the  year  1892-93,  which  have 
been  received  and  paid  during  the  year  which  has  just  closed. 
Deducting  this  amount — which  was  due  to  the  extra  expense  en- 
tailed in  1892-93  on  account  of  its  being  the  Columbian  3'ear,  when 
expenses  were  greatly  increased — from  the  total  cash  disburse- 
ments for  expenses,  i.e.,  $27,455.92  less  $4,183.26,  we  have 
$23,272.66,  which  sum  is  the  amount  of  the  disbursements  for  the 
year  1893-94,  for  expenses  of  that  year. 

There  remain  unpaid  outstanding  bills,  at  the  end  of  the  year 
1893-94,  for  expenses  of  that  year,  amounting  to  $3,526.25,  and 
adding  this  amount  to  the  amount  expended  for  this  purpose,  as 
shown  above— i.e.,  $23,272.66— we  have  $26,798.91,  which  sum  is 
the  total  actual  expense  for  the  year  1893-94. 

Therefore  : 

The  actual  ca:sh  receipts  from  legular  sources  for  1893-4,  as  shown 

above .' $27,514  92 

Less  the  actual  amount  of  expenses  for  tliat  year,  as  shown  above. . .      26,798  91 

Shows  an  excess  of  receipts  over  expenses  for  that  year $716  01 

Of  the  original  issue  of  bonds  of  the  Mechanical  Engineers' 
Library  Association,  amounting  to  $32,000,  the  present  holding 
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of  tlie  Society  is  819,000,  which  amount  of  bonds  have  been 
acquired  from  the  original  holders  either  through  ])urehase  at  par, 
surrender  in  exchange  for  life  memberships,  or  gift.  Of  this 
amount,  $3,500,  as  shown  in  statement  of  receipts  and  disburse- 
ments, have  been  acquired  in  the  year  1893-4,  as  follows  : 

Purcliased  with  Permanent  Library  Fund,  as  per  mstruction  of  the 

Council,  as  mentioned  above $2,500  00 

Surrendered  by  original  holders  for  life  memberships  in  1893-4 400  00 

(5ift_Bonds  received  from  Mr.  Stephen  Wilcox  ($300)  and  Mr. 
Cieorge  H.  BabcocU  ($300),  which  were  held  in  trust  by  the 
Society  during  the  life  of  these  gentlemen,  the  interest  on  which, 
as  per  terms  of  the  gift,  was  used  to  pay  their  annual  subscrip- 
tions to  the  Sinking  Fund  of  the  Mechanical  Engineers'  Library 
Association,  but  which,  at  their  death,  reverted  to  the  Society 600  00 

Total  Bonds : .   $3,500  00 

This  makes  an  investment  of  $19,000  belonging  to  the  Society, 
and  bearing  interest  at  five  per  cent,  per  annum,  and  leaves 
$13,000  worth  of  the  original  issue  of  bonds  still  in  the  hands 
of  members  of  the  Society,  and  secured  by  mortgage  held  by  the 
Title  Guarantee  and  Trust  Company,  as  trustees  for  the  bond- 
holders. 

At  the  end  of  the  year  the  total  amount  due  the  Society,  and 
uncollected,  is  as  follows  : 

Dues,  1803-4,  from  151  persons $2,169  00 

IJark  dues  previous  to  1H93-4,  from  56  persons 929  48 

Badges,  volumes,  etc.,  etc.,  from  8  persons 127  28 

Initiation  fees,  from  6  persons 130  00 

Total  uncollected $3,355  76 

It  will  be  noted  that  this  sum  which  the  Finance  Committee 
lias  as  yet  been  unable  to  collect,  but  which  is  due  the  Society 
and  whicli  the  said  committee  has  every  expectation  of  being 
able  to  collect,  is  about  enough  to  cover  all  outstanding  indel)ted- 
ness,  which  amounts  to  $3,520  25,  tlius  showing  that  if  all  that  is 
due  the  Society  at  tlie  end  of  the  year  which  has  just  closed  had 
been  collected,  nearly  all  bills  for  the  year  could  liave  been  paid, 
even  thoiigli  we  also  paid  bills  for  1892  3  amounting  to  $4,123.86, 
]>elonging  to  last  year. 

In  view  of  the  dopre.ssion  iu  all  branches  of  industry  during  the 
past  year,  tlie  committee  have  been  more  lenient  than  usual  with 
delinquents,  and  instead  of  drawing  sight  drafts  on  all  those  who 
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were  in  arrears  for  dues  at  the  expiration  of  eleven  months,  only 
a  few  men  were  drawn  on ;  but  to  all  others  personal  letters  were 
written,  requesting  them  if  possible  to  remit  before  the  end  of  the 
year,  or  to  advise  us  when  we  could  look  for  such  a  remittance, 
and  in  every  case  where  a  request  was  made  for  an  extension  it 
was  immediately  recorded.  But  no  one  remains  in  arrears  from 
neglect  who  still  desires  to  retain  his  connection  with  the 
Society,  and  the  open  accounts  are  those  who,  through  ill  health, 
misfortune,  or  other  good  reason,  have  requested  the  extension 
which  the  Rules  allow. 

When  it  is  considered  that  in  such  a  hard  year  as  the  one  which 
has  jnst  closed  tliei'e  are  only  one  hundred  and  fifty-one  men  in 
arrears  out  of  a  total  membership  of  nearly  seventeen  hundred, 
the  committee  considers  it  a  matter  of  congratulation  as  showing 
the  healthy  interest  taken  in  the  Society  by  its  members. 

Respectfully  submitted. 

By  the  Finance  Committee. 

REPORT  OF  THE  LIBRARY  AND  HOUSE  COMMITTEE. 

The  House  Committee  of  the  Society,  entrusted  with  the  duties 
of  superintending  and  providing  for  the  interests  of  the  Society's 
library,  which  is  maintained  by  the  Mechanical  Eogineers' Library 
Association  as  part  of  the  consideration  which  passes  between 
the  two  organizations  in  their  relations  as  landlord  and  tenant, 
beg  leave  to  report : 

That  the  use  of  the  library  by  students  and  other  readers,  as 
well  as  by  the  members  of  the  Society,  has  steadily  increased. 
A  register  of  those  who  make  use  of  it  shows  that  its  privileges 
have  been  enjoyed  by  between  three  and  four  thousand  persons 
during  the  year,  particularly  in  the  evening  and  upon  holidays. 
The  Committee  makes  a  special  point  of  keeping  the  library  open 
at  these  times,  when  the  absence  of  demands  of  other  business 
makes  it  possible  for  those  closely  engaged  to  avail  themselves  of 
tlie  privileges  extended. 

During  the  winter  of  1894  a  number  of  members  arranged  to 
assemble  on  stated  evenings  for  professional  profit.  The  topics 
of  papers  read  at  the  1894  evenings  were  "  The  Steam  Engines  of 
the  Columbian  Exposition,"  "  Water-tnbe  Boilers  in  the  U.  S. 
Navy."  *'  The  Sellers-Emery  Testing  Machine,"  and  "  Machines 
for  Testing  Materials."    Some  of  these  papers  were  illustrated  by 
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lantern  slides,  and  attracted  from  sixty  to  a  hundred  members, 
resident  and  non-resident.  These  reunions  were  in  no  sense 
meetings  of  the  Society,  but  only  of  individual  members  of  it,  and 
their  expenses  were  entirely  borne  by  those  in  attendance  and 
who  looked  after  their  details. 

Tlie  Mechanical  Engineers'  Library  Association  is  the  owner 
of  the  house  in  which  the  Society  has  its  rooms,  the  latter  pa3dng 
to  the  former  a  yearly  rental  in  cash  and  in  the  form  of  the  right 
to  use  its  books  and  periodicals. 

The  report  of  the  finances  of  this  Association  is  made  to  the 
entire  membership  of  the  Mechanical  Engineers  through  the 
channel  of  the  House  and  Library  Committee,  and  is  appended 
to  this  report. 

The  sleeping  apartments  upon  the  upper  floors  of  the  Society's 
house  have  been  abundantly  used  during  the  entire  year,  and  in 
some  cases  the  demand  for  this  accommodation  has  far  exceeded 
the  sup|)ly.  The  plan  of  having  apartments  of  this  sort  at  the 
service  of  non-resident  members  has  been  very  popular  and  has 
been  warmly  supported,  and  will  be  continued  as  a  feature  of 
the  Society's  life.  Those  who  make  use  *of  these  facilities  find 
themselves  enjoying  all  home  comforts,  and  the  opportunity  for 
meeting  their  professional  brethren  in  a  way  which  has  proved 
most  eMJo3\able.  The  income  from  this  source,  which  passes  to 
the  credit  of  the  Library  Association,  will  be  seen  to  reach  nearly 
the  sum  of  $1,600. 


LIBRARY   ASSOCIATION:    ANNUAL    REPORT   OF   THE   TRUSTEES  OF 
MECHANICAL   ENGINEERS'  LIBRARY    ASSOCIATION,  1893-1894. 

The  summary  of  receipts  and  disbursements  of  the  Trustees 
from  November  1 ,  1893,  to  November  10, 1894,  is  appended  below : 

Receipts. 

Balanrp  on  liarifl  November  1,  1803 $285  54 

Rfc*'i[»t«  J'VlIowHliip  Fund   $230  00 

Sinking  Fiitid 588  00 

Omcc-  R.-nt 3,000  00 

\{irim\  Mt'ui 1,552  40 

ConiingHricies.  10  05 

Total  Receipts  1893-1804 6.280  45 

Toul  Casi  $6,565  09 
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Disbursements. 

Interest  on  Mortgage $1,485  00 

"      on  Bonds 1,600  00 

Salaries 840  00 

House  Supplies,  etc 515  37 

Fuel 267  85 

LightingJ^^^-: $312  65 

( Electric  Light  594  39—    807  04 

Equipment 363  50 

Laundry 310  00 

Repairs 15  29 

Book  Purcbase 5  06 

Binding 112  50 

Coutiugeiicies 30  00 

Insurance 15  00 

Total  Disbursements $6,366  61 

Cash  in  Bank  to  balance  199  38 

$6,565  99 

Assets. 

House  and  lot,  12  W.  31st  St.,  New  York  City $65,000  00 

Furniture  and  equipment 5,000  00 

Books  and  MSS 10,000  00 

Total $80,000  00 

Bills  Receivable  (Office  and  Room  Rent,  uncollected). .  1,415  79 
"           ''             (Subscriptions    to     Fellowship    Fund, 

uncollected) 106  00 

"  Receivable  (Subscriptions  to  Sinking  Fund,  uncol- 
lected)   464  00 

Total  Assets $81,985  79 


Liabilities. 

First  Mortgage  held  by  N.  Y.  A.  of  M $33,000  00 

Second  Mortgage  Bonds  held  by  Members  of  the  A.  S. 

M.  E   \ 13,000  00 

Second  Mortgage  Bonds  held  by  Council  of  A.  S.  M.  E. 

as  an  investment 19,000  00 

Total  Liabilities $65,000  00 

Excess  of  Assets  over  Liabilities $16,985  79 

The  tellers  appointed  to  count  the  ballot  for  officers  presented 
their  report  at  the  conclusion  of  the  foregoing,  which  had  been 
set  up  in  type  and  was  distributed  at  the  meeting.     Their  report 
was  as  follows : 
2 
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Whole  nuinber  of  bullots  cast. . .    544 

For  President E.  F.  C.  Davis 540  voles. 

"  Vice-Presidents F.  H.  Ball 554  " 

Jesse  M.  Smi til 538  " 

««              •«              M.  L.  Hoi  man 536  '* 

'•               "               Robert  Forsyth 1  " 

"  •'  James  M.  Dodge 3 

"Treasurer \Vm.  H.  Wiley 544  *' 

♦'  Managers.    John  C.  Kafer 547  " 

*'          Chas.  A.  Bauer 544  *' 

Arthur  C.  Walworth 541  " 

Twenty  ballots  were  thrown  out  as  informal. 

Respectfully  submitted,  J.  H.  Webster, 

Geo.  W.  Weeks. 
New  York,  December  4,  1894. 

The  next  matter  of  business  was  the  action  on  certain  amend- 
ments to  the  Rules  of  the  Society,  of  which  notice  had  been  given 
at  the  Montreal  meeting,  as  required  in  Art.  45  referring  to  such 
amendments.  The  Chair  reported  that  the  amendments  as 
originally  proposed  had  received  very  careful  consideration  in  the 
Ccjuncil,  both  by  the  body  as  a  whole  and  by  sub-committees 
extending  over  several  meetings.  lie  reported  to  the  meeting 
the  unanimous  opinion  of  the  Council,  that  the  effect  of  these 
amendments  will  be  beneficial  to  the  Society,  and  that  their 
adoption  is  recommended.  The  proposed  amendments  had  been 
printed  side  by  side  with  the  Rules  now  in  force,  and  had  been 
distributed  in  advance  of  the  meeting,  to  secure  their  careful  con- 
sideration by  the  membership  in  advance  of  the  session  at  Avhicli 
they  were  to  be  considered.  The  distribution  of  the  printed 
amendments  by  the  Secretary  at  the  meeting,  and  the  remarks 
of  the  I^resident,  were  considered  as  a  motion  made  and  seconded 
tliat  the  Society  proceed  to  consider  and  adopt  the  proposed 
amendments.  One  or  two  verbal  alterations  in  tlie  proposed 
Rules  were  suggested  by  Mr.  Ilenning,  and  the  motion  as  amended 
was  put  in  the  form  : 

liemlved.  That  tho  Society  proceed  to  vote  on  the  amendments  proposed,  such 
ameudmeiits  to  i^e  subject  to  hlight  verbal  alterations,  which  have  been  suggested 
and  wliicb  are  to  be  considered  by  the  Council,  and,  if  approved,  incorporated 
into  the  accepted  amendments. 

The  Secretary,  in  presenting  the  proposed  amendments,  spoke 
as  follows : 
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The  Secretary. — It  might  be  advisable  for  me  to  call  the  atten- 
tion of  the  members  to  the  essential  changes  incorporated  into 
the  amendments,  which  are  really  very  few.  Article  2  is  to 
increase  the  number  of  persons  eligible  for  membership.  The 
Council  in  considering  the  proposed  changes,  discovered  that 
there  was  no  provision  in  the  Eules  for  the  eligibility  of  electrical 
engineers.  The  Society  is  fourteen  years  old.  Its  rules  were 
amended  ten  years  ago  materially,  and  the  profession  of  electrical 
engineering  has  really  grown  up  during  the  past  ten  years,  so  that 
the  first  thing  done  was  to  put  electrical  engineers  in  among  those 
eligible  for  membership.  And  then  it  was  decided  to  make  the 
article  broader,  so  that  we  would  not  need  to  amend  it  for  the 
next  twenty-five  years,  for  we  did  not  know  what  new  forms  of 
engineering  would  come  up,  which  leads  to  the  considerable 
amendment  of  Article  2,  making  all  persons  connected  with 
engineering  eligible  to  admission  into  the  Society.  Another  thing 
is  to  insert  in  the  Eules  an  age  limit,  with  the  idea  that  probably  a 
man  less  than  thirty  years  of  age,  excepting  in  very  remarkable  cases, 
would  not  have  sufficient  professional  experience  to  qualifj"  him 
to  be  the  kind  of  man  we  wanted  the  full  members  of  this  Society 
to  be.  But  there  are  a  great  many  good  men  who  are  not  thirty 
years  of  age.  In  order  to  meet  that  particular  case,  the  qualifica- 
tions were  widened  in  Article  6,  for  a  candidate  for  membership 
in  the  associate  grade,  making  them  very  much  higher  than  for 
the  old  associate  grade.  The  junior  is  practically  as  it  was,  that 
being  a  grade  which  has  been  found  very  useful.  The  practical 
working  of  these  rules  will  be  that  a  young  man  coming  into  the 
Society  as  a  junior  will  usually  be  promoted  first  to  the  associate 
grade,  when  he  has  passed  the  twenty-six-year  limit,  if  he  chooses, 
and  from  the  associate  grade  he  will  be  then  promoted  to  the  full 
member's  grade,  when  he  shall  have  passed  the  thirty-year  limit. 
The  intent  of  all  this  is  to  enhance  the  value  of  membership.  All 
of  us  who  are  now  members  have  our  membership  mean  just  so 
much  more  by  the  passage  of  that  rule.  Then  the  rest  of  the 
amendments  following  Article  6  are  really  to  put  into  the  Eules 
practice  and  procedure  which  have  grown  up  in  the  management 
of  the  Society's  business  during  the  last  ten  years,  and  which, 
while  not  inconsistent  with  the  Eules,  were  not  definitely  specified 
therein.  All  the  articles  following  No.  9  really  make  no  prac- 
tical change  in  the  practice  of  the  Society.  Ai'ticle  8  is  a  distinct 
addition,  giving  to  honorary  members  of  the  Society  the  right  to 
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vote  and  to  hold  office,  which  they  did  not  have  before.  It  has 
been  thought  that  any  man  to  whom  the  title  of  honorary  member 
could  be  given  was  a  man  on  whose  judgment  we  could  very  prop- 
erlv  rely,  and  who  might  be  an  exceedingly  valuable  officer  in  the 
Societv  ;  and  if  that  occasion  ever  arises,  then  the  Eules  should 
not  obstruct  the  practicability  of  carrying  it  out. 

The  President  calls  my  attention  to  a  change  in  new  Article 
4,  replacing  old  Article  5.  Honorary  members,  under  the  old 
rule,  had  to  be  persons  of  acknowledged  professional  eminence, 
who  had  virtually  retired  from  practice.  That  cut  us  out  from 
having  some  very  helpful  and  excellent  honorary  members,  and  a 
good  many  of  our  honorary  members  have  not  virtually  retired 
from  practice,  so  that  that  was  simply  cut  out  in  order  that  we 
might  have  the  benefit  of  acknowledged  professional  eminence 
without  decrepitude. 

2£r.  Jos.  C.  Piatt. — I  would  like  to  ask  the  Secretary  one 
question.  He  made  a  statement  which  rather  struck  me  as  indi- 
cating that  it  was  the  intention  that  juniors  should  become  asso- 
ciates before  becoming  members.  Is  there  anything  in  the  rules 
to  make  it  appear  that  that  is  really  desired  ?  The  word  associate 
in  many  societies  has  frequently  come  to  mean  people  who  are 
akin  to  its  main  object  and  not  active  in  it,  and  if  you  say  a  man 
is  an  associate  member  of  this  Society,  you  think  he  might  per- 
haps be  a  stock-holder  in  a  manufacturing  establishment.  lie 
would  be  an  associate,  but  he  might  not  know^  anything  about 
the  manufacturing,  except  paying  his  assessments  or  getting  his 
dividends.  Yet  he  could  properly  be  said  to  be  associated  with 
mechanical  engineers.  I  ask  the  question  whether  it  is  really 
exjxjcted  that  a  junior  shall  become  an  associate  before  he  becomes 
a  member. 

7/ie  Secretary. — Xew  Article  6  really  provides  for  two  dis- 
tinct chissf^  of  men.  To  be  eligible  as  an  associate  the  candidate 
must  be  not  less  than  twenty-six  years  of  age,  and  must  have  the 
other  qualifications  of  a  member.  You  will  see  that  that  puts 
\x\U)  the  associate  grade  men  who  are  not  less  than  twenty-six 
years  of  age,  and  have  all  the  other  qualifications  of  membership 
except  the  age  of  thirty  years.  So  that  that  type  of  associate  is 
a  man  who  is  eligible  to  promotion  to  full  membership  as  soon  as 
he  pa.s.Hf»s  the  thirtv-vear  limit.  Then  following::  the  word  "  or  " 
is  the  other  class  of  associates,  which  is  the  one  to  which  Mr. 
Piatt  has  referred — an  associate  who  is  the  type  of  man  in  busi- 
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ness  relations  with  engineers.  The  council  and  committee  in 
charge,  in  considering  that  question,  faced  this  alternative:  either 
to  take  in  these  fairl}^  competent  fellows  who  are  between  twentv- 
six  and  thirty  into  a  fourth  grade  of  membership,  or  to  include 
them  in  one  of  the  present  grades.  It  was  thought  that  the  asso- 
ciate grade  might  be  made  inclusive  of  these  two  classes.  The 
man  who  has  the  qualifications  of  membership  is  eligible  to  pro- 
motion to  member  after  passing  thirty  years  of  age ;  the  other  is 
not,  no  matter  how  old  he  is. 

As  to  Mr.  Piatt's  second  question,  that  is  covered  in  Article  12, 
"  Persons  desiring  to  change  their  grade  of  membership  from 
junior  to  associate,  or  from  associate  to  member,  shall  make  an 
application  in  the  same  manner  and  on  the  same  form  as  that 
required  for  a  new  applicant."  That  is  to  sa}^  the  usual  and 
expected  procedure  for  a  junior  who  passes  the  twenty-six-year 
limit  will  be  his  promotion  into  the  associate  grade,  and  on  pass- 
ing the  thirty-3^ear  limit  he  will  be  eligible  for  further  promotion. 
But  it  is  not  the  intent  to  compel  this  double  change  unless  the 
junior  desires  it.  He  can  remain  a  junior  till  he  has  passed  the 
age  limit,  and  then  seek  promotion  to  full  membership  at  one 
step.  It  is  expected  the  double  step  will  be  the  most  usual,  as  the 
associate  has  a  vote  for  officers  and  members,  and  the  junior  has 
not. 

The  text  of  the  amendments,  Avhich  were  then  before  the 
Society  for  action,  as  amended  by  vote  of  the  Council,  with  respect 
to  the  minor  verbal  infelicities,  was  as  follows : 

Art.  2.  All  persons  connected  with  engineering  may  be  eligible  for  admission 
into  the  Society. 

Aet.  3.  The  Society  shall  consist  of  Honorary  members,  Members.  Associates, 
and  Juniors. 

Art.  4.  Honorary  members,  not  exceeding  twenty-five  in  number,  may  le 
elected.     They  must  be  persons  of  acknowledged  professional  eminence. 

Art.  5.  To  be  eligible  as  a  member,  the  candidate  must  be  not  less  than 
thirty  years  of  age,  and  must  have  been  so  connected  with  engineering  as  to  be 
competent  as  a  designer,  or  as  a  constructor,  or  to  take  responsible  charge  of 
work  in  his  department,  or  he  must  have  served  as  a  teacher  of  engineering  for 
more  than  five  years. 

Art.  6.  To  be  eligible  as  an  associate,  the  candidate  must  be  not  less  than 
twenty-six  years  of  age,  and  must  have  the  other  qualifications  of  a  member  ; 
or  he  shall  have  been  so  connected  with  engineering  as  to  be  competent  to  take 
charge  of  work  and  to  cooperate  with  engineers. 

Art.  7.  To  be  eligible  as  a  junior,  the  candidate  must  have  had  such  engi- 
neering experience  as  will  enable  him  to  fill  a  responsible  position,  or  he  must  be 
a  graduate  of  an  engineering  school. 
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Akt.  S.  All  Lonornry  members,  member.-^,  and  associates  shall  be  equally 
entiiled  to  the  privileges  of  membership.  Juuiors  shall  not  be  entitled  to  vote, 
nor  to  be  otficers  of  the  Society. 

Art.  9.  Nominees  for  honorary  membership  must  be  proposed  by  at  least  five 
members  who  are  not  officers  of  the  Society.  References  shall  not  be  required 
of  a  nominee  for  honorary  membersbip,  but  the  grounds  upon  which  the  appli- 
(ation  is  made  must  be  fully  set  forth  in  writing  and  signed  by  the  proposers. 

AuT.  10.  A  candidate  for  admission  to  the  Society,  as  a  member  or  as  an  asso- 
ciate, must  make  an  applirati(m  on  a  form  to  be  prepared  by  the  Council,  which 
shall  contain  a  written  statement  giving  a  completer  account  of  his  engineerint; 
experience,  and  an  agreement  that  he  will,  if  elected,  conform  to  the  laws,  rules, 
and  requirements  of  the  Society.  He  must  lefer  to  at  least  five  members  or 
associates  personally  known  to  him.  A  candidate  for  admission  to  the  Society 
as  a  junior  must  mnke  an  application  on  the  same  form,  and  refer  to  not  less 
tlian  three  members  or  associates  personally  known  to  him. 

Art.  11.  The  referees  for  each  candidate  for  admis-ion  to  the  Society  shall  be 
requested  to  make  a  confidential  communication  on  a  form  to  be  prepared  by 
the  Council,  setting  forth  in  detail  such  information,  personally  known  by  the 
referee,  as  shall  eiia\)le  the  Council  to  arrive  at  a  proper  e>timate  of  the  eligi- 
bility of  the  candidate  for  admission  to  the  Society.  Such  confidential  commu- 
nications shall  be  destroyed  by  the  secretary  as  soon  as  the  vole  has  been 
officially  declared. 

Art.  12.  All  applications  for  membeiship  must  be  presented  to  the  Council, 
and  ihis  body  shall  consider  each  application,  assigning  to  each,  with  the  appli- 
cant's consent,  the  gade  in  the  Society  To  which,  in  its  opinion,  his  qualifications 
entitle  him.  The  names  of  those  candidates  lecommended  by  the  Council  for 
election  by  the  Society  shall  be  immediately  printed  on  a  ballot,  and  the  ballot 
mail-d  at  once  by  the  secretary  to  each  voting  member  of  the  Society.  Persons 
desiring  to  change  their  grade  of  merabershi|)  from  junior  to  associate,  or  front 
associate  to  member,  shall  make  an  application  in  the  same  manner  and  on  the 
Hame  form  as  that  required  for  a  new  applicant. 

Art.  I'i.  A  member  entitled  to  vote  may  leave  the  name  of  any  candidate  on 
the  bal'ot  untouched  to  vote  in  favor  of  the  admis.sion  of  the  candidate  to  the 
Society,  or  he  may  erase  the  name  to  vote  against  it.  He  shall  enclose  the  bal- 
1  -ts  so  ajiproved  by  him  in  a  sealed  blank  envelope,  and  enclo.-e  this  envelope  in 
a  second  envelope,  on  which  b(^  sliall  wiite  his  name  and  mail  the  same  to  the 
hecretary  of  the  Society.  A  ballot  without  such  indorsement  shall  be  rejected  as 
defective.     'Die  rej^ciion  f»f  a  candidate  by  seven  voters  shall  defeat  his  election. 

Art.  14.  The  aforesaid  envelopes  containing  the  ballots  shall  be  opened  by 
the  Coancil,  at  any  meeting  thereof,  and  the  names  of  those  elected  shall  be 
announced  in  the  next  meeting  of  the  Society.  The  names  of  applicants  not 
elected  hhill  not  be  announced,  nor  recorded  in  the  proceedings. 

Akt.  15.  Endorsers  of  any  applicant  not  elected  may,  within  three  months 
aft^T  Huch  failure  to  be  elected,  lay  before  the  Council  written  evidence  that  an 
error  was  then  made.  'I'he  Council  may  then,  by  a  three-fourths  vote,  order 
another  ftitnilar  ballot  by  the  Society,  in  which  case  thirteen  negative  votes  shall 
\te  required  to  defeat  the  candidate. 

Art.  10.  Hoi.orary  members  shall  be  elected  by  the  unanimous  vote  of  the 
Council,  through  a  letter  balh^t.  not  lens  than  sixty  days  subse(|uent  to  the  i)ro- 
pofial,  a  notice  of  which  pro|)0.«jed  election  shall  have  been  mailed  at  once  by  the 
secretary  to  each  member  of  the  Council. 
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Akt.  17.  Each  person  elected,  excepting  honorary  members,  must  subscribe 
to  the  rules  of  the  Society,  and  pay  the  initiation  fee  before  he  can  receive  a  cer- 
tificate entitling  him  to  the  rights  and  privileges  of  tbe  Society,  and  to  wear  the 
emblem  appropriate  to  his  grade.  If  this  payment  is  not  made  within  six 
month-^  of  the  election,  the  same  shall  be  void,  unless  the  time  is  extended  by 
the  Council.  The  emblems  of  each  grade  of  membership  shall  be  worn  by  those 
only  who  belong  to  that  grade. 

Art.  18.  The  initiation  fee  of  a  member  or  an  associate  shall  be  twenty-five 
dollars,  and  the  annual  dues  shall  be  fifteen  dollars,  payable  in  advance.  The 
initiation  fee  of  a  junior  shall  be  fifteen  dollars,  and  his  annual  dues  ten  dollars, 
payable  in  advance.  A  junior  being  promoted  to  any  other  grade  of  membership 
shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any  member  or  associate  may 
become  a  life  member  in  the  same  grade,  by  the  payment  of  two  hundred  dollars 
at  one  time,  and  shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by  unanimous  vote, 
through  a  letter  ballot,  to  admit  to  life  membership,  without  the  payment  of  the 
sum  above  named,  such  person  as  for  a  long  term  of  years  has  been  a  member 
or  an  associate,  when  such  a  procedure  would,  in  its  judgment,  be  for  the 
best  interests  of  the  Society  ;  provided  that  notice  of  such  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council. 

Art.  19.  Any  member  of  the  Society  in  arrears  may,  at  the  discretion  of  the 
Council,  be  deprived  of  the  publications  of  the  Society;  or,  when  in  arrears  for 
one  year,  he  may  be  stricken  from  the  list  of  members.  Such  persons  may  be 
restored  to  the  privileges  of  membership  by  the  Council  on  payment  of  all 
arrears. 

Art.  26.  Five  members  of  the  Council  shall  constitute  a  quorum.  Members 
of  the  Council  absent  from  a  meeting  may  vote  by  letter  upon  subjects  stated  in 
the  call  for  the  meeting,  said  vote  to  be  deposited  with  the  Secretary. 

Art.  29.  It  shall  be  the  duty  of  the  Publication  Committee  to  receive  all 
papers  contributed,  and  to  decide  upon  which  papers,  or  parts  of  the  same,  shall 
be  presented  at  the  professional  meetings  of  the  Society.  They  shall  see  that  all 
editorial  revisions  of  the  proceedings,  papers,  discussions,  and  reports  are  made, 
and  to  decide  what  parts  of  the  same  shall  be  published  in  the  proceedings  of 
the  Society.  The  Council  may,  at  its  discretion,  revise  any  action  of  the  Publi- 
cation Committee. 

Art.  3").  The  annual  meeting  of  the  Society  shall  be  held  on  the  first  Tuesday 
of  December  of  each  year,  in  the  City  of  New  York,  unless  otherwise  ordered  ; 
at  which  a  report  of  proceedings  and  an  abstract  of  the  accounts  shall  be  fur- 
nished by  the  Council.  The  Council  may  change  the  place  of  the  annual  meet- 
ing, and  shall,  in  thac  case,  give  timely  notice  to  members  and  associates. 

Mr.  George  Hill. — It  seems  to  me  that  tbe  new  Article  3  of  the 
proposed  rules  raises  a  question  which  has  been  before  the  minds 
of  the  members,  not  only  of  this  Society,  but  of  the  other  great 
technical  societies  of  the  world.  The  solution  which  is  preferred 
by  the  Institution  of  Civil  Engineers  of  Great  Britain,  and  by  the 
American  Society  of  Civil  Engineers,  is  one  which  everybody 
understands,  and  which  has  had  a  meaning  well  fixed  upon  it  by 
usage.     In  these  societies  the  man  who  lacks  only  age  as  a  qualifi- 
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cation  for  membership,  is  labelled  an  associate  member,  although  the 
term  is  open  to  criticism  as  not  being  good  English.  Similarly, 
the  term  "  associate''  has  been  used  to  designate  the  non-profes- 
sional man,  and  it  seems  to  me  that  this  Society  is  likely  to  make 
a  mistake  by  proposing  a  solution  so  totally  at  variance  from  that 
adopted  by  the  other  societies,  and  giving  to  the  word  "  associate" 
not  only  a  double  sicrnificance,  but  one  which  is  at  variance  with 
the  accepted  designation.  I  would  propose  that  there  be  created 
five  grades,  instead  of  four,  to  be  known  as  Honorary  Members, 
Members,  Associate  Members,  Associates,  and  Juniors.  If,  now, 
this  Society  adopts  an  entirely  different  definition  for  the  term 
'*  associate,-'  or  rather  a  dual  definition  which  will  not  be  clear, 
except  to  the  initiated,  I  feel  sure  that  confusion  will  be  the  result. 
From  what  we  have  just  been  told,  the  associate,  under  the  pro- 
posed rules,  may  mean  either  a  first-class  mechanical  engineer  less 
than  thirty  years  of  age  and  more  than  twenty -six,  or  it  may 
mean  a  manufacturer,  or  a  financial  oflBcer  of  some  manufacturing 
company  ;  and  when  from  a  business  man's  card  or  ktter  head  we 
read  the  words  "  Associate  A.  S.  M.  E."  no  one  will  be  able  from 
that  designation  to  determine  his  professional  status.  We  may 
have  two  men  side  by  side,  one  gray-haired,  with  his  spurs  won  by 
his  successful  ability  as  a  manufacturer,  and  the  other  may  be  a 
newly  elected  treasurer  or  salesman,  who  seeks  to  secure  coopera- 
tion with  engineers. 

But  this  is  not  the  principal  change  which  I  suggest.  I  myself 
have  been  a  sufferer  on  account  of  lapses  in  rules,  which  I  would 
endeavor  to  correct,  and  which  I  have  here  reduced  to  writing,  in 
the  form  of  amendments  to  the  proposed  amendments.  They 
depend  upon  three  principles,  which  in  my  judgment  should  be 
considered  together  or  not  at  all ;  and  if  it  is  inconvenient  to  give 
them  prolonged  discussion  and  adequate  consideration  at  this 
time,  I  would  prefer  not  to  put  myself  in  the  position  of  offering 
any  amendments,  as  such,  at  this  time,  but  would  withdraw  them 
for  the  present,  and  bring  them  up  as  new  propositions  at  a  later 
date. 

I  am  heartily  in  favor  of  the  proposed  amendments  as  an  ad- 
vance over  our  present  rules,  and  gladly  become  a  seconder  to  the 
proposition  to  adopt  them  as  they  stand,  with  the  minor  correc- 
tions suggested  to  be  incorporated  by  the  Council.  At  the  same 
time  I  give  notice  of  my  intention,  under  Article  45,  in  reference 
to  amendments,  to  present  for  consideration  what  I  consider  im- 
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provements  in  Articles  3,  6,  8,  10,  11,  12,  13,  15,  18,  and  that  I 
propose  to  insert  a  new  Article  26,  covering  a  method  for  the  sever- 
ance of  relations  to  the  Society,  and  new  Articles  36  and  37,  in 
reference  to  the  holding  of  meetings  in  various  cities,  and  the 
publication  of  the  Society's  Transactions  in  monthly  issues,  to- 
gether with  the  necessary  renumbering  of  articles  which  these 
amendments  will  involve. 

Mr.  Oherlin  Smith. — There  is  some  logic  in  what  Mr.  Hill  has 
said  about  a  man  having  a  dual  existence,  and  your  not  knowing 
what  he  is  when  you  see  his  card.  But  it  seems  to  me  the  question 
is  whether  it  is  simpler  to  have  four  grades  or  five  grades.  We  do  not 
want  to  multipl}^  them.  We  do  not  want  the  names  '^  associate  " 
and  "  associate  member,"  which  sound  too  nearly  alike.  Further- 
more, if  a  junior  member  does  not  want  to  go  through  the  grade 
of  associate,  and  thus  be  suspected  of  being  a  rich,  financial  man, 
the  logical  way  is  for  him  to  wait  until  he  is  thirty,  and  be  a 
junior  meantime.  Let  the  associates  be,  as  they  have  been,  a  doiibt- 
fxd  class,  whom  we  must  not  trust  to  be  first-rate  engineers,  for 
fear  they  may  turn  out  to  be  only  millionnaires,  who  are  sometimes 
useful  in  their  place.  If  any  junior  wants  to  go  into  that  grade 
for  four  years  and  then  come  out  of  it,  it  does  no  harm,  only  he 
must  risk  the  loss  of  reputation  he  may  suffer  by  being  in  that 
grade,  and  being  considered  merely  rich. 

The  motion  on  the  adoption  of  the  rules,  subject  to  the  slight 
verbal  modifications  above  referred  to,  was  then  put  by  the  Presi- 
dent, and  passed  unanimously. 

The  Committee  on  Uniform  Methods  of  Tests  and  Testing 
Materials  presented  through  its  reporter,  Mr.  G.  C.  Henning,  a 
report  of  progress  ;  and,  in  connection  with  that  report,  a  mono- 
graph by  Mr.  W.  J.  Keep  of  Detroit  was  presented,  under  the 
title  of  Relative  Tests  of  Cast  Iron.  Mr.  Keep's  monograph  re- 
ceived discussion  by  Messrs.  Estrada,  West,  Mumford,  Fritz,  and 
Cartwright,  and  is  published  as  one  of  the  papers  of  the  meeting 
hereafter.     The  report  of  the  Committee  was  as  follows : 


PRELIMINARY  REPORT  OF  COMMITTEE  ON   TESTS  AND  METHODS 

OF   TESTING   MATERIALS. 

The  Committee  during  the  past  summer  has  gone  into  the  mat- 
ter of  investigating  methods  and  shapes  of  test-pieces  appropriate 
to  determine  the  true  qualities  and  characteristics  of  cast  iron. 
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The  work  covered  nninerous  series  of  tests  made  on  multiple 
pieces  of  all  the  different  shapes  of  bars  heretofore  used  by 
engineei-s,  builders,  founders,  and  others,  both  in  this  countrj^  and 
abroad. 

Such  test-bars  were  all  prepared  in  a  precisely  identical  manner, 
in  order  to  eliminate  accidental  variations  as  much  as  possible, 
^loreover,  two  kinds  of  material  were  used,  and  the  silicon  w^as 
varied  in  a  regular  manner  to  determine  whether  quality  and 
composition  would  affect  results  of  methods  as  of  shapes.  It  is 
intended  to  make  further  series  of  tests  with  two  or  three  other 
kinds  of  pig  metal  in  order  to  coverall  ordinary  grades  in  common 
use.  This  work  has  been  very  voluminous,  and  hence  could  not  be 
completed,  but  it  is  so  far  advanced  that  the  committee  feel  war- 
ranted in  promising  a  complete  report  for  the  summer  meeting, 
1S95.  It  is  the  plan  of  the  Committee  to  prepare  all  of  its  investi- 
gations complete,  at  once,  in  order  that  the  members  of  your 
Committee  can  each  for  himself  write  monographs  on  certain 
points  which  the  tests  and  investigation  may  develop,  the  same  as 
has  been  done  by  Mr.  W.  J.  Keep,  who  will  present  his  con- 
clusions this  morning.  In  this  paper  the  effect  of  silicon,  tempera- 
ture, and  size  of  test-bar  are  discussed  without  relation  to  actual 
strength,  which  will  be  taken  up  later.  When  the  great  mass  of 
information  thus  obtained  has  been  thoroughly  studied,  the  Com- 
mittee  will  be  in  a  position  to  draw  up  a  report. 

However,  as  the  Committee  is  without  funds,  we  feel  it  necessary 
to  ask  for  voluntary  assistance  in  our  work  in  two  directions.  The 
Committee  will  furnish  patterns  and  flasks,  but  is  in  need  of  test- 
bars  cast  from  them  of  gun  iron,  chill  roll,  and  heavy  machinery 
grades;  and  as  finished  bars  must  also  be  investigated,  we  desire 
to  ask  for  volunteers  w^ho  will  kindly  finish  a  number  of  these 
test- bars. 

Gus.  C.  Henning, 
*      Chas.  H.  Morgan, 
W.  J.  Keep, 
E.  D.  Estrada. 

The  other  paper  of  the  morning  session  was  by  Geo.  M.  Sin- 
clair, entitled  ''  Notes  on  Steel  Forgings,"  discussed  by  Mr.  Kent. 

On  motion,  adjourned  until  evening,  and  the  members  were 
invited  to  a  luncheon  served  at  the  close  of  the  session  in  the 
lower  room  of  the  house. 
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Tuesday  afternoon,  like  the  succeeding  afternoons,  was  left 
without  definite  assignment.  Excursion  parties  could  be  made  up 
to  visit  points  in  or  around  Xew  York,  of  which  a  list  was  fur- 
nished, or  the  time  spent  in  social  and  professional  interchange 
at  the  Society's  house,  in  its  library  or  smoking-rooms.  The 
luncheon  in  the  house  was  specially  designed  to  keep  as  many  as 
possible  centred  around  the  headquarters  to  give  others  a  chance 
to  meet  them  and  get  to  know  them.  It  was  desired  thus  both  to 
give  all  guests  the  chance  to  do  what  pleased  them  best,  and  avoid 
making  a  restless  hospitality  burdensome  to  those  who  were  to 
enjoy  it.  Resident  members  acted  as  guides  to  places  of  interest, 
or  the  time  could  be  utilized  for  business  or  other  appointments. 

Third  Session. — Tuesday  Evening,  Decembek  4th. 

On  the  reassembling  of  the  Society  in  the  Convention  Hall  at 
8.15  in  the  evening,  Mr.  Forney  spoke  as  follows,  in  presenting  a 
series  of  resolutions  : 

Mr.  M.  JS^.  Forney. — If  new  business  is  now  in  order,  I  desire  to 
bring  up  the  question  of  the  advisability  of  holding  monthly  meet- 
ings of  members  of  the  Association  in  ^ew  York,  for  the  discussion 
of  such  technical  subjects  as  we  are  all  or  should  all  be  interested  in. 
During  the  past  winter  a  series  of  such  meetings  were  held  in  this 
room,  which  it  was  thought  by  at  least  some  of  those  who  attended 
them  were  sufficiently  successful  to  warrant  their  continuance.  In 
order,  therefore,  to  bring  the  subject  up  for  discussion  I  will  offer 
the  following  resolution  : 

Resolved,  That  the  Council  be  hereby  requested  to  appoint  a  committee  of  five 
members  to  arrange  for  a  series  of  monthly  meetings,  to  be  held  in  this  room 
during  the  followintr  year;  that  the  Committee  be  authorized  to  select  and  appoint 
a  chairman  to  preside,  to  fix  dates  for  holding,  and  to  issue  calls  for  such  meet- 
ings; select  subjects  for  consideration,  and  speakers  to  present  and  discuss  them  ; 
arrange  the  order  of  proceedings,  and  make  all  necessary  rules  for  the  conduct  of 
such  meetings;  solicit  subscripiions  to  defray  the  expenses  thereof,  and  audit  and 
pay  all  bills  incurred  for  such  expenses,  and  fill  vacancies  which  may  occur  dur- 
ing the  period  named. 

The  mQtion  being  seconded,  Mr.  Forney  proceeded  to  state : 
Mr.  Forney. — My  object  in  presenting  the  resolution  is  to  get 
a  full  expression  of  opinion  of  members,  especially  the  non-resi- 
dents, with  reference  to  the  advisability  of  holding  such  meetings. 
The  discussion  and  consideration  of  technical  subjects  is  the  first 
and  most  important   object   for  which  we  are  organized.     This 
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Society  is  not  intended  to  be  a  social  club  nor  a  trade  union.  It 
is,  or  should  be,  an  association  of  skilful,  scientific,  and  practical 
enofineers.  who.  when  thev  meet  tof^ether,  should  contribute  the 
results  of  their  ripest  experience,  most  profound  knowledge  and 
observation,  to  the  conferences  which  are  held  here.  Every  other 
object,  it  is  believed,  should  be  subordinated  to  making  the  dis- 
cussions which  are  held  under  the  auspices  of  this  Association 
interesting  and  pi'ofitable.  The  aim  should  be  to  make  such 
occasions  dignified  meetings  for  scientific  discussion,  and  not  occa- 
sions for  jollification  and  social  enjoyment  alone,  excepting  so  far 
as  those  who  attend  them  may  derive  pleasure  from  receiving 
and  imparting  knowledge.  The  meetings  should  be  of  such  a 
character  that  we  would  all  feel  proud  to  bring  any  distinguished 
persons  to  attend  them  ;  and  whenever  any  eminent  mechanical 
engineer  should  visit  New  York,  he  should,  as  a  matter  of  course, 
be  invited  to  attend  them.  In  this  way  the}^  would  become  inter- 
changes of  engineering  experience,  which  would  bring  to  us  here 
the  results  of  the  labors  of  engineers  in  all  parts  of  not  only  this 
country,  but  the  world  over. 

It  has  been  argued  against  the  advisability  of  holding  such 
meetings  as  are  contemplated,  which  could  be  attended  by  only 
a  small  proportion  of  the  non-resident  members,  that  they  would 
give  the  Society  a  local  character,  and  take  from  it  the  broader 
national  scope  which  it  is  intended  to  have,  and  that  dissatisfac- 
tion would  result  if  the  resident  members  derived  advantages  from 
such  meetings  w^hich  the  non-residents  could  not  share.  If  that 
feeling  exists  to  any  considerable  extent,  it  may  be  a  reason  for 
not  meeting  together  here  once  a  month  to  discuss  subjects  for  the 
consideration  of  which  we  are  organized  into  a  Society,  and  we 
would  then  have  the  curious  anomaly  that  the  members  of  a 
mechanical  engineers'  association  are  not  to  have  the  privilege  of 
doing  exactly  what  they  are  organized  for,  excepting  under  re- 
strictions which  in  a  great  measure  would  defeat  the  purposes 
for  which  they  are  so  organized. 

In  another  association  of  which  I  have  the  privilege  of  mem- 
bership, the  monthly  meetings,  which  are  held  in  this  i^oom,  are 
occasions  of  many  pleasant  reunions  of  resident  and  non-resident 
meml)ers.  Those  who  have  not  the  inestimable  privilege  of  living 
under  the  benign  government  of  Tammany  Hall,  make  it  a  prac- 
tice to  arrange  their  business  so  as  to  be  in  New  York  at  the 
times  of  the  monthly  meetings  referred  to,  and  it  is  believed  that 
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the  usefulness  of  the  parent  organization — the  Master  Car  Build- 
ers' Association — which  meets  annually,  is  very  much  promoted 
by  the  monthly  meetings,  which  are  held  not  only  in  I^ew  York, 
but  in  Boston,  Buffalo,  and  Chicago  as  well.  A  similar  result,  I 
confidently  believe,  will  follow  the  holding  of  local  monthly  meet- 
ings of  members  of  this  Society  here,  and,  perhaps,  in  other  cities 
as  well. 

Mr.  J.  F.  Ilolloway. — Xot  being  among  the  class  of  non-resi- 
dent members,  I  have  waited  for  some  non-resident  member  to 
speak  on  this  matter,  and  what  I  ma}^  say  in  regard  to  it  will  cer- 
tainly not  apply  to  m3'self  as  being  a  non-resident  member.  I 
wish  to  say  in  advance  that  the  meetings  of  last  winter  were  ex- 
ceedingly pleasant,  and,  I  think,  of  very  considerable  benefit ;  and 
I  wish  also  to  say  that  a  great  deal  of  credit  belongs  to  Mr.  For- 
ney for  having  gotten  them  up.  [N'ow  I  think  that  it  will  be 
found  that  the  constitution  and  by-laws  of  this  Society  provide 
for  all  the  meetings  which  it  can  properly  hold  as  a  society,  and 
that  if  additional  meetings  are  to  be  held  during  the  winter,  or 
any  other  time,  the  basis  on  which  the  Society  is  organized  should 
be  changed  to  a  certain  extent.  I  feel  that  this  is  a  society  that 
extends  broadly  all  over  the  United  States,  having  members,  I 
think,  in  almost  every  State,  and  who  contribute  equally  towards 
its  support.  Those  living  in  the  far  West  pay  for  its  support  as 
much  as  we  do  in  Xew  York,  and  I  have  the  feeling  that  if  meet- 
ings are  held  here  under  the  auspices  of  the  Society  every  t^lb 
weeks  or  so,  during  the  winter,  that  a  man  who  lived  in  Ohio, 
Michigan,  or  California  might  very  properly  feel  that  the  New 
York  members  were  getting  a  good  deal  more  out  of  the  Society 
than  he  was.  Now,  this  is  a  national  society,  and  I  think  the  aim 
of  this  Society  is,  that  every  man,  wherever  he  lives,  should  have 
an  equal  interest  in  the  Society  in  every  way,  and  an  equal  right  to 
participate  in  all  its  benefits  ;  and  I  think  that  if  we  should  adopt 
the  resolutions  offered  by  Mr.  Forney  it  will  prove  that  we  Avho 
are  in  New  York,  and  who  can  avail  ourselves  of  these  extra  meet- 
ings, are  really  getting  a  good  deal  more  out  of  the  Society  than 
anybody  else  can.  One  of  the  things  that  are  fundamental  to  this 
Society,  as  I  said  before,  is  the  fact  that  we  are  all  equal.  We  are 
equal  in  participating  in  its  benefits,  and  we  are  equal  in  paying 
the  expense.  I  am  heartily  in  favor  of  the  meetings,  and  would 
be  very  glad,  indeed,  to  have  meetings  held  here,  but  I  think  they 
should  be  under  some  other  auspices  than  those  of  the  Society.     I 
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think  that  a  chib  or  an  association  of  gentlemen  may  get  together 
and  have  meetings  here,  receive  their  benefits,  and  pay  the  ex- 
penses of  them,  and  I  am  sure  that  no  man,  wherever  he  hves, 
would  object.  But  they  should  not  be  meetings  of  the  Society. 
They  should  be  meetings  of  members  of  the  Society,  and  other 
irentlemen  as  well,  who  would  be  interested  in  them.  I  think  this 
is  a  subject  that  ought  to  be  very  carefully  considered  before  this 
innovation  in  the  workings  of  the  Society  is  adopted.  What  I 
have  said  in  the  matter  I  have  said  in  behalf  of  the  out-of-town 
members,  and  of  what  I  believe  to  be  for  the  best  interests  of  all 
the  members. 

Mr.  Gantt. — It  seems  to  me  that  Mr.  Hollo  way  has  voiced  the 
sentiment  of  a  great  many  of  the  out-of-town  members,  and  for 
my  part,  I  am  willing  to  support  that  idea  entirely. 

Mr.  Xewcomh. — I  am  an  out-of-town  member,  and  probably  do 
not  get  here  very  often  either.  I  do  not  agree  with  Mr.  Hollo- 
way.  I  cannot  see  any  objection  to  this  association  having  its 
meetings  here  once  in  two  weeks  if  they  want  to,  or  oftener.  We 
can  get  the  benefit  in  the  papers.  I  do  not  want  to  shut  anybody 
else  off  from  having  a  good  time  because  I  cannot  be  there 
myself. 

Mr.  Francis  II.  Richards. — This  is  a  matter  about  which  I  have 
been  thinking,  and  in  the  line  of  the  remarks  of  the  last  speaker. 
It  is  reall  V  a  ^ood  thinfj^  to  have  these  occasional  meetinofs,  althouf^h 
A  an  out-of-town  member  I  can  attend  onlv  a  few  of  them.  At 
the  Siime  time  there  is  some  ground  for  what  Mr.  Ilolloway  has 
said.  It  seems  to  me  the  matter  of  expenses,  etc.,  can  be  arranged 
by  subscription  or  otherwise.  These  winter  meetings  are  more  in- 
formal than  the  regular  sessions  of  the  Society,  and  therefore  will 
be  an  op|)ortunity  for  those  who  would  not  take  part  in  the  regular 
meetings,  and  who  would  not  present  papers  to  the  Society.  The 
Society  will  get  a  great  deal  of  material  which  otherwise  would  be 
withheld.  Abstracts  of  the  proceedings  of  these  meetings  could 
be  edited  by  the  Publication  Committee  and  incorporated  in  the 
annual  rep^'ts,  subject  to  the  committee's  approval ;  and  these 
contributions  will  naturally  furnish  suggestions  for  other  papers 
by  the  sam<;  and  other  contributors.  During  the  past  year  I  re- 
moTnl>er  espficially  one  or  two  of  these  meetings  which  I  had  the 
pleasure  of  attending.  The  one  on  the  suV)ject  of  ''  Testing  Ma- 
chines," I  think,  was  second  in  interest  and  value  to  none  that  have 
been  held  by  this  Society  anywhere.    I  should  be  glad  if  the  good 
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work  that  was  clone  last  winter  could  be  continued  this  winter. 
But  I  think  that  in  view  of  the  advantages  afforded  the  local  mem- 
bership by  these  meetings  held  in  the  home  of  the  Society,  the 
proceedings  should  be  reported  in  full,  and  the  volumes  added  to 
the  Society's  library,  and  that  a  suitable  committee  should  make  an 
abstract  of  that  report  as  a  contribution  to  our  Transactions.  In 
this  way  any  visiting  member  may  have  access  to  the  complete 
report,  and  the  entire  membership  will  have  directly  a  share  in  the 
benefits. 

Mr.  C.  E.  Hart. — I  heartily  agree  with  the  sentiment  just  ex- 
pressed by  Mr.  Eichards.  It  seems  to  me  that  as  non-resident 
members,  we  should  not  seek  in  the  slightest  degree  to  deprive 
those  of  any  benefits  who  happen  to  be  residents  here,  and  who 
contribute  so  much  to  the  success  of  these  annual  New  York 
meetings.  And  further  than  that,  it  seems  to  me  that  the  fact 
that  there  are  meetings  held  everj^  month  here,  and  that  profes- 
sional questions  are  discussed,  will  make  this  Society's  home  a 
point  of  very  great  interest  and  value  to  each  and  every  member 
of  the  association  whether  he  has  the  opportunity  to  be  present  at 
those  meetings  or  not.  He  can,  as  has  been  suggested,  have  an 
opportunity  to  read  an  abstract  of  the  report  of  the  meeting,  and 
can  get  some  benefit ;  and  even  if  he  does  not,  the  fact  that  this 
association  is  constantly,  during  the  entire  year,  contributing  to 
mechanical  knowledge  by  these  discussions,  it  seems  to  me,  is 
valuable  to  each  and  every  member  whether  he  is  able  to  be 
present  or  not.  I  heartily  favor  the  project  as  an  out-of-town 
member. 

Mr.  W.  R.  Warner. — I  live  out  among  the  buffaloes  and  Indians 
of  Ohio,  and  I  know  that  several  of  our  members  out  there,  in 
arranging  to  come  to  this  little  village,  look  forward  and  plan  to 
have  their  visits  timed  to  occur  when  these  meetings  are  to  beheld. 
I  have  heard  several  say,  "  [N'ow  I  will  be  present  at  that  engi- 
neers' meeting;"  and  I  believe  that  while  it  is  very  generous  on 
the  part  of  this  Gothamite  who  emigrated  from  Ohio  to  bring  up 
these  objections  in  his  modest  way,  I  think  that  the  out-of-town 
members  would  most  heartily  endorse  the  other  view,  and  favor 
the  plan  of  monthly  meetings.  We  want  to  come  down  here 
once  in  a  while,  and  as  there  is  not  much  going  on  in  New  York, 
we  want  something  to  do  of  an  evening.  I  most  heartily  join 
with  Mr.  Richards  and  the  other  gentlemen  who  favor  this  view, 
and  I  hope  these  meetings  will  be  held  so  that  we  can  have  some 
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entertainment  ^Yben  we  come  down  to  New  York.  Another 
point — these  Xew  York  fellows  occasionally  have  bright  ideas, 
and  we  want  to  get  hold  of  them,  and  they  cannot  keep  them 
until  the  next  annual  or  semi-annual  meeting.  Let  them  express 
themselves  here,  and  send  us  the  report  of  their  doings. 

Mv.  Forney's  resolution  was  then  put  and  carried. 

The  technical  papers  of  the  evening  were  then  presented  and 
discussed.  That  of  the  Messrs.  \Yebber,  reporting  "  Tests  of  a 
Vertical,  Triple-Expansion  Condensing  Pumping-Engine,"  at  the 
Trenton  water- works,  being  discussed  by  Dr.  C.  E.  Emery  ;  the 
joint  paper  of  Professors  Peabody  and  Miller,  on  "  Tests  of  the 
Triple-Expansion  Engine  "  at  the  Massachusetts  Institute  of  Tech- 
nology, was  discussed  by  Professor  Jacobus. 

Tlie  report  of  the  Society's  committee  on  "  Standard  Gauges 
for  Thickness  of  AVire  and  Metal,"  presented  its  report  of  progress 
through  its  Chairman,  Professor  Egleston.  The  report  was  as 
follows : 

To  THE  American  Society  of  Mechanical  Engineers  : 

Gentlemen:  The  Committee  on  Gauges  respectfullj^  report 
that  during  the  past  year  they  have  corresponded  with  a  number 
of  Amei'ican  Societies,  but  that  only  one  has  taken  any  definite 
action.  On  November  Tth  they  met  by  appointment  in  Philadel- 
phia a  committee  of  the  American  Raihvay  Master  Mechanics- 
Association.       At  this  meeting   the  following    resolutions  w^ere 


"  Revolted,  That  we,  the  members  of  the  Joint  Committee  of  the  American 
Society  of  Mechanical  Engineers  and  the  American  Kailway  Master  Mechanics' 
AHSOciation,  earneatly  deprecate  the  use  of  any  of  the  numerous  wire  and  sheet 
metii]  or  other  trade  gauges  now  in  vogue,  and  strongly  urge  the  use  of  thou- 
sandthH  of  an  inch  for  all  kinds  and  classes  of  small  measurements. 

"  In  practice  we  recommend  the  use  of  micrometer  calipers  or  notched  gauges, 
the  latter  with  notches  of  dimensions  suited  to  the  convenience  of  the  different 
industries,  and,  where  necessary,  different  selections  of  sizes  in  thousandths  of  an 
inch,  8ait»d  io«-ach  trade,  being  incorp.oratt-d  in  their  working-gauges  ;  provided, 
however,  that  thnse  are  always  dimensioned  in  thousandths  of  an  inch,  and 
niark«d  in  t^-rnis  tliereof,  the  number  of  thousandths  being  marked  opposite  each 
gauge  notch,  thus,  .0(Jl. 

•*  We  further  recommend  that  the  members  of  the  various  engineering  societies 
assist  the  introduction  and  general  adoption  of  this  system  by  using  it  in  their 
own  work." 

Your  Committee  during  the  year  have  corresponded  with  seven 
societies  in  England,  two  in  France,  one  in  Belgium,  one  in  Ger- 
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mam",  one  in  Austria,  and  two  in  Canada,  and  with  influential 
gentlemen  and  prominent  government  officials  in  most  of  these 
countries.  The  result  of  the  correspondence  has  been  that  the 
authorities  in  Engkmd,  as  individuals,  have  ah'eady  declared 
themselves  in  favor  of  the  adoption  of  the  principle  of  giving  the 
measurement  of  diameters  and  thicknesses  in  a  decimal  system, 
and  of  the  abolition  of  the  present  gauge  system.  They  have 
unhesitatingly  said  that  they  not  only  preferred,  but  would  advo- 
cate, a  decimal  system,  and  that  they  would  prefer  the  100th  of  a 
millimetre  as  a  measure,  though  they  did  not  think  it  wise  to  ad- 
vocate it  at  the  present  time,  but  that  thev  were  unequivocally  in 
favor  of  abolishing  the  whole  system  of  arbitrary  gauges. 

Owing  to  loss  of  letters  by  mail,  the  German  Society  has  taken 
no  action,  but  is  expected  to  do  so  within  a  short  time,  though 
prominent  individuals  in  Germany  have  declared  the  system  pro- 
posed of  recording  diametei^s  and  thicknesses  in  a  decimal  S3"stem 
to  be  the  most  convenient  form  of  measurement,  and  have 
expressed  themselves  decidedly  in  favor  of  abolishing  the  system 
of  arbitrary  gauges. 

The  societies  and  authorities  of  Austria  have  not  been  heard 
from. 

The  French  o^overnment  has  abolished  the  arbitrarv  srauo-e 
svstem  absolutelv,  and  has  made  the  leo^al  measurement  to  be 
the  100th  of  a  millimetre. 

The  action,  therefore,  seems  likely  to  be  unanimous  in  favor  of 
the  abolition  of  arbitrary  gauges,  and  of  adopting  a  decimal  system 
for  diameters  and  thicknesses. 

The  authorities  in  some  of  these  countries  have  been  anxious 
that  their  governments  should  be  solicited  to  abolish  the  gauge, 
and  have  pointed  out  to  the  committee  the  way  of  doing  it. 

The  Canadian  Society  of  Civil  Engineers  have  appointed  a 
Committee  to  cooperate  with  your  Committee. 

The  only  decisive  action  of  the  year  has  been  the  abolishing  of 
the  arbitrary  gauge  system  by  the  French  government,  which  is 
a  decided  progress. 

The  Committee  therefore  propose  that  this  Society  recommend 
to  its  members  and  other  societies  in  the  United  States  to  abandon 
the  system  of  arbitrary  gauges,  and  to  use  a  decimal  system  giv- 
ing the  actual  thicknesses  and  diameters  of  the  pieces. 

Your  Committee,  therefore,  propose  the  following  resolu- 
tion : 
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Rt'sohtd,  That  the  American  Society  of  Mechanical  Engineers  recommend  to 
their  members,  and  urge  upon  all  persons  using  a  gauge  system,  to  abandon  the 
use  of  arbitrary  gauges,  and  to  give  the  actual  thicknesses  and  diameters  in  a 
decimal  system. 

The  Committee  ask  to  be  continued. 

[Signed]  Tnos.  Egleston, 

G.  T.  Wellman, 
Oberlin  Smith, 
Geo.  M.  Bond, 
Schuyler  S.  Wheeler. 

On  motion,  the  report  of  the  Committee  was  accepted,  and  the 
Committee  continued. 

Professor  E<jIestou. — I  move  the  adoption  of  the  resolution  ap- 
pended to  tlie  I'ejiort. 

Dr.  Emery. — I  will  second  that  motion,  Mr.  Chairman,  and  in 
connection  with  it  say  a  w^ord.  The  system  of  measuring  in  thou- 
sandths of  an  inch  is  already  pretty  well  established,  and  among 
electrical  people,  at  least,  a  thousandth  of  an  inch  is  known  as  a 
•*  mil.-'  It  is  suggested  that  this  term  should  be  understood  gener- 
ally by  all  the  branches  of  the  kindred  profession,  as  it  is  cer- 
tainly very  useful.  Some  call  that  system  the  Edison  system, 
because  in  his  earh^  work  Mr.  Edison  found  it  very  difficult  to 
kee|)  track  of  the  various  gauges,  and  he  had  them  all  put  into 
thousandths  of  an  inch.  In  the  wire  tables  of  manufacturers  the 
sizes  are  designated  by  mils  as  w^ell  as  gauge  numbers,  and  I 
think  that  both  will  be  continued  in  spite  of  all  resolutions. 

Professor  Egleston's  motion  w^as  carried. 

Mr.  Oherlin  Smith. — Is  it  in  order  for  me  to  make  a  slight  cor- 
rection ?  Dr.  Emery's  remarks  unintentionally  might  lead  some  of 
us  to  think  that  in  what  is  known  as  the  Edison  system  the  num- 
fxir  of  mils  involved  in  measurement  was  expressed  in  the  gauge 
number.  That  is  not  so.  The  so-called  Edison  gauge  has  a  set  of 
numlx3rs  of  its  own,  based  on  the  area  of  the  cross-section  of  the 
wires,  entirely  different  from  the  Whitworth  gauge,  which  does 
have  tlje  actual  number  of  mils  expressed  in  its  number. 

Dr.  Eiiierj/. —  I  have  only  heard  of  the  Edison  gauge  incident- 
ally. From  Mr.  Smith's  remarks,  it  appears  that  the  "mil"  as 
now  accei)te<l  is  not  the  same  as  that  of  Edison.  It  is  now 
accepted  as  measuring  one-thousandth  of  a  linear  inch,  besides 
which  tiiere  are  sfpiare  mils  and  circular  mils,  and  the  three  make 
the  system  pretty  nearly  perfect. 
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Dr.  S.  S.  Wheeler. — I  think  Dr.  Emerv's  siio^o-estion  of  usino^ 
the  word  'mil"  is  a  valuable  one,  because  ''mil"  is  shorter  than 
*•  thousandths  of  an  inch,"  and  I  think  that  the  length  of  the  latter 
expression  was  perhaps  one  of  the  most  important  objections  to 
this  proposed  system.  As  to  the  Edison  gauge,  I  have  served  in 
the  Edison  Company  mvself  some  time  in  the  early  days,  and 
handled  a  great  many  of  their  conductors.  They  generally  use 
the  word  ''  mil,"  or  "  circular  mil,"  in  reference  to  the  area  of 
the  conductor,  and  as  the  measure  is  so  small  they  have  to  use 
them  in  thousandths;  so  that  an  Edison  two  hundred  and  fifty 
conductor  means  a  round  bar  having  an  area  of  two  hundred 
and  fifty  thousand  circular  mils. 

Mr.  F.  W.  Dean  presented  three  papers  under  the  following 
titles :  "  Trial  of  a  Leavitt  Pumping  Engine,"  "  Trials  of  a  Recent 
•Compound  Engine  with  a  Cylinder  Ratio  of  7.1,"  "Changing[ 
the  Suction  System  of  a  Pumping  Engine,"  and  in  the  discussion x 
Messrs.  Rock  wood,  Piatt,  Emery,  Kent,  Hale,  and  Towl  tookj 
part.  Professor  Lanza's  paper  on  "Tests  of  the  Strength  ofj 
Spruce  Columns"  closed  the  session.  7 

Fourth  Sessiox. — Wednesday,   December  5th.  b 

q 

This  session  was  convened  at  10.30  a.m.  for  professional  papers. 
Prof.  C.  Y.  Kerr  read  a  paper  on  the  ''  Theory  of  the  Moment  of 
Inertia ; "  discussed  by  Professors  De  Yolson  Wood  and  Lanza. 

Mr.  Chas.  T.  Porter  presented,  under  four  separate  titles,  the 
features  of  a  new  design  of  engine,  as  follows :  "  Comparison  o^i 
the  Action  of  a  Fixed  Cut-off  and  Throttling  Regulation,  with 
that  of  the  Automatic  Variable  Cut-off  on  Compound  and  Tripl^g 
Expansion  Engines,"  "Description  of  a  Cam  for  Actuating  th^g 
Valves  of  High-Speed  Steam  Engines,"  "  Description  of  a^ 
Improved  Steam  Separator  and  an  Improved  Steam  Jacket,j"q 
*' Description  of  an  Improved  Centrifugal  Governor  and  Valve.'JM 

The  debate  was  participated  in  by  Messrs.  Richards,  Rocfe 
wood,  Thurston,  Oberlin  Smith,  Kent,  Binsse,  Dean,  Forney,  an^^ 
Hutton.  (ifii 

Professor  Lanza  presented  his  two  papers  on  "  Stresses  in  tlie» 
Rims  and  Rim-Joints  of  Pulleys  and  Fly-Wheels"  and  on  ''Tl)^) 
Application  of  Brakes  to  the  Truck-Wheels  of  a   Locomotiv^." 
Mr.  Kent  took  part  in  the  discussion.  'uA 

The  final  paper  of  the  session  was  that  by  Prof.  W.   F.  MiJ 
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Goss,  reporting  an  "  Experimental  Stncl}^  of  the  Action  of  the 
Counter-lialance  in  Locomotive  Drive  Wheels  upon  the  Pressure 
of  Contact  between  Wheel  and  Rail."  In  the  interesting  debate 
on  this  papei',  Messrs.  Foi'ney,  Morison,  Webb,  Strong,  Dean, 
Lanza,  Porter,  McGeorge,  and  Oberlin  Smith  took  part. 

The  meeting  then  adjourned. 

The  afternoon,  after  luncheon  served  in  the  banquet-room,  was 
left  free  for  social  opportunity  in  the  house,  for  excursions  ta 
points  of  interest,  and  for  the  individual  business  of  the  members. 
A  large  number  remained  every  afternoon  in  the  parlors  for  the 
opportunities  of  attendance  which  this  arrangement  permitted. 

The  evening  of  AVednesday  was  devoted  to  a  reception  and 
social  reunion,  held  in  the  smaller  ballroom  at  Sherry's,  Fifth 
Avenue  and  Thirty-seventh  Street.  The  members,  with  their 
ladies,  were  received  on  entering,  and  were  introduced  to  the 
retiring  president  and  the  president-elect,  and  a  little  after  nine 
o'clock  the  retiring  president  delivered  his  address,  selecting  as 
his  topic,  for  presentation  in  a  less  formal  way,  the  relations 
which  the  ladies  represented  in  the  membership  might  bear  with 
profit  to  the  organization.  Supper  was  served  at  the  close  of  the 
address,  and  dancing  was  enjoyed  until  a  late  hour.  Over  420 
pei'sons  were  present. 

Fifth  Sp:ssion. — Thursday,  December  6th. 

In  the  absence  of  President  E.  B.  Coxe  the  chair  was,  on 
motion,  taken  by  ex-President  John  Sweet. 

The  first  paper  was  by  Mr.  C.  J.  Field,  on  "  Present  and  Pro- 
spective Development  of  Electric  Tramways,"  and  received  discus- 
sion by  Messrs.  Ilenning,  Oberlin  Smith,  Partridge,  Perry,  Hale,, 
Schemer,  Childs,  J.  C.  Piatt,  John  Piatt,  and  Rockwood.  The 
paper  by  M.  P.  Wood,  in  continuation  of  the  first  paper  read  at 
Montreal  in  June,  1894,  on  "  Rustless  Coatings  for  Iron  and 
Steel,"  was  discussed  by  Messrs.  Ilenning,  Boyer,  Cartwright,  Dur- 
fee,  PtOf3lker,  John  Piatt,  Kent,  Davis,  McElroy,  Hawkins,  Well- 
man,  and  Ilolloway.  The  paper  by  Prof.  D.  S.  Jacobus,  entitled 
*•  Ptcsults  of  Experiments  to  Test  the  Accuracy  of  Small  Throttling 
Calorimeters,"  was  discussed  by  Messrs.  Carpenter  and  Kent. 

Pui-suant  to  announcement,  an  informal  session  was  arranged 
for  the  afternoon  of  Tliursday,  after  luncheon,  to  give  an  oppor- 
tunity for  further  discussion  on  certain  questions  relating  to  cast 
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iron.  The  discussion  touched  also  the  monograph  of  W.  J.  Keep 
on  "  Testing  Cast  Iron,"  and  elicited  reports  of  practical  experience 
fi^om  a  number  of  the  members.  Professor  S\A^eet  was  requested 
to  take  the  chair,  and  Messrs.  Keep,  Holloway,  Davis,  Fritz,  West, 
Henning,  Kent,  Cartwright,  Hawkins,  Durfee,  Hutton,  Wood, 
John  Piatt,  and  Sweet  took  part  in  tiie  discussion.  The  remarks, 
which  recorded  experience  of  value,  will  be  incorporated  into  the 
record  of  the  meeting,  under  a  suitable  heading.  Mr.  Holloway 
presented  a  specimen  of  iron  coming  from  a  cylinder  casting 
which  had  been  through  the  conflagration  of  a  building  in  which 
the  engine  had  stood,  and  this  subject  was  also  made  a  matter  of 
comment  and  experience. 

In  the  evening  of  Thursdav  no  assio^nment  of  reo:ular  session 

o  I/O  o 

was  made,  but  the  evening  was  left  free  to  be  used  in  visits  to 
central  electric  light  and  power  stations  and  other  points,  where 
the  evening  presented  the  best  time  for  inspection,  and  others 
used  the  evening  for  visits  to  theatres  and  other  eno-ao^ements. 

Sixth  Session. — Friday,  December  7th. 

In  the  continued  absence  of  President  E.  B.  Coxe,  the  chair  was, 
on  motion,  taken  by  Mr.  E.  F.  C.  Davis,  president-elect. 

The  first  paper  was  by  Prof.  J.  H.  Barr,  entitled  "  Experiments 
on  a  System  of  Governing  by  Compression,"  discussed  by  Pro- 
fessors Thurston  and  Jacobus.  The  paper  by  J.  C.  Piatt,  entitled 
^'  Straightening  a  Leaning  Chimne}'  One  Hundred  Feet  High," 
was  succeeded  by  that  of  Mr.  A.  W.  Robinson,  on  "Drawing 
OfRce  Appliances."  This  was  supplemented  by  Messrs.  Wood- 
bury and  Henderson. 

The  paper  by  L.  S.  Randolph,  "  Strength  of  Railway  Car  Axles," 
was  discussed  b\^  Messrs.  Henderson,  Durfee,  Gillis,  Estrada,  Pom- 
eroy.  Parsons,  Henning,  Hibbard,  and  Wood.  Mr.  Henderson's 
paper  on  "A  Graphical  Method  of  Designing  Springs"  was  dis- 
cussed b}"  Messrs.  Randolph  and  Kent,  and  was  succeeded  by  the 
concluding  paper  of  the  session,  by  Mr.  D.  L.  Barnes,  entitled 
''  Rail  Pressures  of  Locomotive  Driving- Wheels."  This  was  dis- 
cussed by  Messrs.  Goss,  Parsons,  Kent,  Barr,  Henderson,  Mori- 
son,  and  Strong. 

At  the  conclusion  of  the  reo^ular  business  the  Secretarv  was 
instructed  to  tender,  on  behalf  of  the  meeting,  the  sincere  thanks 
of  the  members  to  those  persons  or  firms  whose  courtesy  had  con- 
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tributed  opportunities  for  the  making  of  visits  of  professional 
interest  during  the  meeting. 

V\)  to  the  hour  of  adjournment  the  time  was  devoted  to  the 
discussion  of  the  best  telephone  system  for  connecting  depart- 
ments of  a  large  works  with  each  other  and  with  the  central 
office,  by  Mr.  AVoodbury,  and  to  a  jM^esentation  of  the  new  car- 
bitle  of  calcium  product  for  making  illuminating  gas.  The  prin- 
ciples of  the  manufacture  and  the  qualities  of  the  product  were 
presented  by  Mr.  AVood,  and  commented  on  by  Messrs.  Kent, 
Durfee,  and  Gillis. 

The  chairman  then  declared  the  Convention  adjourned,  and 
that  the  next  meeting  might  be  expected  in  the  summer  of  1895, 
in  the  city  of  Detroit,  Mich. 

It  Avas  the  generallv  expressed  opinion  that  this  New  York 
meeting,  while  up  to  date  the  largest  numerically,  was  also  one  of 
the  most  enjoyable  and  successful  meetings  that  the  Society  had 
ever  held. 

The  afternoons  of  the  days  upon  which  the  sessions  were  held 
were  left  without  assignment,  for  the  members  visiting  Xew 
York  to  attend  to  personal  business  affairs,  or  to  make  such  visits 
as  their  inclination  and  interest  might  dictate.  This  policv  re- 
placed the  usual  one  prevailing  elsewhere,  of  providing  official 
excursions  for  the  party  as  a  whole. 

Tlie  policy  inaugurated  in  1892,  of  having  a  light  luncheon 
served  in  the  l)anquet-room  at  the  close  of  the  professional 
sessions  of  each  morning,  was  maintained  this  year  also  with 
marked  success.  It  added  to  the  pleasure  of  the  members  attend- 
ing the  meetings,  and  was  the  means  of  keeping  together  those 
who  had  assembled  for  the  discussion  of  papers.  Many  of  the 
meml)ers  remained  at  the  house  for  conversation  and  social  inter- 
course during  the  afternoons. 

Tlie  list  of  places  available  for  members  to  visit  in  New  York 
was  as  follows  : 

I.  Morgan  Al  Quintard  Iron  Works. 

II.  North  Kiv(T  Iron  \Vork^', 

III.  Pond  Machine  Tool  Works. 

IV,  Stev«;ns  Inwiitutt'  of  Teclmology. 

V.    Columbia  College,  School  of  Arts,  Law,  Mines. 
VI.    Columbia    College,    School    of    Medicine   (College   of    Physicians    and 

Siirgeoni^). 
VII.     Pratt  Institute. 
VIII.    Wa.shington  Bridge. 
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IX.  Shipyards  and  Works  ;  S.  L.  Moore  &  Sons  Co. 

X.  World  Building  ;  Equitable  Building. 

XI.  Metropolitan  Museum  of  Art. 

XII.  Museum  of  Natural  History. 

XIII.  East  River  Gas  Works. 

XIV.  Ball  &  Wood  Engine  Co. 

XV.  Power  Houses,  Broadway  Cable  Road. 

XVI.  Power  House,  125th  Street  Cable  Road. 

XVII.  The  Brooklyn  Navy  Yard. 

XVIII.  The  Gas  Engine  and  Power  Co. 


40      CllANiUXG   THE   SUCTIOX   SYSTEM   OF   A   PUMPIXG   ENGINE. 


DCVIL* 

CHASGING    THE  SUCTION  SYSTEM    OF  A    PUMPING 

ENGINE. 

BY    F.    W.    DEAN,    BOSTON,    MASS. 

(Member  of  the  Society.) 

Recently  the  city  of  Taunton,  Mass.,  brought  water  from  the 
Lakeville  ponds,  some  seven  miles  distant,  to  their  water  works 
pumping  engines,  through  a  30-inch  main,  and  under  a  head  of 
30  pounds  pressure  at  the  engines.  Before  this  was  done  the 
engines  had  raised  water  21  feet,  by  suction,  from  a  basin  fed 
by  springs  along  the  edge  of  the  Taunton  River. 

As  the  new  supply  came  into  town  under  a  head,  it  was 
decided  to  connect  the  new  main  directly  to  the  suction-pipe  of 
the  Gaskill  engine,  and  thus  secure  an  obvious  economy  in 
pumping  water.  Accordingly  the  writer  Avas  asked  by  Mr.  Des- 
mond Fitzgerald,  member  A.  S.  C.  E.,  consulting  engineer  to 
the  city  of  Taunton,  to  prepare  a  design  for  the  new  suction 
system,  and  to  arrange  it  so  that  the  engine  could  either  take 
the  water  as  before  from  the  old  basin,  or  under  a  head  from 
the  new  supply.  As  the  case  is  one  of  interest  and  possessing 
some  novelty,  it  is  now  presented  to  the  Society. 

In  preparing  the  design,  the  obvious  possible  difficulty  of 
using  the  same  pump-valves  without  additional  springs  or 
weights  to  seat  them  promptly  under  the  new  conditions  pre- 
sented itself,  as  well  as  the  importance  of  effectively  absorbing 
the  inertia  of  a  30-incli  column  of  water  several  miles  long. 

N\  hen  the  change  was  comjileted  and  the  engine  started  under 
the  head,  to  the  surprise  of  everybody  it  worked  as  quietly  as 
under  the  old  system,  and  has  so  continued,  without  any  change 
in  the  valves.  The  engine  makes  from  7  to  J 5  revolutions  per 
minute  under  domestic  pressure,  and  under  fire  pressure  (the 
direct  supply  system  being  used)  10  to  25  revolutions  per  min- 

•  Presented  at  thf   N«-w   York   mr^fitin^r   (Dec  niber,    1894)  of    tlie    American 
Society  of  MechuDical  Engineera,  and  foruiiug  part  of  Vol.  XVI.  of  the  Trana- 
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Tite,  and  to  this  slow  speed  is  doubtless  due  the  success  of  the 
valves  in  both  systems. 


%  square 

RELIEF    VALVE. 

Scveu  of  this  con.plete.    All  of  Com- 
position except  Spring. 


Spherical 

Coated  with  tallow 


§«  a 


I   i 


Coated  with  tallow. 


H  composition 
,   ,,    bolts 

H  drain  hole 
"{:^nnlled  in  each 
segment. 
Jenkins  Hard 
—   Rui)l)er 
+ 


AM. BANK  NOTE   CO.N.Y, 


Fig.  1. 


The  methods  of  absorbing  the  inertia  of  the  surge  of  the  30- 
inch  column  of  water  were  two  in  number.  There  is  an  air 
chamber  4  feet  in  diameter  and  some  15  feet  high  placed  over 
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the  extreme  end  of  the  supply  main,  which  was  considered  ample 
in  size  to  meet  any  fluctuation  in  pressure,  provided  it  was  kept 
properly  supplied  with  air.  In  order,  however,  to  avoid  any 
rupture  or  dislodgment  of  parts  when  the  air  chamber  is  im- 
properly filled,  seven  6-inch  spring  relief  valves  were  designed 
to  allow  the  water  to  escape  to  waste  when  the  pressure  reached 
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BASE   FOR    RELIEF-VALVE   CHAMBER. 

Ono  of  this       Cast  Iron. 

Scale  K  inch  =  1  foot. 

Fig.  2. 


a  prescribed  maximum  (^Fig.  1).  While  these  valves  cannot 
provide  the  elasticity  which  is  desirable  in  handling  water,  and 
wliicli  the  air  cluimljer  amply  supplies,  they  limit  the  pressure 
to  which  this  water  can  rise  when  any  unusual  surge  occurs. 
The  occasions  of  such  occurrences  are  sometimes  when  reduc- 
ing the  speed  of  the  engine  from  fire  to  domestic  service.     The 
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valves  are  set  to  lift  at  40  pounds  per  square  inch,  and  they- 
successfully  limit  the  water  pressure  to  that  amount. 

The  relief  valves  are  made  with  a  spherical  jointed  spindle- 


^y//yyy//^y'yy'^yyy^ 


Fig.  3. 


and  nut,  as  shown  in  the  engraving,  in  order  to  allow  them  to 
seat  squarely  if  the  springs  should  tend  to  incline  them.  They 
are  grouped  on  a  bowl-shaped  casting  covered  by  a  light  cast- 
iron  cover,  from  which  the  waste  pipe  passes  (Fig.  2). 

There  is  an  arrangement  of  gates  in  the  suction  piping,  such 
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that  the  engine  can  draw  water  from  the  basin  or  receive  it 
from  the  new  supply,  as  before  mentioned,  and  a  gate  for  shut- 
ting the  water  from  the  group  of  relief  valves  when  desired  for 
any  purpose.  When  the  old  system  is  used,  tbe  air-chamber 
becomes  a  vacuum  chamber,  and  takes  the  place  of  one  fur- 
nished originally  (Fig.  3). 

The  waste  water  from  the  relief  valves  is  conducted  to  the 
old  pump  well,  and  the  fall  of  the  water  into  the  well  forms  an 
audible  tell-tale  of  their  operation. 

The  engine  is  of  the  usual  Gaskill  form,  of  the  following 
general  sizes  : 

Diameter,  liigli- pressure  cylinder 16  in. 

low-pressure  "        32  in. 

'•  pump  plungers 18  in. 

Stroke  of  each  piston 28  in. 

plunger 28  in. 

Rated  capMcity  in  24  hour? 4,000,000  gals. 

Number  of  revolutions  per  minute,  domestic  pressure 7  to  15. 

fire  "         10  to  25. 

Suction  lift,  old  system 21  ft. 

Suction  head,  new  system 69  ft. 

Steam  pressure  by  gauge  75  lbs. 

Coal  used  in  24  hours,  old  system about  2,600  lbs, 

24      '*       new     "      about  1,900  lbs. 

Saving  in  coal about  27^. 

DISCUSSION. 

Mr.  Forrest  M.  TovjI. — For  a  number  of  years  the  stations 
pumping  petroleum  through  the  different  pipe  lines  in  the  United 
States  have  been  accustomed  to  take  the  oil  from  tanks  at  various 
heights  above  the  pumps.  These  tanks  are  usually  so  located  as  to 
give  a  pressure  of  from  two  to  fifty  pounds  on  the  intake  of  the 
pumps. 

AVlien  tlio  Southern  Pipe  Line  was  built  it  was  found  expedient 
to  Ifxjate  the  rekiy  pumping  stations  in  valleys  where  coal  and 
water  could  be  easily  obtained.  This  location  necessitated  a 
cliange  either  in  the  system  of  connecting  up  the  lines  or  a  con- 
siderable loss  of  power.  It  was  at  first  decided  to  locate  the  relay 
tanks  on  the  top  of  the  controlling  hill,  but  as  that  would  divide 
the  working  force  of  the  stations,  it  was  decided  to  allow  a  station 
to  take  its  supply  from  the  incoming  main.  The  station  at  State 
Line,  Pa.,  may  b(i  taken  ns  a  typical,  though  extreme,  example. 
State  Line  receives  its  supply  from  Watson,  33.32  miles  distant, 
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and  the  point  which  controls  the  pumping  of  Watson  is  located 
8.12  miles  west  of,  and  2,148  feet  above,  the  pumps  at  State  Line. 
When  both  stations  are  running  at  their  average  speed,  State  Line 
can  have  a  pressure  of  400  pounds  on  its  intake,  at  which  point 
it  begins  to  interfere  with  the  pumpings  from  Watson.     The  ordi- 
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nary  working  pressure  at  State  Line  is  375  pounds  on  the  intake, 
and  900  pounds  on  the  discharge. 

The  only  changes  made  in  the  connections  to  allow  of  the  using 
of  this  pressure  on  the  intake  are  the  insertion  of  a  rehef  valve, 
which  will  all(jw  the  incoming  stream  to  pass  into  a  tank  in  case 
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it  becomes  necessary  to  shut  down  without  first  notifying  Watson, 
and  tlie  insertion  of  a  check  valve,  which  allows  State  Line  to  take 
its  supply  from  the  tank  when  it  has  reduced  the  head  in  the  line 
to  that  of  the  tank.  The  valve  springs  are  the  same  which  are 
used  under  two  pounds  intake  pressure  at  other  stations.  No  air 
chamber  has  been  introduced,  and  none  seems  to  be  necessary. 
The  pumps  work  better  with  the  pressure  on  the  intake,  and 
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the  s|h.hhI  of  the  pump  at  State  Lino  is  regulated,  to  a  considerable 
extent,  bv  the  |)i*essuro  on  llio  intake. 

At  a  test  recently  made  at  State  Line,  it  was  found  that,  after 
allowini:  for  the  friction  of  the  pumps,  the  saving  was  practically 
in  pro|H)rtion  to  tlie  ditferences  between  the  intake  and  discharge 
pressures.  The  cards  herewith  were  taken  from  the  oil  cylinders 
of  the  pumps  at  State  Line  ;  set  A  (Figs.  4  and  5),  from  a  triple- 
expansion  engine  built  by  tiie  Xational  Transit  Company,  and 
having  six  oil  plungers,  and  set  B  (Figs.  6  and  7),  taken  from  a 
Worthington  engine  having  four  oil  ])lungers.  The  variation  in 
the  pressure  on  the  intake  of  the  six-phmger  pump  was  about  60 
pounils,  while  that  on  the  four-plunger  pump  was  about  120 
|)ounds.  The  slip  of  the  pumps  was  1.86  and  3.09  per  cent,  re- 
sjx?ctively,  with  375  pounds  intake  pressure,  and  2.35  and  4.15  per 
cent  with  two  pounds  on  the  intake. 

On  the  oil  pij)e  lines,  there  are  ten  stations  operated  in  the  same 
manner  as  State  Line.  The  pressures  on  the  intake  vary  from 
KX>  to  375  pf)unds.  In  one  instance,  the  oil  does  not  go  into  a 
tank  until  it  has  passed  through  four  relay  stations.  Yery  little 
trouble  is  exj)erienced  in  regulating  the  speed  of  the  stations. 

Cards  C  (Figs.  8  and  9)  were  taken  from  a  four-plunger 
Worth ington  engine  at  Cameron  Mills,  N.  Y.  This  engine  has 
not  the  high  duty  attachment,  and  the  intake  pressure  is  nearer 
constant.  This  is  probably  due  to  the  more  regular  piston  speed 
during  the  stroke. 
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DCVIII.* 

TRIAL  OF  A  VERTICAL  TRIPLE-EXPANSION  CON- 
DENSING PUMPING  ENGINE,  AT  THE  TRENTON 
WATER-WORKS. 

BY  SAMUEL  WEBBER,  CHARLESTOWN,  N.  H.,  AND  S.  S.  WEBBER,  TRENTON,  N.  J. 

(Members  of  the  Societ}'.) 

In  reporting  to  the  American  Society  of  Mechanical  Engineers 
the  results  of  this  trial,  we  desire  to  state  that  it  was  not  under- 
taken as  a  complete  duty  test,  to  include  the  performance  of 
both  engine  and  boilers,  nor  was  it  desired  to  obtain  all  the 
data  respecting  the  economical  working  of  the  engine.  The 
Board  of  Public  Works  of  the  city  of  Trenton,  N.  J.,  only 
desired  to  have  proved  that  the  terms  of  the  contract  made 
by  them  and  the  Edward  P.  AUis  Company,  of  Milwaukee,  the 
builders  of  the  pumping-engine,  had  been  complied  with. 

The  capacity  and  duty  guaranteed  by  this  contract  were  that 
the  pumping-engine  should  be  capable  of  delivering  into  the 
reservoir  against  a  head  of  120  feet  10,000,COO  U.  S.  gallons 
every  twenty-four  hours,  and  to  do  this  at  a  speed  of  thirty 
revolutions  per  minute,  and  show  a  duty  of  125,000,000  foot- 
pounds for  every  1,000  pounds  of  feed-water  pumped  into  the 
boilers ;  steam  to  be  supplied  to  the  engine  at  a  pressure  of  110 
pounds  per  square  inch.  No  account  was  to  be  taken  of  the 
fuel  consumption ;  it  was,  however,  decided,  for  the  sake  of 
information,  and  from  a  desire  to  obtain  as  full  data  respecting 
the  trial  as  could  be  had  without  special  and  elaborate  prepara- 
tion, to  weigh  all  fuel  used  during  the  test,  indicate  the  engine, 
take  a  record  of  steam  temperature  and  pressure,  and  test  the 
quality  of  the  steam  by  calorimeter  ;  and,  so  far  as  this  was 
undertaken,  we  believe  the  figures  obtained  are  correct. 

Before  beginning  the  trial  it  was  agreed  between  the  parties 
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ill  interest  to  accept  the  theoretical  plunger  displacement  for 
the  measure  of  wat3r  pumped,  making  no  allowance  for  slip 
or  leak  of  valves.  The  plungers  being  outside  packed,  all  leak- 
age at  that  point  was  easily  prevented,  and  during  the  trial 
amounted  to  so  little  as  not  to  be  worth  reckoning.  The  indi- 
cators used  were  in  perfect  order,  and  the  springs  had  all  been 
accurately  calibrated  and  adjusted.  All  feed  water  pumped  to 
boilers  was  actually  measured  and  weighed  by  using  two  tanks, 
filling  the  measuring  tank  to  an  overflow  pipe  set  vertically,  with 
sharp  edges  at  orifice,  and  after  the  water  had  settled  to  an 
exact  level  the  outlet  valve  was  opened,  and  the  water  run 
entirely  out  into  the  second  tank,  from  which  it  was  pumped  to 
boilers.  No  heater  was  used.  The  engine  ran  with  remarkable 
steadiness  and  smoothness  during  the  trial,  and  every  condition 
prevailed  to  insure  accuracy. 

The  quality  of  the  steam  was  tested  by  a  calorimeter  at  three 
intervals  during  the  trial,  and  gave  precisely  the  same  readings, 
the  result  showing  a  percentage  of  moisture  in  the  steam  of 
1.25  per  cent.  It  is  the  writer's  opinion  that  this  determina- 
tion is  of  no  especial  consequence  as  affecting  the  economical 
performance  of  the  engine.  The  small  amount  of  moisture 
present  in  the  steam  must  have  the  same  temperature,  and  as 
this  is  much  higher  than  that  of  the  steam  as  it  leaves  the 
engine,  the  difference  must  have  been  available  and  capable 
of  doing  work,  and  the  weight  of  this  moisture  should  not 
V*  wholly  deducted  from  the  steam  charged  against  the  engine. 

All  the  cylinders  and  receivers  are  steam  jacketed,  the  high- 
pressure  cylinder  jacket  receiving  steam  from  the  main  steam- 
pipe  ;  from  the  high-pressure  jacket  the  steam  passes  to  the 
first  receiver  jacket,  thence  to  the  intermediate  cylinder  jacket, 
thence  to  the  second  receiver  jacket,  and  finally  to  the  low- 
pressure  cylinder  jacket,  whence  it  is  connected  to  a  steam  trap 
discharging  into  the  hot  well.  The  drainage  from  the  several 
jackets  is  likewise  piped  to  the  hot  well.  The  amount  of  steam 
condensed  in  jackets  was  not  measured,  hence  no  expression  of 
the  value  of  these  jackets  can  be  given  from  the  trial.  It  would 
seem,  however,  from  the  high  duty  obtained,  that  *he  jackets 
were  a  factor  of  economy. 

The  valve-gear  is  of  the  usual  Corliss  type,  with  Eeynolds 
improvements.  In  general  design,  though  of  less  capacity,  the 
engine  is  similar  to  those  built  by  the  Allis  Company  for  Chicago 
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and  Milwaukee.  These  engines  are  so  fully  illustrated  and  de- 
scribed in  Dr.  Thurston's  paper,  "  On  the  Maximum  Contempo- 
rary Economy  of  the  High-Pressure  Multiple-Expansion  Steam- 
engine,"  read  before  the  American  Society  of  Mechanical 
Engineers  at  the  New  York  meeting  in  1893,  and  printed  in 
Volume  XY.  of  the  Transactions,  that  nearly  every  one  in- 
terested is,  no  doubt,  quite  familiar  with  the  design  and  opera- 
tion of  this  type  of  engine  ;  hence  it  is  not  again  necessary  to 
describe  the  details  of  construction. 

TABLE   OF   DIMENSIONS   OF   ENGINE   AND  PUMPS. 

Number  of  steam  cylinders 3 

Diameter  of  steam  cylinders 20^,  36,  52  ins. 

Stroke  of  pistons  and  plungers 36  ins. 

Diameter  of  piston-rods  (two  at  one  end  each  piston) 2f  ins. 

Area          "      "         "       <<«<««     ^.       ^          «.       4.43  sq.  ins. 

Net  area  steam  cylinders: 

High-pressure 3'25 .  63  sq.  ins. 

Intermediate-pressure 1,013 . 44  sq.  ins. 

Low-pressure 2,119 .  29  sq.  ins. 

Ratio  of  cylinders : 

High-pressure » 1 

Intermediate-pressure 3 .  083 

Low-pressure 6 .  434 

Cylinder  clearances: 

High-pressure 2.05^ 

Intermediate-pressure 1.97^ 

Low-pressure 1.90^ 

Number  of  water  plungers  (single  acting) 3 

Diameter"      "            "        25^  ins. 

Area          "      "            "        500.74  ins. 

Dir«placement  of  each  plunger  per  stroke 18,026 .  64  cu.  ins. 

Total  displacement  of  all  plungers  per  stroke 234.11  gallons. 

TABLE  OF  PRESSURES,  TEMPERATURES,  AND  QUANTITIES. 

Temperature  of  water  pumped 59°  Fahr. 

"      fedtoboilers  59°  Fahr. 

Average  pressure  steam  in  boilers  as  per  gauge 112.27  lbs. 

"               "             "       "  main  at  engine  gauge 112.27  lbs. 

"               "            "       "  first  receiver  gauge 23.18  lbs. 

"                "            "       "  second  receiver  gauge —1.75  lbs. 

"         vacuum  in  pounds  as  per  gauge 12.00  lbs. 

"         total  head  of  water  pumped  against 119 .  62  ft. 

Duration  of  trial 8  hours. 

Average  number  of  revolutions  per  minute 30.71 

Total  number  of  single  plunger  strokes 14,741 
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Total  weight  watoi-  fed  to  boilers  in  8  hours 25,295.00  lbs. 

Perceulage  of  moisture  in  steam  as  per  calorimeter 1 .  25^ 

Average  M.  E.  P.  in  high-pressure  cyliiuler 45.15  lbs. 

•  iiitermediiite-pressure  cylinder 12.75  lbs. 

•  low-pressure  cylinder 6.95  lbs. 

Average  H.P.  developed  in  high-pressure  cylinder 82.03 

'•  intermediate-pressure  cylinder.     72.08 
'•  low-pressure  cylinder 81.59 

Total  H.P.  developed  in  all  cylinders 235. 70 

TABLE  OF  PRINCIPAL  RESULTS. 

Total  foot-pounds  of  work  done  in  8  hours 3,442,879,215 

Total  number  gallons  pumped  in  8  hours    3,451,015 

FxiuivaUnt  number  gjillons  lifted  119.62  feet  per  24  hours 10,353,040 

Fooi-pouuds  duty  per  1.000  lbs.  feed  water 136,233,000 

100  lbs.  coal  burned 129,090,000 

"  1,000.000  B.  T.  U 117,800,000 

Poands  feed-water  used  per  indicated  H.P.  per  hour 13.41 

Total  indicated  H.P.  of  engine 235.70 

Value  in  HP.  of  water  pumped 217.35 

Friction  loss  of  engine  and  pumps  in  H.P 18.35 

Percentage  of  useful  effect 92. S% 

Gallons  pumped  per  24  hours  (in  terms  of  contract) 10,113,680 

Foot-pounds  duty  per  1,000  lbs.  feed-water  (in  terms  of  contract)  133,856,000 

"      over  and  above  terms  of  contract 8,856,000 


BOILER  DIMENSIONS. 

Kind  of  Boilers :  Ilorizontal  Tubular. 

Number  of  Ixiilers 3 

I>iameter  of  .shell 54  ins. 

length  of  shell 15  ft. 

NamlKT  of  tut)e8 48 

I>iamet»-r  of  tubes 3^  ins. 

Uniting  Hurface  each  boiler 779.10  sq.  ft. 

Grate  area  each  Innler  (54  ins.  x  54  ins.) 20.25  sq.  ft. 

Ratio  grate  area  to  lieatiiig  Kurface 34.17 

Kind  of  grat«  :  "  Tapper,"  .set  28  inches  below  boiler. 

Bmoke  flue  for  three  lx)ilerH 36ins.x36ins, 

QUANTITIES  AND  TEMPERATURES. 

Av^rag'-  temperature  of  flue  during  test 350°  Fahr. 

Total  r/»al  coDcunM'd 2  667  lbs. 

Total  refuM  and  ashfn 163  lbs. 

Net  amount  of  combustible  2,504  lbs. 

Per  rent,  anlipfi .06 

Hiod  of  coal,  "  I>«.-htgli  Fl/g  " 

Coal  was  burned  by  natural  draught  from  an  iron  stack  eighty  feet  high. 
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RESULTS. 

Actual  evaporation  per  pound  of  coal,  feed- water  at  59°  Fahr 9.48  lbs. 

Equivalent  evaporation,  from  and  at  212° 11.05  lbs. 

"             per  pound  of  combustible,  from  and  at  212°.  11.67  lbs. 

Coal  burned  per  hour  per  sq.  ft.  grate  surface 4.71  lbs. 

"         "      ''       "    indicated  H.P 1.421bs. 

Waier  evaporated  per  hour  per  sq.  ft.  grate  surface 44.69  lbs. 

"     "     "    heating  surface 1.293  lbs. 

The  results  show  a  very  high  efficiency  for  a  triple  engine 
working  with  so  low  an  initial  pressure  as  112  pounds  of  steam  ; 
and  had  the  vacuum  obtained  been  better  the  results  would  have 
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beeu  correspond iii^ly  increased.  For  some  cause,  which  at  the 
time  of  trial  coukl  not  be  ascertained,  the  vacuum  did  not  go 
below  12.5  pounds,  and  the  average  throughout  the  trial  was  12 
pounds  ;  it  should  have  been  13.5  pounds  at  least  for  an  average. 
The  indicator  cards  (Figs.  10-12)  show  a  fairly  even  distribution 
of  power;  the  intermediate  cylinder  not  showing  its  propor- 
tionate share  of  the  work  as  compared  with  that  of  the  high 


Scale  20  lbs. 

Fig.  13. 

or  low-pressure  cylinders.  The  combined  diagram  (Fig.  13) 
shows  a  clos<i  agreement  in  the  expansion  lines  with  the  hyper- 
}x>lic  curve.  The  clearances  are  small,  due  to  placing  the 
CorlisK  valves  in  the  cylinder  heads  instead  of  at  the  ends  of 
the  cylinder  castings,  as  is  the  usual  practice.  If  the  initial 
prcHBure  ha^l  b^.en  125  ],ounds,  as  in  the  case  of  the  engines  at 
Chicago  and  Milwaukee,  and  a  more  perfect  vacuum  been 
obtained,  the  efficiency  <>{  Hh,  engine  at  Trenton  would,  no 
doubt,  quite  equal  that  recorded  for  the  engines  above   men- 
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tioned ;  possibly  tlie  higher  head,  under  which  these  engines 
pumped,  contributed  to  very  high  duty  shown  by  them  as  com- 
pared with  that  given  in  this  report.  All  things  considered,  the 
Allis  engine  at  Trenton  is  certainly  one  of  the  best  examples 
of  the  modern  high-duty  pumping-engine. 

The  E.  P.  Allis  Company  was  represented  during  the  trial 
by  its  mechanical  engineer,  Mr.  John  H.  Lewis ;  and  the  city 
of  Trenton  by  the  writers  of  this  paper. 

DISCUSSION. 

Dr.  Charles  E.  Emery. — As  there  will  be  several  papers  here 
this  evening  relative  to  the  subject  of  engine  economy,  and  par- 
ticularly two  which  refer  to  the  economy  of  compound  engines,  it 
is  well  enough  to  examine  the  results  of  this  test,  and  in  a  sense 
forecast  what  the  result  should  be  for  the  others.  Bv  lookino:  at 
the  indicator  diagrams  on  page  53,  we  find  that  the  low  pressure 
diagram  is  entirely  below  the  atmospheric  line,  and  altogether  of 
too  small  an  area  to  give  maximum  economy,  and  that  if  the  work 
done  in  the  intermediate  cylinder  were  transferred  to  the  large 
cylinder,  it  would  undoubtedly  give  better  service.  The  ratio  be- 
tween the  intermediate  and  low  pressure  cylinders  is  about  1  to 
2.1,  as  will  be  seen  on  the  first  page.  The  mean  pressure  in  the 
intermediate  cylinder  is  12.3  pounds,  equivalent  to  about  six 
pounds  in  the  low  pressure  cylinder,  which,  added  to  the  6.9  pounds 
already  there,  would  give  less  than  13  pounds,  which  is  not  extra- 
ordinary^ for  a  low-pressure  cylinder,  and  should,  in  fact,  give  better 
results  than  a  lower  mean  pressure.  It  is  therefore  evident  from 
the  diagrams  that  a  compound  engine  should  do  as  well  as  a  triple 
compound  proportioned  like  the  one  described. 

2[r.  Samuel  Webber.^ — I  fully  agree  with  Dr.  Emery,  that 
under  the  pressure  of  the  test  a  double  compound  engine  would 
probably  have  given  equally  satisfactor}^  results.  We  noticed  the 
deficient  vacuum  in  the  last  cylinder,  and  so  state,  by  which  we 
lost  1.5  pounds  pressure  ;  but  we  had  no  time  to  remedy  the  matter, 
as  the  legal  existence  of  the  "  Board  of  Trade,"  for  whom  the  tests 
were  made,  expired  on  Monday,  the  test  having  been  made  on 
Saturday,  and  the  report  was  required  to  be  in  their  hands  before 
Monday  night. 

With  160  pounds  steam,  and  the  hot  well  completed,  so  that 
we  could  use  the  condenser  water,  we  should  have  undoubtedly 
obtained  a  higher  result. 

*  Author's  closure,  under  tlie  Rules. 
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DCIX.* 

SOME   TESTS   OF  THE  STRENGTH  OF  SPRUCE 

COLUMNS. 

BT   UABTANO   LANZA    AND   EDWARD   F.    MILLER,    BOSTON,    MASS. 

(Members  of  the  Society.) 

There  iire,  available  to  tlie  engineer,  the  following  published 
results  of  reliable  tests  of  the  strength  of  full-size  American 
timber  columns. 

1.  A  large  number  of  tests  of  yellow  pine  and  of  white  pine 
columns,  made  on  the  Emery  testing-machine  at  Watertown 
Arsenal  by  Mr.  Howard. 

2.  A  certain  number  of  tests  of  yellow  pine  and  of  oak  col- 
umns, made  on  the  same  machine,  under  the  direction  of  G. 
Lanza,  some  of  the  oak  being  green,  and  some  very  thoroughly 
seasoned. 

3.  Some  tests  of  spruce  columns,  made  on  the  same  machine, 
under  the  direction  of  Mr.  J.  R.  Freeman,  all  but  three  of  which 
were  tested  with  the  load  eccentric,  showing  crushing  strengths 
of  4,0SS.  n,22o,  and  4,900  pounds  per  square  inch  respectively,  and 

,  which  Mr.  Freeman  says  were  of  "  well-seasoned  spruce  of  excel- 
lent (piality."  Hence,  it  would  seem  desirable  to  obtain  some 
more  results  of  tests  of  the  strength  of  spruce  columns  of  ordi- 
nary average  quality,  such  as  is  in  common  use. 

In  this  paper  we  have  to  present  to  the  Society  the  results  of 
thirteen  tests  of  spruce  columns,  made  on  the  Emery  testing 
machine,  in  the  laboratory  of  apj)lied  mechanics  of  the  Massa- 
<-}iUH<-tts  Institutf3  of  Technology,  in  the  course  of  the  regular 
!alKirat<^)r}*  work. 

The  spruce  was  purchased  at  Boston  lumber  yards,  and  was 
of  fair  average  cpiality,  just  such  as  is  ordinarily  sold  for  build- 
inj^'  puq>oses,  all  being  fairly  well  seasoned. 


•  Pr.-- rit.rl  nt  liif    .\«-w    York    infptiiif,'  (Dpceuiher,   1894)    of   the  American 
SrwM-ty  of  .Me^hnnical  p:ngin.-.rr.,  and  forming  part  of  Vol.  XVI.  of  the  Transac- 
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The  decrease  in  a  gauged  length  of  either  50  or  100  inches, 
under  different  loads,  was  measured  on  two  opposite  sides,  and 
averaged. 

The  apparatus  used  for  this  purpose  is  shown  (on  the  forward 
side)  in  Fig.  14  ;  all  of  it  being  fastened  to  the  column,  except 
the  micrometer,  which  is  held  in  the  hand  of  the  observer. 


Fig.  14. 


M-EASURING  APPARATUS 

FOR 

WOODEN  COLUMNS 

MASS.  INST.  TECH. 


The  cut  also  exhibits  the  means  employed  to  observe  the  de- 
flection of  the  column  at  the  middle  of  its  length. 

For  this  purpose  a  small  metal  bar,  provided  at  each  end  with 
a  needle  point,  was  attached  at  the  middle  of  its  length  to  the 
middle  of  the  upper  side  of  the  column  ;  the  needle  points  being 
used  to  mark  the  amounts  of  horizontal  and  vertical  deflections 
on  pieces  of  cross-section  paper  tacked  on  two  boards  fastened 
on  rings  which  are  attached  to  the  main  screws  of  the  machine. 

The  results  from  the  two  pieces  of  cross-section  paper  are 
averaged  to  obtain  the  actual  horizontal  and  vertical  deflections. 

The  object  of  averaging  the  results  from  the  two  pieces  of 
cross-section  paper  is  to  make  up  for  any  possible  twisting  of 
the  column.  The  summary  table  will  be  given  first,  and  then 
the  details  of  the  individual  tests  will  follow. 
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SOME   TESTS    OF   THE   STKKNGTH   OF   SPRUCE   COLUMNS. 


TESTS  OF   WOODEN   COLUMNS. 

Specimen  spruce  :  Diraen-ious— Width,  8i  in. ;  depth,  8^  in.;  length,  9  ft.  ^  in. 

Date,  April  26,  1894. 


12                   3                   4 
NORTU  SlUK. 

5                  6                  7                  8 
South  Side. 
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tu'   > 
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c  '"' 

<—  c 

O  CS 

c 

OS 

10.000 
60,000 

.4883 
.4395 

.0488 

10,000 
60,000 

.6098 
.6060 

.0038 

.0263 

Conipresjiion  nieasured  in  length  of  50  iuches. 

Weight  of  column,  12ti  lbs. 

Muxi Ilium  load.  191,500  lbs. 

Maximuin  load  per  sq.  in.,  sectional  area  —  2,901  lbs. 

Ithtio  of  stress  to  strain  from  10.000  to  60,000  lbs.  =  1,439,900. 

Miiniier  of  breaking,  crushed  1  ft.  from  platform. 


TESTS   OF   WOODEN    COLUMNS. 

Specimen  spruce  :  Dimen^ion.s — Width,  8i  in.;  depth,  8i  in.;  length,  7  ft.  6  in. 

Date.  April  26,  1894. 


18                 8                  4 
NoKTH  Side. 

5                 6                 7                 8 

South  Side. 
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Micrometer 
readings. 

03 

s 
S 

s 

Is 

03 

1^ 

10.000 
60.000 

.8645 
.8515 

1 

01. in 

10,000 
60,000 

.8120 

.7725 

.0395 

.0263 

(  .,•   |,n-ft*<ion  iiicflHnred  in  u  length  of  50  in. 

\'.       .'  ..f  <..;ij..,n.  luj  ih.x. 

:    no.WKilbH. 
"^  .  per  c<|.  in.  Kcclional  area,  2,5^7  lbs. 

ItJit:.,  ..r  -XT'-y^  to  htrain.  from  I().(j00  to  fjO.doO  II)k.  =  1,442,700. 
Manner  of  l)rpoklng,  cru>.h»d  f>  in.  from  phitform. 
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TESTS   OF    WOODEN   COLUMNS. 

Specimen  spruce  :  DimensioDS— \Nidtb,  8^  in.  ;  depth,  8g    in.  ;   length,  9ft.  6|  in. 

Date,  April  26,  1894. 


12                  3                      4 
North  Side. 

5                  6                  7                     8 
South  Side. 

9 

OS 

C 

<u 

IS) 

S3 

^     . 

o  ti 

> 

^  fcJO 

.  > 

5 

Loads,  pounds. 

Micrometer  read- 
ings. 

<U 

V  tc 

> 

< 

c 

Mean  of  column 
4  and  10. 

10,000 
60,000 

.6812 
.6609 

.0203 

10,000 
60,000 

.6978 
.6623 

.0355 

.0279 

Compression  measured  in  a  length  of  50  inches. 

Weight  of  column.  133  lbs. 

Maximum  load,  175,700  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =  2M2  lbs. 

Ratio  of  stress  to  strain  between  10,000  and  60.000  lbs.  =  1,357,300. 

Manner  of  breaking,  crushed  3  ft.  from  platform. 


TESTS   OF   WOODEN   COLUMNS. 

Specimen  spruce  :  Dimensions — Widtb,  7f  in.  ;  depth,  7J  in. 

Date,  April  26,  1894. 


length,  5  ft.  8J  in. 


12                 3                     4 
NoKTU  Side. 

5                  6                    7                      8 
South  Side. 

9 

en 

Loads,  pounds. 

Micrometer 
readings. 

Average  read- 
ing. 

Diff.  between 
average. 

ad 

73 

C 
S 

o 
o 

10,000 
60,000 

Micrometer 
readings. 

Average  read- 
ing. 

Diff.  between 
average. 

£ 

O'- 
«—  C 

o  a 
« 

10,000 
60,000 

.6530 
.6232 

.0298 

.7205 
.6822 

.0383 

.0341 

Compression  measured  in  a  length  of  20  inches. 

Weight  of  column.  66  lbs. 

M.-iximum  load,  191,9C01bs. 

Maximum  load  per  sq.  in.  sectional  area  =  3,195  lbs. 

Ratio  of  stress  to  strain  from  10.000  to  60.000 lbs.  -  1,222,400. 

Manner  of  breaking,  crushed  1.5  ft.  from  platform. 
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SOME  TESTS   OF  THK   STREXGTII   OF  SPRUCE   COLUMNS. 


TESTS  OF  WOODEN  COLUMNS. 

Specimen  spruce:  PimensioDS— Width,  71  in.;  deptii,  7^  in. 

Date,  April  26,  1894. 


length,  5  ft.  91  in. 


18                 8                 4 

North  Side. 

5                 6                 7                 8 
South  Side. 

9 

•3 

1     If 

_•'                5  5 
1                S- 

Average  read- 
ing. 

s 

u 

as 

—  « 

aJ 

c 
a 
o 
o. 

§ 

il 

^3 

cs 

> 

<3 

«   CO 

5 

1^ 

10.000   

.8392 
.7612 

.0780 

10,000 
60,000 

.5482 
.5280 

! 

60.000 

.0202 

.0491 

Compression  measured  in  a  length  of  50  in. 

Weiirht  of  column,  6(5.5  lbs. 

M.ixiininn  load,  ].%,000  lbs. 

Maximum  load  i)er  sq.  in.  sectional  area,  2,.556  lbs. 

Ratio  of  stress  to  strain  from  10.000  to60.0C0  lbs.  -  834,270. 

Manner  of  breaking,  crushed  1.5  ft.  from  platform. 


Specimen  spruce 


TESTS   OF   WOODEN   COLUMNS. 

Dimen.sions— Width,  8i  in.;  depth,  81  in.;  length,  7  ft.  11  in. 
Date,  April  26,  1894. 


12                  3                  4 
NouTU  Side. 

5                  6                  7                  8 
South  Side. 
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■-  U 

=  H 
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•< 

s 
C  to 

da 
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.0225 

•a 

c 
d 
o 
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3 

Micrometer 
readings. 

■6 
a 

a; 
•< 

c 

r  fee 

a;  j3 

—  S 

5 

a 

^   03 

10.000 

.r»405 
.5180 

10,000 
60,000 

.8615 

.8170 

60.000 

.0845 

.0435 

.VI,. 


'Ion  meannred  in  a  length  of  50  in. 
'  'olumn.  104  IbH. 
I'Kid.  17.^4<X)lbH. 

'I  p'-r  t<q.  in.  Heclional  area,  2,617  lbs. 
to  htrain  from  10,000  tr)  60.(K)o  lbs.  =  857,380 
■t  ui  ..r..aking,  crushed  \.r>n.  from  platform. 


APPLICATION   OF   BRAKES   TO   LOCOMOTIVE   TRUCK  WHEELS.      69 


DCX.* 

THE  APPLICATION   OF  BRAKES   TO    THE  TRUCE 
WHEELS   OF  A    LOCOMOTIVE. 

BY   GAETANO  LANZA,   BOSTON,  MASS. 

(Member  of  the  Society.) 

On  the  9tli  and  16tli  of  April,  1893,  some  experiments  were 
made  upon  the  effect  of  employing  brakes  upon  the  truck 
wheels  of  a  locomotive,  the  results  of  which,  it  is  believed,  are 
of  sufficient  interest  to  be  presented  to  the  Society. 

The  trains  drawn  were  composed  of  different  numbers  of  cars, 
and  were  run  at  speeds  corresjDonding,  as  nearly  as  possible, 
with  those  found  in  express-train  service.  The  experiments 
were  made  by  Messrs.  Fred  H.  Keyes  and  John  W.  Logan,  at 
that  time  students  of  the  Massachusetts  Institute  of  Technology, 
working  under  such  supervision  as  was  necessary  to  ensure  the 
reliability  of  the  results. 

Through  the  courtesy  of  Mr.  James  N.  Lauder,  then  Superin- 
tendent of  the  Old  Colony  E^ailroad,  the  experiments  were  made 
on  the  "  third  track  "  of  the  Providence  division  of  that  road, 
between  Forest  Hills  and  Hyde  Park  stations  ;  the  locomotive 
employed  being  No.  229,  of  the  eight  wheel,  or  American,  type, 
the  following  being  some  of  its  principal  dimensions  : 

Diameter  of  drivers 66  in. 

Cylinders 18  in.  X  24  in. 

Weight  on  drivers 63,000  lbs. 

Weight  on  truck 35,000  " 

Total  weight  of  engine 98,000  " 

Weight  of  tender  loaded 64,000  " 

The  cars  used  were  fifty  feet  passenger  cars,  having  an  average 
weight  of  43,000  pounds. 

*  Presented  at  the  iSew  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Engineers,  aud  forming  part  of  Vol.  XVI.  of  the  Trans- 
actions. 
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The  objects  of  the  experiments  were  to  determine  (1)  the  dis- 
tance in  whicli  the  train  could  be  stopped  with  the  truck  brakes 
applied,  as  compared  with  that  in  which  it  could  be  stopped 
when  the  truck  brakes  were  not  applied,  every  wheel  in  the 
train  having]:  brakes  acting  on  it.  (2)  The  distance  in  which  the 
train  could  be  stopped  with  all  brakes  applied,  the  throttle 
being  closed,  as  compared  with  that  in  which  it  could  be 
stopped  when  all  brakes  were  applied  and  the  throttle  was  left 
open. 

The  stops  were  all  made  with  the  train  running  south,  the 
V)rakes  being  applied  by  the  engineer,  as  nearly  as  possible, 
when  the  forward  end  of  the  engine  was  opposite  a  flag  at  the 
north  end  of  Hazelwood  station  platform. 

Stakes  were  driven  alongside  the  track  every  fifty  feet  for  two 
thousand  feet  beyond  the  flag. 
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Profile  of 
SECTION  OF  ROAD 
WHERE   TRAIN    STOPPED, 
F.  H.  Keye)        J.  W.  Logan 

1893. 
Average  Grade— 0.22 ^f 
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Fig.  15. 


This  part  of  the  road  is  perfectly  straight,  and  has  an  ascending 
grade  of  only  0.22  per  cent.,  as  shown  in  the  accompanying  pro- 
file (Fig.  15),  determined  within  a  week  of  the  tests. 

The  observfttions  taken  were  : 

(1)  Speed,  just  before  the  application  of  the  brakes. 

d)  Lengtli  of  stop. 

(3)  Train  pipe  pressure,  just  before  the  applicatiooi. 
C4)  Time  of  stop. 

The  speed  was  determined  by  averaging  the  results  obtained 
from  the  readings  of  two  revolution  counters,  one  of  which  was 
connected  with  the  cross-head,  and  hence  gave  the  number  of 
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revolutions  of  the  drivers,  while  the  other  showed  the  number 
of  revolutions  of  the  truck  wheels. 

The  length  of  the  stop  was  obtained  bj  observing  the  distance 
from  the  nearest  stake  to  the  forward  truck  wheel. 

The  train  pipe  pressure  was  determined  by  reading  the  gauge 
in  the  cab  just  before  the  application  of  the  brakes. 

The  time  from  the  application  of  the  brakes  till  the  train  came 
to  a  full  stop,  was  determined  by  an  observer  in  the  cab  by 
means  of  a  stop-watch. 

The  results  are  given  in  the  following  tables ; 
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In  the  following  comparative  table  a  selection  has  been  made 
of  tests  in  which  the  speed  was  quite  near  sixty  or  forty-five 
miles  per  hour,  and  the  equivalent  length  of  stop  with  a  train 
pressure  of  seventy  pounds,  and  the  two  above-stated  speeds, 
respectively,  were  calculated  in  each  case  by  means  of  the  formula 

Q     o  -t    1  ' 

Or  -    ^  l7Qp^2 

where 

Sr  =  length,  in  feet,  of  equivalent  stop,  from  speed    V  with  a 
train  pipe  pressure  of  70  pounds  per  square  inch. 

Si  —  length,  in  feet,  of  actual  stop. 

Px—  actual  train  pipe  pressure  in  pounds  per  square  inch. 

V  =  speed,  in  miles  per  hour,  at  which  the  equivalent  stop  is 
desired  (60  or  45  miles  i. 

r,  —  actual  ftpfcd  in  miles  per  hour. 
This  forniula,  although  it  is  only  approximate,  cannot  be  far 

from  corntct,  when  the  actual  speeds  and  train  pipe  pressures 

do  not  differ   greatly  from    those  corresponding  to  which  the 

equivalent  length  of  stop  is  desired. 

Whether  the  selection  of  individual  tests  to  be  used  in  the 

following  comparative  table  has  been  wisely  chosen  or  not,  the 

reader  can  det«'rniine  for  himself,  since  he  has  all  the  necessary 

data  in  the  preceding  general  table. 
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Number  of 
Stop. 

Speed 

per  hour. 

Miles. 

Number 
of  Cars. 

Truck  Brake. 
In  or  out. 

Length 
of  Reduced 
Stop.  Feet. 

1609 

1705 
2166 
21H2 
1052 

990 

973 
1301 
1282 

Average 

Length. 

Feet. 

Gain  in 
Feet. 

Gain 
in  Per- 
cent. 
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60 
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45 
45 
45 
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1242 

l:;81 

850 
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26 

29 

10 

34 
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60 
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111 

32 
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60 
60 
60 
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45 
45 
45 
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1411 
1452 
1593 
1493 

828 
808 
836 
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1432 
1543 

818 
861 

111 
43 

50 

47 

48 

7 

43 

44 

45 

46 

5 

52 

45 
45 
45 

Five. 

In. 
Out. 

705 
768 
706 

705 
737 

32 

53 

54 

4 

59 

60 
60 
60 
60 
45 
45 
45 
45 
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1256 

1246 
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744 

783 

770 

1217 

1251 
741 

780 

34 
39 

01 

62 

63 

57 

3 

58  

55 

56 

5 

This  comparative  table  speaks  so  plainly  for  itself  that  it 
seems  unnecessary  to  comment  upon  it  at  any  length.  That  the 
percentage  gain,  as  well  as  the  gain  in  feet,  should  be  greater  with 
short  than  with  long  trains,  was  naturally  to  be  expected ;  and 
both  the  general  and  the  comparative  tables  furnish  information 
as  to  the  amount  of  the  gain. 
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The  following  table  exhibits  the  difference  in  the  length  of  stop 
with  and  without  the  throttle  valve  closed. 


NnmU'r  of 
Stop. 


41. 

42. 

51. 

64 

65. 


Lengih   of 

Speed 

Number 

Truck  Brake. 

Lcnj^th 
of  Ilrduced 
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Length  with 

Steam. 

Stops, Sim- 
ilar Con- 

Differ- 

IKT hour. 

of  Care. 

In  or  out. 

Stop  with 

ditions. 
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Miles*. 

Steam. 

Without 

Steam. 

45 

Four. 

In. 

1037 

45 
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1033 

818 

215 
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1679 

1679 

U3i 

247 

45 

Six. 

it 
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45 
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STRAIGHTENING  A   LEANING   CHIMNEY  100 

FEET  HIGH. 

BY  JOSEPH  C.  PLATT,  WATERFORD,  N.  T. 

(Member  of  the  Society.) 

It  will  perhaps  be  interesting  to  those  having  similar  prop- 
erty, or  to  any  who  may  have  similar  work  to  do,  to  know  hovv*  a 
brick  chimney  100  feet  high,  which  leaned  about  28  inches,  was 
made  plumb.  This  chimney  is  that  of  the  Ormsby  Textile  Com- 
pany, of  Waterford,  N.  Y. 

It  was  erected  in  1893.  Soon  after  its  completion  it  was  found 
to  be  considerably  out  of  plumb  ;  and  when  first  measured,  in 
November,  was  found  to  lean  about  16  inches,  and  a  few  days 
later  22  inches.  Then  the  rate  of  increase  of  inclination  became 
less,  but  in  March,  189^1-,  it  was  28}  inches  out  of  line,  and  it  was 
decided  to  attempt  to  straighten  it.  The  factory  to  which  the 
chimney  is  attached  stands  on  the  north  side  of  the  north  outlet 
of  the  Mohawk  River,  and  distant  perhaps  one-third  of  a  mile 
from  the  west  bank  of  the  Hudson.  The  underlying  rock  in  this 
part  of  the  country  is  the  Hudson  River  shale.  Where  this  rock 
comes  to  the  surface  it  is  very  irregular  in  shape,  and  is  probably 
equally  so  where  it  has  been  covered  by  the  earth  deposit.  In 
the  vicinity  of  this  mill  no  rock  comes  to  the  surface  over  a  sec- 
tion about  three-quarters  of  a  mile  long  and  one  quarter  wide. 
The  earth  deposit  throughout  this  tract  is  apparently  quite  uni- 
form in  quality,  yet  a  great  variation  in  it  is  possible.  Since  it 
is  probably  all  a  river  deposit,  one  spot  may  be  good  earth  or 
sand  or  gravel  while  another  may  be  largely  vegetable  matter  and 
much  softer. 

In  giving  an  account  of  this  work  I  only  act  as  a  recorder  of 


*  Presented  at  the  New  York  meetinf];'  (December,  1894)  of  the  American 
Society  of  Mecharical  Engineers,  and  forming  part  of  Vol.  XVI,  of  the  Transac- 
tions. 
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facts  which  were  given  to  me  by  Mr.  C.  C.  Ormsby.  I  was  not  at 
home  when  most  of  the  work  w^as  under  way,  though  I  witnessed 
a  portion  of  it. 

The  chimney  jn-oper  is  rectangular  in  plan,  is  built  of  brick,  is 
9  feet  G  inches  square  at  the  bottom  and  5  feet  4  inches  square 
at  the  top ;  it  is  100  feet  high  and  has  a  central  flue  3  feet 
square.  The  estimated  weight  of  this  is  206  tons.  It  stands 
upon  a  foundation  which  is  li  feet  deep,  the  lower  4  feet  being 
of  concrete  al)out  14  feet  square,  on  which  rests  heavy  stone- 
work 10  feet  high,  14  feet  square  at  the  bottom  and  9  feet  6 
inches  square  at  the  top.  The  weight  of  the  foundation  is  about 
149  tons,  making  a  total  of  355  tons  resting  on  196  square  feet, 
about  1.8  tons  per  square  foot. 

Before  commencing  the  work,  soundings  were  made  on  all 
sides  of  the  proposed  site.  These  varied  from  20  to  38  feet  in 
depth  below  the  natural  surface  of  the  ground,  and  indicated  the 
same  character  of  soil  as  its  surface,  a  soft  alluvial  deposit  with 
streaks  of  sand,  but  with  no  hard  material  or  rock  or  bowlders. 
The  chimney  was  built  upon  this  soil  without  the  use  of  any 
piles.  Two  similar  chimneys  had  been  built  in  the  immediate 
vicinity  on  what  appeared  to  be  similar  material,  and  no  trouble 
had  been  experienced  with  these.  The  bottom  of  the  concrete 
is  about  two  feet  above  normal  summer  level  of  the  Mohawk 
River,  but  at  the  time  of  sounding  in  March  it  was  submerged 
about  four  feet,  it  being  found  that  the  water  rises  and  falls  in 
the  soil  in  the  vicinity  with  the  rise  and  fall  of  the  river. 

The  work  of  straightening  the  chimney  commenced  on  the 
19th  day  of  March,  181  >4.  A  scaffold  was  erected  about  the 
chimney,  and  eight  oak  timbers  six  inches  by  ten  inches  by  ten 
feet  were  placed  vertically  at  the  corners  at  a  height  of  42  feet 
above  the  stonework  and  four  and  one-half  feet  below  the 
centre  of  gravity  of  the  brickwork ;  the  object  of  the  oak  tim- 
bers bciing  to  spread  the  bearing  of  the  wire  ropes  over  as  large 
a  flection  as  practicable.     (Figs.  16  and  17.) 

Wire  ropes  were  passed  around  the  timbers,  and  another  wire 
rope  two  and  one-half  inches  in  diameter,  with  an  eye  in  each 
end,  was  fastened  to  the  first-mentioned  ropes  at  its  upper  eye. 
The  lower  eye  was  connected  with  a  system  of  pulleys  secured 
to  the  dock  at  the  river  edge  at  a  point  78  feet  distant  and  di- 
rectly oppositfj  tlir.  direction  in  which  the  chimney  leaned,  the 
pulleys  Ixjing  made  np  of  tliree  sets  of  double  and  single  blocks 
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78       sTRAnairENiNr,  a  leaning  chimney  lOO  feet  high. 

connected  together  in  series,  having  three  points  of  fastening  to 
the  dock  and  having  eleven  pnlleys  in  the  system.  Cables  were 
also  put  out  from  the  chimney  on  each  side  at  right  angles  to  the 
main  cable,  and  having  turn  buckles  to  tighten  them  ;  also  a 
jjuard  cable  in  rear. 

The  eartli  was  then  excavated  on  the  high  side  of  the  founda- 
tion nearly  half  way  around  to  the  bottom  of  the  foundation  (a 
depth  of  thirteen  feet)  and  the  main  cable  put  under  strain  with 
the  pulleys.  By  this  means,  in  the  course  of  three  weeks,  the 
chimney  was  brought  back  about  four  inches.  Then,  with  a 
post-hole  digger,  eight  inches  in  diameter,  eleven  holes  were 
sunk  vertically  in  the  bottom  of  the  trench  around  the  founda- 
tion, principally  at  the  highest  point,  to  a  depth  of  five  and  one- 
half  to  six  feet.  At  this  time  the  water  in  the  river  stood  uj)  to 
within  one  and  one-half  feet  of  the  bottom  of  the  foundation,  the 
ground  being  soft  to  a  depth  of  four  feet ;  it  then  became  very 
hard,  showing  that  the  strata  supporting  the  chimney  had  been 
reached.  No  movement  or  flow  of  the  soil  was  discovered  until 
the  eighth  hole  was  sunk  four  and  one-half  feet  and  the  tool 
withdrawn  for  clearance,  when  it  could  only  be  reinserted  read- 
ily about  three  feet  and  headway  made  very  slowly. 

From  this  removal  of  the  eartli  there  I'esulted,  within  a  few 
hours,  a  righting  of  the  chimney  to  the  extent  of  five  inches. 
This  increased  to  eight  inches  by  the  next  morning.  The  slack 
of  the  pulling  rope  was  taken  up  as  fast  as  the  chimney  moved, 
and  the  rope  was  kept  under  strain.  By  tightening  up  the  pul- 
ley roj)e  two  or  three  times  daily,  in  a  week  the  chimney  was 
brought  back  to  eight  and  three-quarter  inches. 

At  thi.s  point,  in  similar  manner,  the  post-hole  diggers  being 
reduced  to  six  inches  in  diameter,  about  one-fifth  as  much  more 
material  wa.s  removed,  immediately  followed  by  righting  the 
chimney  to  four  inches,  and  from  that  point,  after  filling  the 
boles  witli  fine  broken  stone  and  gravel  thoroughly  rammed,  by 
continued  daily  strain  on  the  main  cable,  the  chimney  was 
brought  l)ack  to  ])lumb  at  the  rate  of  a  quarter  of  an  inch 
pfjr«]ay.  'J  he  turn  buckles  in  the  side  cal^les  were  occasionally 
u.Hcd  to  control  any  t<;ndency  toward  lateral  inclination. 

The  work  has  ])een  accomplished  without  injury  to  the 
Htmcture.  Time  ahme  can  tell  for  how  long  it  will  retain  its 
position,  or  wlietlierthe  rising  and  falling  of  the  river  Avill  affect 
it     It  18  stated  tliat  some  chimneys  at  Louisville,  Ky.,  which 
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were  strai'^htened  in  a  similar  manner,  have  remained  in  proper 
position. 

This  chimney  settled  in  all  .508  of  a  foot. 

The  work  was  done  under  the  direction  of  the  owners,  by  a 
local  contractor,  following  methods  proposed  by  A.  T.  Sabin, 
C.  E.,  of  the  C.  O.  ct  S.  W.  RK  Co.,  who  had  knowledge  of  how 
similar  work  had  been  done  near  Louisville.  Below  is  given 
the  record  of  observations  of  the  movement  of  the  chimney  from 
the  first  discovery  of  its  extensive  settlement  until  brought 
back  plumb.  The  figures  under  AB  represent  the  distance 
out  of  plumb  at  the  bottom  of  the  brickwork  in  a  direction 
parallel  with  two  sides  of  the  base.  Those  under  BC  give 
the  distance  out  of  plumb  on  a  line  at  right  angles  to  the  first 
through  the  centre  of  the  chimney. 

MEASUREMENTS. 


Date,  1893. 

AB 

BC 

Nov.  6 

Nov.  8,  Ha.  m 

Nov.  8,  2  P  M 

Nov.  9 

Dec  5 

isw. 
Jan.      5 

16 

20 

22 

22.5 

24.25 

26 

27.375 
27.875 
28.125 
27.25 
24.875 
24.5 
22.3125 
19.:;75 
16.VJ5 
13.0775 
11.75 
10.25 
0,875 
9.1875 
8.75 
5.025 
4.4375 
4  0. '5 
2.025 
2.125 
1.4375 
1.125 

.8:5 

.025 
.5 

.125 
.0025 

4 

4.25 
5.5 

6.5 

6.875 

6.9375 

6.75 

6.75 

0.375 

5.8125 

5.75 

5.4375 

4.75 

4 

2*625 
2.4375 
2.4375 
2 
.875 
.875 
.375 
.25 
.25 
.0625 
.0(i25 

.125' 

".'1875 
.0025 

Feb.      1 

Feb.    27 

Mar.  17  

Excavalion  commenced. 

Mar.  23 

April    5 

April    9 

April  10.  10  a.  .m 

April  10,  1  p.  M 

April  19 

Apnl  20 

Nine  holes  bored. 
Two  holes  bored. 

April  21 

April  22 

April  I'S 

April  24 

April  2.*»,  7am 

April  J.*..  11.:^)  A.  M.. 

April  25,  1  p.  M 

April  25,  1.40  P.  M  .. 

April  26 

April  27.. 

April  28  

Bored  second  set  of  holes. 

April  29 

April  80 

May      1 

M«v     2 

M«V     « 

Mv 
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In  September,  1894,  the  chimney  leaned  nearly  two  inches 
towards  the  river,  and  away  from  the  mill.  This  inclination 
has  come  since  the  trench  was  filled,  and  is,  perhaps,  the  result 
of  the  weight  of  the  material  wn'tli  which  the  excavation  on  the 
high  side  of  the  foundation  was  refilled.  This  excavation  was 
s)  large  and  deep  that  the  material  used  to  fill  it  probably 
weighed  eighty  tons. 
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TESTS    OX    THE    TRIFLE   ENQIXE    AT    THE   MASSA- 
CHUSETTS IXSTITUTE   OF  TECHXOLOGY. 

BY   C.   U.   PEABODY   AND   E.   F.   MILLER,   BOSTON,   MASS. 

(Members  of  the  Society.) 

At  the  meeting  of  this  Society,  in  1892,  we  presented  data 
and  results  of  tests  made  on  the  triple  engine  in  the  laboratory 
of  steam  enc^ineering  at  the  Massachusetts  Institute  of  Tech- 
nology.-f  We  are  now  able  to  give  further  results,  which,  we 
believe,  lead  to  definite  conclusions  concerning  the  behavior  of 
our  engine.  Our  former  paper  gave,  at  length,  the  manner 
of  making  tests  and  calculating  results  in  vogue  at  our  labora- 
toiy,  and  the  precautions  employed  to  avoid  errors  of  observa- 
tion or  calculation.  It  is  not  necessary  to  describe  the  engine  at 
length,  but  the  main  dimensions  will  be  given  for  convenience  : 

High-pressure  Cylinder. 

Diameter   8.99  ins. 

Stroke 30.00  ins. 

Diamet^^r  piston-rod 2.19  ins. 

^  .  *    •  *      ^-     1  .  (C.  E.,  9.76. 

Clearance  in  per  cent,  of  piston  displacement \  ' 

(  rl.  ill.,  o.oo. 

„....,             ,  (C.  E..  1.037  cu. 

Pu.too  d.»pUcement ]h.  E,  1.102  cu.  ft. 

Intermediate  Cylinder. 

Diameter   16.01  ins. 

Stroke 30.00  ins. 

Diameter  pUton-rod 2.19  ins. 

t'x               ■                 *      f    •  *       V     1              *  (C.  E.,  10.9. 

(  learance  in  per  cent,  of  pii*toii  displacement  3 

Dj  .       .,     ,  ,  (C.  E.,  3.430  cu.  ft. 

Pisioo  dl}»placem<'nt -  ' 

*  (II.  E.,  3.495  cu.  ft. 

•  I*re.<<»-nt»Ml  at  the  New  York  meeting  (December,  1894)  of  the  American 
Htic'n^ty  of  .Mechanical  Engineer;*,  and  forming  part  of  Vol.  XVI.  of  the  Trans- 
twti  >n». 

f  Trnntiirtionn  of  iJcc  American  Society  of  Mechanical  Engineers,  Vol.  XIV.,  p. 
881.  No.  Till. 
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Low-pressure  Cylinder. 

Diameter 20.063  iiis. 

Stroke 30.00  ins. 

Diameter  piston-rod 2.16  ins. 

Clearance  in  per  cent,  of  piston  displacement 3    *     *'  ^'*-'*^'- 

IH.E.,  12.18. 

Piston  displacement j  C  E.,  7.831  cu.  ft. 

]H.  E.,  7.894  cu.  ft. 

Our  paper,  printed  in  1892,  showed  conclusively  that  the  best 
results  were  obtained  when  steam  was  admitted  to  the  jackets 
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Per  cent  cut-off  on  High  Pressure  Cylinder 

Fig.  18. 
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on  the  cylinders  of  the  engine,  but  not  to  jackets  on  the  inter- 
mediate receivers. 

This,  in  our  opinion,  does  not  show  that  intermediate  re- 
heaters  are  bad,  but  that  they  appear  to  be  superfluous  for  our 
engine.  The  curve  representing  the  series  of  tests  made  under 
these  conditions,  with  the  per  cent,  of  cut-off  on  the  high-press- 
ure cylinder  for  abscissae,  and  with  B.  T.  IT.  per  horse-power 
per  minute  for  ordinates,  appeared  to  be  so  well  located  and  so 
characteristic  that  it  was  chosen  as  a  sort  of  standard  for  refer- 
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ence,  ami  drawn  on  all  of  our  diagrams  ;  it  has  been  repeated 
on  our  diagrams  representing  the  present  tests. 

These  tests  are  divided  into  three  series  in  the  table  appended 
io  the  paper : 

Tests  1  to  8  had  steam  in  the  jackets  on  the  heads  of  the 
throe  cylinders  only. 

Tests  1)  to  18  had  no  steam  in  any  jacket. 

Tests  19  to  21  liad  steam  in  the  jackets  on  the  heads  and  bar- 
rels of  the  three  cylinders. 

Steam  was  not  admitted  to  the  jackets  or  intermediate  re- 
heaters  on  the  intermediate  receivers,  in  any  of  the  tests. 

The  first  two  series  are  naturally  the  most  interesting  ;  the 
third  series  of  three  tests  was  made  to  establish  a  comparison 
l^etweon  the  present  condition  of  the  engine  and  the  condition 
in  1892.  In  the  interim  the  cases  of  certain  large  valves  and 
the  heads  of  the  receivers  have  been  covered  with  non-conduct- 
ing material,  with  a  definite  though  small  gain  in  efiiciency,  as 
is  shown  by  the  diagram  (Fig.  18).  The  plain  curve  shows  the 
heat  consumption  before  the  change,  and  the  three  crosses 
show  as  many  tests  after  that  change.  In  1892  the  engine  used 
240  B.  T.  U.  per  horse-power  per  minute,  with  the  cut-off  at  25 
per  cent,  on  the  high-pressure  cylinder  ;  in  1894,  with  the  cut- 
off at  23.6  per  cent.,  the  consumption  was  235  B.  T.  U.  ;  the  gain 
from  the    additional    non-conducting  covering    was  apparently 

240-285      ,^„      „  . 

— ^Yr, —  X  100  =  2  per  cent. 

A  comparison  of  the  tests  19,  20,  and  21  of  1894  with  the 
teHts  <>{  1892  shows  that  the  steam  in  the  cylinders  at  cut-off 
and  relrase  was  dryer  after  the  additional  non-conducting  mate- 
rial was  aj)plied  ;  this,  of  course,  confirms  the  result  of  the  com- 
parisons of  the  heat  consumptions,  and  both  results  are  what 
might  have  been  anticipated. 

It  is,  however,  a  fact  that  the  unavoidable  error  of  the  deter- 
mination of  the  indicated  horse-power  of  an  engine  amounts  to 
a  lar^e  j)art  of  tlio  (juantity  under  discussion.  We  recognize 
al8o  tbr*  liazarrl  of  applying  the  conclusions  from  two  or  three 
tests  to  conditions  different  from  those  of  the  tests,  even  though 
those  conditions  are  not  very  dissimilar.  We  have  concluded  to 
base  all  of  our  comparisons  of  the  relative  economy  of  running 
our  engine  with  and  without  steam  in  the  jackets,  on  the  tests 
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made  on  the  engine  in  1892,  without  modification.  Any  one  may 
allow  1  or  2  per  cent,  for  the  improved  condition  of  the  engine, 
if  he  desires  to. 

The  series  of  tests  numbered  1  to  8,  with  steam  in  the  jackets 
on  the  heads  of  the  cylinders,  are  represented  in  Fig.  19.  The 
curve  is  well  determined,  and  shows  a  minimum  heat  consump- 
tion of  262  B.  T.  U.  per  horse-power  per  minute,  with  the  cut- 
off at  30  per  cent,  on  the  high-pressure  cylinder.  Assuming 
the  consumption  to  be  233  B.  T.  U.  per  horse-power  per  minute, 
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Pep  cent  cut-off  on  High  Pressure  Cylinder 

Fig.  19. 
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at  the  minimum,  with  steam  in  the  jackets  on  the  barrels  and 
heads,  the  ratio  of  the  consumption  is 

233:262  ::  1  :  1.12. 


Most  unexpectedly  we  have  found  a  great  deal  of  difficulty  in 
getting  concordant  results  from  tests  made  on  our  engine  with 
no  steam  in  the  jackets.  After  having  started  a  leak  at  one  of 
the  cylinder  liners  by  starting  the  engine  without  steam  in  the 
jackets,  we  have  fallen  into  the  habit  of  blowing  steam  through 
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the  jackets  before  stiirting.  Now,  the  steam  in  the  jackets  brings 
the  engine  up  to  its  maximum  temperature  promptly,  and  the 
engine  test  may  be  be^^un  in  fifteen  minutes  or  half  an  hour 
after  tlie  engine  has  started  ;  the  condition  of  the  steam  in  the 
cylinder  durin<]f  a  test  under  such  treatment  yaries  but  little. 
On  the  otlier  hand,  after  the  engine  is  well  heated  up  by  the 
jackets,  the  stored  heat  has  an  influence  on  the  condition  of  the 
steam  in  the  cylinders  for  an  hour  or  more  after  the  jackets 
have  been  shut  off;  this  is  shown  by  the  fact  that  the  steam  in 
the  cylinders  gradually  becomes  more  moist  and  the  steam  con- 
sumption gradually  increases.  As  our  laboratory  is  kept  yery 
busy  with  a  yariety  of  work,  we  find  it  often  inconyenient  or 
impossible  to  run  the  engine  at  full  load  and  under  the  condi- 
tions of  the  test,  for  an  hour  or  two  before  the  test  begins ;  and 
many  of  our  tests  without  steam  in  the  jackets  show  the  in- 
fluence of  stored  heat  eyen  though  we  allow  all  the  time  we  can. 
The  full  effect  of  this  difiiculty  was  realized  only  after  the  work 
for  the  year  was  substantially  finished,  and  as  we  shall  proba- 
bly haye  the  difficulty  always  with  us,  we  haye  concluded  to 
report  our  tests  for  what  they  are  worth.  It  is  to  be  remarked 
that  the  scattered  effect  of  points  on  Fig.  18,  representing 
tests  without  steam  in  the  jackets,  is  largely  due  to  the  exagger- 
ated yertical  scale,  and  that  the  discrepancies  are  not  so  great 
as  they  appear.  Thus,  with  the  cut-off  on  the  high-pressure 
cylinder  at  about  31  per  cent.,  we  haye  the  heat  consumption 
varA'ing  from  207  to  278  B.  T.  U.  per  horse-power  per  minute ; 
that  is  in  the  ratio 

267:278  ::  1.04, 

and  the  variation  of  either  extreme  from  the  mean  is  not  more 
than  2  per  cent. 

If  we  assume  the  minimum  heat  consumption  without  jackets 
to  occur  with  the  cut-off  on  the  high-pressure  cylinder  at  30  per 
cent.,  and  to  be  270  B.  T.  U.  per  horse-power  per  minute,  we 
may  make  provisional  comparisons  with  the  consumptions  with 
steam  in  tlio  jackets  on  the  heads,  or  with  steam  in  the  jackets 
on  heads  and  barrels. 

The  ratio  of  the  heat  consumptions  with  steam  in  all  the 
jackets  and  without  steam  in  the  jackets  is 

233  :270  ::  1:1.16. 
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The  ratio  of  the  heat  consumptions  with  steam  in  the  jackets 
on  the  heads  and  without  steam  in  the  jackets  is 

262  :  270  : :  1  :  1.03. 

It  is  our  opinion  that  the  heat  consumption  of  this  engine  is 
really  larger  than  270  B.  T.  U.  per  horse-power  per  minute,  and 
that  the  gain  from  the  use  of  steam  in  the  jackets  is  larger  than 
is  shown  by  the  preceding  ratios,  to  the  extent  of  1  or  2  per 
cent. 

Two  remarkable  and  to  us  unexpected  conclusions  appear  to 
corns  from  our  tests  on  jacketing :  (1)  that  there  is  compara- 
tively little  effect  from  jacketing  the  heads  of  the  cylinders  of 
our  engine ;  (2)  that  the  gain  from  jacketing  is  less  for  very 
short  cut-off  than  for  a  cut-off  at  30  per  cent,  on  the  high- 
pressure  cylinder,  at  which  our  engine  finds  its  minimum  con- 
sumption. 
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DISCUSSION. 

Prof,  D.  S.  Jacohis.— These  tests  of  Professor  Peabody  appear 
to  be  very  carefully  made,  and  the  general  result  agrees  with  those 
which  have  been  obtained  by  Professor  Keynolds,  of  Manchester, 
and  on  the  engine  of  Professor  Alden  at  Worcester,  which  is  that 
in  small  engines  the  gain  due  to  jacketing  may  be  considerable. 
It  is  not  logical,  however,  to  apply  the  same  reasoning  to  larger 
commercial  engines,  because  for  greater  dimensions  of  cylinders 
the  ratio  of  the  surface  to  the  cylinder  volume  is  different,  and  we 
know  that  we  get  different  results.     Even  in  an  engine  tested  in 
the  way  these  were,  it  is  difficult  to  apply  the  results  to  larger 
engines.     For  example,  these  tests  are  compared  at  equal  cut-offs. 
But  vou  will  notice  in  the  table  that  for  equal  cut-offs  the  horse- 
power generated  for  a  given  cut-off  without  the  jacket  is  much  less 
than  the  hoi-se-power  generated  for  the  same  cut-off  when  the 
jacket  is  in  use.     For  example,  at  24  per  cent,  cut-off  we  find  86 
liorse-power  without  jacket,  and  over  100  when  jackets  are  in  use. 
To  make  the  comparison  exactly,  you  would  have  to  preserve  the 
cut-fjff  at  .2-i  and  have  the  horse-power  the  same,  and  to  do  that 
we  would  have  to  make  the  engine  without  the  jacket  larger  than 
the  engine  with  the  jacket,  but  then  we  get  a  different  law  of 
cylinder  condensation.     This  is  well  shown  by  Dr.  Emery  in  his 
exhaustive  tests  at  the  Novelty  Works,  which  prove  that  the  cylin- 
der condensation  for  large  cylinders  is  much  less  than  for  small 
ones.      So  that,  if  w^e  alter  our  dimensions   for  our  engines  in 
order  to  preserve  the  same  cut-off  and  horse-power,  we  would 
diminish  the  difference  shown  by  Professor  Peabody  in  favor  of 
jackets.     We  cannot,  therefore,  predict  results  for  large  commer- 
cial engines  from  the  results   obtained  by  tests  of  these  small 
engines.     If  we  w^ant  to  predict  the  result  for  any  engine,  we 
should  c^jmpare  it  with  a  test  of  some  engine  which  is  similar  in 
its  ami  Uj  the  engine  of  which  we  seek  to  ascertain  the  economy. 
Pvftf.  C.  11.  J*('(iho(lij* — We  agree  with  Professor  Jacobus  that 
extreme  caution  is  required   in  trying  to  infer  the  effect  of  any 
device  applied  to  a  large  engine  from  the  results  of  tests  made  on 
a  .small  engine,  but  we  cannot  admit  that  an  engine  with  a  cylinder 
24  inches  in  diameter  and  30  inches  stroke  is  a  small  en^nne.     We 
are  of  the  opinion  that  any  device  which  shows  an  amelioration 
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of  the  bad  effects  of  initial  condensation  on  such  an  eno:ine  will 
have  a  like  effect,  though  in  a  somewhat  less  degree,  on  an  engine 
which  differs  from  it  only  in  beino^  several  times  as  larofe. 

We  fail  to  see  the  force  of  the  last  remarks  of  Professor  Jaco- 
bus. The  engine  shows  its  best  economy  at  about  30  per  cent, 
cut-off  for  the  high-pressure  cylinder  with  or  without  steam  in  the 
jackets.  The  curve  of  thermal  units  per  horse-power  per  minute 
with  steam  in  the  jackets  is  well  determined,  as  will  be  seen  by 
referring  to  our  previous  paper.*  and  it  shows  that  the  heat  con- 
sumption is  increased  about  two  per  cent,  by  shortening  the  cut-off 
to  twenty-five  per  cent,  on  the  high-pressure  cjdinder.  On  the 
other  hand,  the  distribution  of  the  points  showing  the  heat  con- 
sumption without  steam  in  the  jackets  shows  that  the  cut-off  may 
be  lengthened  to  a  larger  extent  with  a  less  effect  on  the  consump- 
tion. It  therefore  appears  that  a  comparison  of  the  performance 
of  the  engine  with  and  without  jackets  when  developing  the  same 
horse-power  will  show  substantially  the  same  result  as  that  given 
in  our  paper. 

Again,  if  it  be  admitted  that  an  engine  without  jackets  might 
be  advantageously  made  larger  for  the  same  work  than  would  be 
required  if  jackets  were  used,  it  is  impossible  that  the  increase  of 
size  by  one-fifth,  or  somewhat  more,  can  have  a  marked  effect  on 
the  initial  condensation. 

*  Transactions  of  the  American  Society  of  Mechanical  Engineers,  Vol.  XIV.,  p. 
386. 
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A    GRAPHICAL  METHOD    OF  DESIGNING   SPBINGS. 


BY  G.   R.   HENDERSON,  ROANOKE,  VA. 

(Member  of  the  Society.) 

At  the  Pittsburgh  meeting  of  this  Society,  in  1884,  Mr.  John 
W.  Cloud  presented  an  interesting  paper  on  Helical  Springs,t 
which  has  been  largely  used  by  parties  designing  springs  for 
railway  equipment  and  similar  purposes.  He  plainly  demon- 
strated that  a  circular  cross-section  of  bar  was  the  most 
economical  one,  and  we  are  glad  to  note  that  all  other  shapes 
of  sections  are  gradually  passing  out  of  existence,  and  that  the 
circular  section  is  taking  their  place. 

The  formulas  which  Mr.  Cloud  gave,  and  which  have  most 
general  use,  are  those  for  strength  and  deflection  of  the  spring 
of  circular  section,  viz.  : 

16  i? ^  ^ 

/=3^^^^^ (2) 

P  =  load  on  spring. 

S^  =  maximum  shearing  fibre  strain  in  bar. 
d  =  diameter  of  steel  of  which  spring  is  made. 
li  =  radius  of  centre  of  coil. 
/  =  length  of  bar  before  coiling. 
G  =  modulus  of  shearing  elasticity. 
/  =  deflection  of  spring  under  load. 

•  Presented  at  the  New  York  meeting  (December,  1894)  of  the  American 
■  of  Mechanical  Engineers,  and  forming  part  of  ViA.  XVI.  of  the  J'rans- 

t  Tran$artionii  of  the  American  Society  of  Mechanical  Engineers,  Vol.  V.,  p. 
173,  No.  142. 
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Eeuleaux,  in  Der  Konstrukteur,  gives,  for  semi-elliptic  springs  : 

(3) 


P  = 


and 


where 


/  = 


6^ 


QPl? 


EnhW 


(4) 


S  ~  maximum  direct  fibre  strain  in  plate. 
n  =  number  of  plates  in  spring. 
I  =  one-half  length  of  spring. 
P  =  load  on  one  end  of  spring. 
h  =  width  of  plates. 
h  =  thickness  of  plates. 
/  =  deflection  of  end  of  spring. 
E  =  modulus  of  direct  elasticity. 
The  above  formula  for  deflection  can  be  relied  upon  where  all 
the  plates  of  the  spring  are  regularly  shortened  (see  Fig.  20) ;  but 
in  semi-elliptic  springs,  as  used,  there  are  generally  several  plates 
extending  full  length  of  spring  (see  Fig.  21),  and  the  proportion 
of  these  long  plates  to  the  whole  number  is  usually  about  one- 
fourth.     In  such  cases  the  value  of 


/= 


5.5  PP  * 
EnhV 


(5) 


While  all  these  formulae  are  simple,  yet   containing  several 
variables  and  powers,  a  great  deal  of  time  is  often  consumed  in 


*  For  a  spring  with  all  the  plates  full  length  we  would  have 


/ 


Enhh' 


so  for  one-fourth  of  the  leaves  full  lengtb,  the  deflection  would  be  decreased 
approximately  one-fourth  of  the  difference  between 


-yr-rj-:,        and 


4.PP 
Enbh' 


or 


5.5  Pl^ 
EiibU^ ' 


Fig.  20. 


Fig.  21. 
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determiiiiug  the  most  advantageous  proportions  for  tlie  purposes 
required.  The  writer,  having  much  spring  designing  to  do,  has 
therefore  hiid  out  a  few  simple  diagrams,  which  facilitate  greatly 
the  calculations  of  proportions  of  new  springs,  and  the  properties 
of  springs  whose  proportions  are  know^n. 

In  the  Engineer iu'j  Keirs  of  September  28,  1893,  Prof.  W.  F. 
Durand.  member  of  this  Society,  called  attention  to  the  use  of 
logarithmic  cross-section  paper  for  rapidly  solving  equations 
containing  variables  affected  with  various  indices,  and  it  is  to 
the  use  of  this  paper,  in  connection  with  these  spring  formulae, 
that  I  desire  to  call  your  attention* 

We  will  tirst  decide  on  the  values  to  be  given  the  several 
constants  in  the  above  equations. 

^S"^  should  be  taken  at  80,000  pounds  per  square  inch, 
when  spring  is  down  solid.  This  is  equivalent  to  a  value  of 
i9=  100,000  pounds  per  square  inch,  and  is  well  inside  of  the 
elastic  limit  for  tempered  round  steel  up  to  If  inch  diameter. 

S  should  be  taken  at  80,000  pounds  per  square  inch,  with 
maximum  static  load  on  spring ;  the  test  load  may  be  25  per 
cent,  greater,  or  up  to  100,000  pounds  per  square  inch,  and  the 
oscilla'ions  may  cause  this  strain,  or  slightly  more. 

£  may  be  taken  at  30,000,000  pounds. 

G  may  be  taken  at  12,000,000  pounds. 

Referrin',^  now  to  diagram  No.  1  (Fig.  22),  "  Strength  of  Helical 
Springs,"  we  take  formula  1, 

P  ~  ^n  7j">  considerin*'  that 
lb  II  " 

P  —  tons  (2,000  pounds)  load  on  spring  when  down  solid. 
S^  =  80,000  pounds,  or  40  tons,  when  down  solid. 
If  U  and  (I  are  in  inches,  then 

^  =  -j'i.  y^  =  ^'  ^j,,  and  log.  I'  =  log.  C  -  log.  B  +  3  log.  d, 


when 


C  =  ^';  =  7.85. 


.'.  lo^r.  P  =-.  log.  7.85  -  log.  7^  +  3  log.  d (6) 

•  For  explanation  of  logarithmic  cross-section  paper,  see  Engineering  JVews, 
Vol.  XXX.,  p.  248. 
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Starting,  then,  at  point  7.85  on  the  axis  of  ordinates,  we  find 
that  log.  7?  is  — ,  and  its  coefficient  =  1,  so  we  draw  a  line 
downwards  at  an  angle  of  45  degrees  (tan.  =  1).  3  log.  d  we 
represent  by  lines  drawn  upward  (  +  ),  and  at  an  angle  whose 
tangent  is   3.     Now,  if  we  wish  to  know  the  safe  load  in  tons 


Diagram  No.l 
cl  and  R^ 


1 


STRENGTH   OF   HELICAL   SPRINGS 
2  3  4  5 


8        9     10 


9     10 


Fig.   22. 

P  =  ^^  =  ^4^  '  «"d  log.  P  =  log.  C  -  log.  B  +  3  log.  d. 
lb  Jx  11 

C  =  7.85.    .-.  log.  P  =  log.  7.85  -  log.  B  +  S  log.  d. 

P=:tons  safe  load  on  spring  when  spring  should  be  &olid  ;  /Ss  =  40  tons  of 

2,000  lbs.  each,  safe  ult.  6bre  strain  ;  E  =  radius  of  coil,  and  d  =  diam.  wire,  in 

inches. 

on  a  spring  whose  radius  B  —  2  inches,  and  diameter  of  bar 
d  =  J  inch  =  .75  inch,  we  follow  down  the  diagonal  line  from 
7. 85  to  intersection  with  ordinate  marked  2,  which  occurs  at 
3.93  on  the  vertical  scale.     As  d  <  1,  start  at  right-hand  side. 
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at  3.93  vertically,  mul  run  down  parallel  with  the  slant  lines  to 
7.5  (.75  X  10,  considered  to  be  in  the  contiguous  left-hand 
square,  as  any  number  less  than  one  has  a  negative  logarithm) 
ordinate,  and  read  1.65  tons  off  on  the  vertical  scale;  at  this 
load  the  spring  should  either  be  solid,  or  arranged  so  that  no 
further  strain  could  come  upon  it.* 

DEFLECTION  OF   HELICAL   SPRINGS 


Diagram  \o,2 
1 

d  and  J?= 


1  2  3  4 

Fig.  23. 
30  pmr  jn 

f=  -,,   ^4.  andforP  =  ltx)n,  an(U  =  100",  /=.17~. 
Gnd*  '  '  "^  d* 

^^i\^.f-  lojr.  .17+2  log.  11-  A:  lofT.  d. 

/  =  deflection  witli  one  ton  load,  if  Hpring  were  100  inches  long;  R  =  radius  of 

coil,  in  inches  ;  d  =  diiim.  of  wire,  in  inches. 

If  d  =  \\  inch,  then  run  up  on  left  side  from  3.93  and  find 
at  intersection  with   1.25  ordinate,  7.6  tons.      By  reversing  the 

•Ills  cnfltomary  to  give  heliral  springs  a  maxinnum  static  load  about  one- 
half  the  jtolid  lr>ad,  though  two-thirds  is  s^-meiimes  used. 
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process,  the  size  of  steel  for  a  given  load  may  be  found,  and,  in 
fact,  every  variation  of  the  problem  may  be  quickly  considered. 
A  careful  inspection  of  the  diagram  will  readily  show  how  easily 
this  may  be  done. 
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Fig.  24. 


nh  ^  -^,,  PI  =  CPl,  and  log.  nb  r=  log.  C  +  log.  I  +  log.  P. 


Values  of  Cfor  values  of  ;^  =  I  ^^^'^      1^1      L     ^5     L 

P  =  tons   total    safe  wording  L^ad    on    spring;  ^  =  span,  in    feet;   ?i6  =  total 
width  of  plates,  in  inches;  h  =  thickness  of  plates,  in  inches. 

In  designing  a  spring,  after  we  have  determined  the  size  of 
steel  and  coil,  we  must  next  consider  the  deflection.  Diagram 
No.  2  (Fig.  23 j,  "  Deflection  of  Helical  Springs,"  is  drawn  up  from 

formula  2, 

39  p/?7 
f  =  —  in  the  following  manner : 

'^  Gnd' 
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Determine  the  ilellection  for  1  ton  of  load  and  for  length  of 
100  inches  by  letting  P  =  2,000  pounds  (1  ton), 

/  =  100,  and  0,  as  above,  12,000,000,  then 

•^  =  G^'  =  ''^  sr^  ""^ 

log. /  =  log.  .17  +  2  log.  i?- 4  log.  6? (7) 

where  t  =  the  deflection  in  inches  per  ton  of  load  at  100  inches 
long,  7?  and  d  being  in  inches. 

Now,  starting  at  ordinate  .17  (considering  unity  at  upper 
boundary  line),  we  represent  +  2  log.  B  by  an  upward  line 
whose  tangent  is  2,  and  reproduce  it  a  second  time,  as  in  an 
upper  superimposed  square  ;  —  4  log.  d  we  represent  by  the 
downward  (  —  )  lines  inclining  at  an  angle  whose  tangent  is  —4. 

Thus,  a  spring,  with  bar  70  inclies  long  before  coiling,  with 
/?  =  2  inches  and  d  =  li  inch,  would  deflect  .3  inch  per  ton  of 
load. 

Run  up  line  marked  R  to  abscissa  2,  at  .68,  and  then  down 
the  alant  lines  from  .68  to  abscissa  1.125,  and  find  .43  inch,  and 
as  this  is  for  I  =  \00  inches,  then  .43  x  .70  =  .8  inch  =  deflec- 
tion per  ton  of  load  for  given  spring. " 

*  Doable  coil  springs  in  nests.     Combining  formulae  1  and  2  we  have 

mRH   S,7id^  _2RlSs_2Ss    El 
^~  Gnd*  '  WU  ~    Gd     ~   O    '  d' 

and  tmfmnat  be  the  same  for  both  coils,  -jr-  should  equal  —   (capitals  for  out- 

side  coil  and  small  letters  for  inside  coil). 
Now  ibe  solid  height  rau-t  be  the  same,  so 

LD        Id  LD      Id     ^        R       ^^      ^  r 

n — n  =  o —  '     or     — rr-  =  — .    Let    —  =  N,  and  -^  =  n, 
2nR      2nr  R        r  I)  d         ' 

then  ML  =  nt  and  L  =  ^^  and  also  ^=  — ,  and  L  =   -~. 

Jy  N      n  n 

nl       Nl  n         N 

'■  x--  —'    OJ"     %r  =   ~>     or    If^  =  n\     and    N  =  n- 

L  _  I,     and      ,.  =      , 
D      d 

that  Is,  the  lengthn  of  both  coilg  nhould  be  the  same,  and  the  diameter  of  steel 
should  be  proportional  to  the  rewpeclive  radii  of  the  coils. 
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Let  US  now  take  up  elliptical  springs.  Diagram  No.  3  (Fig.  24), 
"  Strength  of  Elliptical  Springs,"  was  constructed  as  follows  : 

C      7  7  2 

In  formula  3,  P  =     aj  ^  ^  ^^^  made  equal  to  half  the  total 

load  on  spring,  and  I  equal  to  half  the  span ;  but  we  will  now 
consider  that  P  =  total  safe  working  load  on  spring,  in  tons,  and 
I  =  span,  in  feet ;  other  values  as  above,  then, 

40  nhh'    _  ^hh\ 
^  6{i-12l)~  "361  ■    ^"""^ 

and  log.  nh  =  log.  C  4-  log.  I  +  log.  P (8) 

For  h  =  i  inch,     j%  inch,     f  inch,     j\  inch,     J  inch. 
C=   7.2,  4.61,  3.2,  2.35,        "l.S. 

As  these  components  are  all  positive,  and  all  of  the  first 
power,  the  slant  lines  will  all  be  at  an  angle  of  45  degrees,  and 
in  the  first  quadrant ;  and  there  should  be  lines  starting  at  1  8, 
2.35,  3.2,  4.61,  and  7.2,  to  correspond  with  the  different  values  of 
C  given  above. 

Take  a  semi-elliptic  spring  of  3  feet  span,  to  carry  5  tons 
static  maximum  load,  and  to  be  made  of  f  inch  x  3  inch  steel 
plates.  Start  at  3.2,  and  follow  up  to  intersection  with  ordinate 
3  at  9.6,  then  from  9.6  the  slant  line  ends  at  10  without  reach- 
ing ordinate  5  for  value  of  P.  We  must,  therefore,  follow  up 
from  the  same  point  projected  to  base  line,  remembering  that 
we  are  now  in  a  superimposed  square,  as  far  as  values  in  the 
vertical  are  concerned,  and  that  readings  are  to  be  multiplied 
by  10.  The  intersection  with  ordinate  5  is  at  4.8,  or  multiplied 
by  10  —  48  inches  for  nh,  and  as  plates  are  to  be  3  inches  wide, 
4^-  =  16,  as  the  number  of  plates  needed. 

If  the  spring  be  double,  or  full  elliptic  (as  in  passenger  cars), 
nh  refers  to  the  plates  in  one-half  of  spring  only. 

For  the  deflection  of  semi-elliptic  springs,  see  diagram  No.  4 

5  5  Pl^ 
(Fig.  25).    Formulas,  /—    '     , , ,  ,  reduced  to  the  same  values  as 

formula  8,  becomes 

5.5  PI'  ^  5.5  X  1,000  X  (V  If  ^      V_ 
^       EnhW  30,000,000  n^/i^  nV 
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where  f  ^  dellectiou  in  iuclies,  per  ton  of  load,  and  for 

li  -    \  inch,     §  i^^ch,     ^  inch, 
(7=      2.53,         .75,  .31, 

„.      5.5  X  1,000  X  6^ 
C  equalhng  -  30,000,0001.^    ' 


so 


lojT.  f-  log.  (7  -f  3  log.  /  -  log.  rh 


(9) 


10 

9 

8 


DEFLECTION   OF   SEMI-ELLIPTIC  SPRINGS 
IHagrnm  Xn.4 
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1.  JanH  nh^l.lO 


10 


3  4 

lO  100 


5  6         7         8       9       10 

100  100  1000 


J31 


2JS3 


1.10 


10 


10  100 

3  4 


100  IOC  1000 

5  6         7        8        9      10 


Fig.  25. 


J    '  ,u  1-  i....«*n^  ff^"  i*  =  1  ton  (2,000  lb ^)  and  ^  in  feet, /^  C     = 
16  AnA/t*  '  ''  nb' 

I»ff.  /=  lop.  C  +  3  log.  /  -  log    /,b. 

Value,  of  C  for  val.,e„of  ;,==]*  =  2^,3    .75     .31 

/=  deflection,  in  incliBH,  per  tf  n  of  load  ;    I  =  .span,  in  feet  ;    rib  =  total  width 
of  plmU«,  in  inche.**;  h  =  thickm-s-i  of  plates,  in  inches. 
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And  from  points  2.53,  .75,  and  .31  we  must  draw  upward  lines 
whose  tangent  is  3,  and  for  log.  nh,  lines  downward  at  45  degrees. 
(All  the  3  log.  /  lines  must  be  extended  to  run  into  one  or  more 
superimposed  squares.^ 


DEFLECTION   OF   ELLIPTICAL    SPRINGS 
Diagram  Xo.S 
1  2 

1.  lOlancJ  nh==^10 


10  100 


4 
100 
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8        9      10 
1000       10 


1.  10 


lOlOO 

Fig.  26. 
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f=  ,,.,',  and  for  P  =  1  ton  (2,000  lbs.)  and  I  in  feet,  /=  C-j- 

Log.  /=  log.  (7+3  log.  I  —  log.  nh. 

Values  of  C  for  values  oi  h  =  \  ^  _  ^\^    ^ ^^     go 

/=  deflection,  in  inches,  per  ton  of  load;  I  =  span,  in  feet;  nb  =  total  width  of 
plates,  in  inches  (h  spring);  h  =  thickness  of  plates,  in  inches. 

Taking  the  spring  above  considered,  we  follow  up  from  .75 
(7.5  -^  10)  to  top,  start  at  bottom  and  run  up  second  line  marked 
-;[,  then  again  up  third  line  marked  |  to  intersection  with  ordi- 
nate 3,  we  read  2  x  10  (as  we  have  passed  to  second  upper 
square)  —  20.    Now,  from  20  downward  we  pass  unity  x  10  —  10, 


10-2 
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and  then  from  top  to  liglit  side  we  run  off  at  2  (having 
reached  only  nh  =  10\  then,  starting  again  at  2  on  axis  of  ordi- 
nates,  run  down  into  lower  square  (^reading  -^  10)  to  intersection 
with  48  i4.8  X  10),  we  find  /'  =  4.15  ^  10  =  .415  inch  per  ton  of 
load,  and  for  5  tons/' =  .415  x  5  =--  2.075  inches. 

For  the  deflection  of  elliptical  springs  we  refer  to  formula 

Xo  4,  /  =  ^  ,  V-^,  and  diagram  No.  5  (Fig.  26).    Now,  P  and  I  must 
EfWfC 

be  treated  as  in  the  last  case,  but  the  spring  being  composed 

of  a  pair  of  springs  (one  erect  and  one   inverted),  the  value 

of/'  must  be  doubled,  so 

,_  12_PP  _  12  X  1,000  X  (V-?)^  ^      j^ 


Enbh 


30,000,000  nbh^ 


„.      12  X  1,000  X  6^ 
6  equalling  ^^^^g^^^, 

and  r'V>eing  the  deflection  in  inches  per  ton  of  load,  while  for 


h  =  I  inch,  t  inch, 
C=    5.53,    1.64, 


I  inch, 
.69 ;   therefore, 


log./=  log.  C  +  3  log.  I  —  log.  nh 


(10) 


A.S  the  method  of  using  the  diagram  (No.  5)  is  identical  with 
diagram  No.  4,  it  will  not  be  necessary  to  give  an  example. 

In  order  to  show  that  these  formulae  (which  have  been  deduced 
theoretically)  are  perfectly  practical  in  their  application,  we  give 
bolow  some  actual  tests  of  springs,  showing  also  the  results  as 
found  by  the  diagrams. 


Tests  of  Helical  Spiunos. 


K<f.  No 

i: 

!   n 

1 

/ 

No. 
tested. 

/  max. 

/mill. 

/avff. 

/iiy 

diagram. 

1 

.75 

71 

10 

.74 

.70 

.73 

.76 

'i  .  . 

'  ' ' .  i 

.94 

fj4 

12 

.66 

.50 

.53 

.55 

j> 

'z .  ou 

1.25 

74 

10 

.32 

.20 

.31 

.33 
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Tests  of  Semi-Elltpttc  Springs, 


Ref.  No. 

4 
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6 
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h 

I 

nh 

No. 
tested. 

/max. 

/min. 

/avg. 

i 

2.58 

44 

6 

.33 

.33 

.32 

1 

2.83 

49 

11 

.36 

.34 

.35 

1 

2.83 

56 

6 

.31 

.29 

.30 

% 

3.33 

31.5 

10 

.94 

.89 

.91 

1 

Tests  of  Elliptical  Springs. 


/by 
diagram. 


.29 
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.30 
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Eef.  No. 
8 

9 

10 


h 

I 

r,h 

No. 
teseted. 

/max. 

/min. 

./■avg. 

3 

a 

2 

54 

16 

.24 

.21 

.23 

f 

3 

90 

20 

.50 

% 

3i 

75 

44 

... 

.95     . 

/by 
diagram. 


.24 
.49 
.94 


DISCUSSION. 

Prof.  L.  S.  Randolph. — This  paper  gives  a  very  marked  im- 
provement on  the  nsual  method  of  calculating  springs.  Some 
time  ago  I  had  to  redesign  the  springs  for  a  railroad,  but  soon 
found  that  the  amount  of  labor  involved  was  prohibitor\^  to  the 
proper  study  of  a  spring  until  I  had  a  series  of  tables  calculated 
for  each  style  of  spring,  and  even  then  the  labor  attending  the 
design  of  a  given  spring  was  excessive.  The  method  devised  by 
the  author  of  the  paper  seems  to  me  exceptionally  valuable  on 
account  of  ease  with  which  the  effect  of  slight  variations  can  be 
studied. 

For  elliptical  springs  a  modulus  of  elasticity  of  thirty -two  mil- 
lion was  found  to  give  more  accurate  results  than  thirty  million  ; 
in  fact,  that  fiofure  was  obtained  from  the  results  of  tests  of  a  laro^e 
number  of  elliptical  springs.  The  maximum  shearing  fibre  strain 
was  varied  with  the  variation  in  the  diameter  of  bar;  subs;;- 
quent  experience  with  the  springs  designed  in  that  way  indicated 
that  it  was  a  useless  refinement,  and  that  the  figure  given  by  Mr. 
Henderson  (80,000)  should  be  used  for  all  ordinary  sized  bars. 

Mr.   ^Vm.  Kent. — I  would  like  to  ask  Mr.  Henderson  if  he  has 
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compareil  the  results  he  has  obtained  with  those  published  in  the 
siMX'itications  of  the  Pennsylvania  Kailroad  Company  for  springs, 
anil  also  the  paper  published  by  Mw  J.  Begtrup  in  the  America7i 
Machinist  about  two  years  ago,  which  gives  a  very  complete 
table  for  the  woi'king  of  springs  of  a  great  number  of  sizes.  I 
had  occasion  to  look  up  this  subject  some  time  ago,  and  found  a 
paper  bv  ^[r.  Ilartnell,  of  the  British  Institution  of  Mechanical 
Knirineei-s,  treating  of  the  subject,  and  the  figures  given  by 
Pwankine  and  Clark  were  shown  to  be  very  far  away  from  the 
results  of  recent  figures.  Engineers  generally,  who  have  any- 
thint>-  to  do  with  springs,  like  much  better  to  look  at  a  table  and 
pick  out  from  it  the  spring  which  they  want,  rather  than  to 
desit^n  one  themselves  from  a  formula.  Mr.  Begtrup's  table  is 
very  convenient  for  the  purpose,  but  if  Ave  want  a  spring  outside 
of  the  range  of  the  table,  of  course  we  would  have  to  use  a 
formula. 

Mr.  Henderson.*— \  will  say  that  I  do  not  recollect  having  seen 
the  paper  in  the  American  Machinist  to  which  the  gentleman  re- 
fers, but  as  far  as  the  Pennsylvania  Railroad  specifications  are  con- 
cerned, I  have  tried  quite  a  number  of  them,  and  they  agree  very 
nicely  with  the  diagrams.  I  was  connected  with  the  Pennsylva- 
nia Company  when  I  worked  up  formula  5.  I  made  tests  of  a 
great  many  driving  springs  at  Altoona,  and  found  that  the  deflec- 
tion came  nowhere  near  the  formulae  given  in  books,  and  it 
occurred  to  me  that  the  reason  was  this,  that  a  semi-elliptic  driv- 
ing spring  has  a  number  of  leaves  extending  the  full  length  of  the 
spring,  and  theref(jre  is  ])artly  between  a  beam  of  uniform  section 
and  a  l>eam  of  uniform  strength  ;  and  by  modifying  the  coefficient 
according  to  that  propoi'tion,  I  got  a  formula  which  corresponded 
very  closely  with  actual  tests. 

With  regard  to  the  length  of  time  taken  in  looking  up  a  spring, 
I  think  you  can  use  these  diagrams  about  as  quickly  as  looking  up 
in  a  tal)le.  It  is  very  seldom  that  you  can  find  in  a  table  what 
you  want.  Any  on(?  can  design  an  elliptic  spring  from  these  two 
tables  in  about  two  minutes.  It  will  take  one  minute  to  find  the 
width  of  the  i)late  and  another  minute  the  deflection.  (Coil 
springs  take  sf)niewhat  longer.j 

In  regard  to  the  coefficient  of  elasticity,  of  which  Mr.  Randolph 
Kixfjiks,  I  ba.s<.-d  these  figures  on  30,000,000  instead  of  32,000,000, 


♦  Author's  closure,  under  ilic  Hule.s. 
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and  the  result  is  that  they  agree  so  nicely  with  the  actual  tests 
that  it  hardly  seems  necessary  to  modify  them. 

In  this  connection  I  would  hke  to  suggest  that  if  any  one  wishes 
to  use  these  diagrams  he  should  lay  them  out  on  logarithmic  paper, 
lie  can  obtain  such  logarithmic  paper  from  Keuffel  &  Esser,  'New 
York.  It  costs  about  sixty  cents  a  quire.  The  paper  is  divided 
up  in  tenths,  and  you  can  pick  out  very  readily  the  exact  values 
that  you  want,  and  these  sheets  make  very  nice  blue  prints,  that 
can  be  used,  preserving  the  originals. 

After  the  meeting,  Mr.  John  R.  Freeman,  member  of  this 
Society,  sent  me  some  sample  sheets  of  beautifully  engraved  loga- 
rithmic cross-section  paper,  extending  in  both  directions  to  100, 
instead  of  10  as  in  the  diagrams.  This  paper  would  be  very  sat- 
isfactory for  this  purpose. 
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BY  A.  Vf.  ROBINSON,  SOUTH  MILWAUKEE,  WIS. 

(Member  of  the  Society.) 

The  following  description  of  a  drawing-board,  easel,  and  blue- 
print frame  is  presented  to  the  Society  as  furnishing  simple  and 
inexpensive  examples  of  these  items  of  office  equipment. 

The  drawing-board  shown  in  Fig.  27  has  a  top  86  inches  by  54 
inches,  glued  up  with  saw-cuts  on  the  back  in  the  usual  way.    It 


'4^i\i 


is  of  thirt  size  to  suit  standard  sheets  28  inches  by  36  inches,  as 
described  in  paper  No.  596,  read  June,  1894.1  The  top  is  made 
adju.stablo  for  slope  and  lieiglit  by  the  slotted  supports,  as  shown. 
This  allows  every  draughtsman  to  suit  himself  in  this  regard. 

•Prenented  at  the  New  York  raeelin^r,  December,  1894,  of  the  American  Society 
ofM  '  ^'^'K'neerM.  aiifl  forming:  part  of  Vol.   XVI.  of  the  7Var/««c^iom. 

^  f*^  tlio  Diauintr  OfTire  to  the  Shop  in  Manufacturing  :   Trans- 

eations  American  Society  Mechanical  Engineers,  Voh  XV.,  p.  965,  No.  596. 
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The  lower  frame  and  legs  are  of  oak,  neatly  chamfered.  These 
tables  complete  were  made  by  a  plain  carpenter  and  cost  $7.50 
apiece. 

Each  draughtsman  needs  besides  his  board  some  convenient 
means  of  holding  drawings  for  reference.  The  easel  (Fig.  28)  fills 
this  need.  A  number  of  drawings  can  be  attached  to  the  top 
edge  by  spring  clothes-pins  or  clips,  and  turned  over  the  back  as 
required.     This  easel  is  also  "  home-made  "  and  cost  $6  each. 


2"x  U"  ^\ 
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Fig.  28, 


The  blue-print  frame  shown  in  Fig.  29  is  25  inches  by  38  inches 
inside.  It  is  carried  on  two  pairs  of  small  grooved  wheels 
attached  to  the  side,  and  upon  which  it  is  reversible,  as  shown. 
The  tightening  of  the  back  is  done  by  three  cross-bars  pivoted  at 
their  centres.  The  ends  of  the  bars  engage  with  cleats  screwed 
to  the  inside  of  frame  at  a  slight  angle,  so  that  they  wedge  the 
bars  to  any  desired  pressure  on  the  back.  It  is  not  considered 
necessary  to  provide  for  a  double-swing  support  so  that  the  sur- 
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face  of  the  frnmo  can  be  brought  normal  to  the  sunlight.     This 
inuloubteaiy  allows  of  quicker  printing    during    morning  and 


Fig.  29. 


evening  hours ;  but  the  saving  is  not  great,  and  is  obtained  at  the 
expense  of  simplicity.  This  frame  cost  about  $18,  including  iron 
track  and  plate  glass  three-eighths  inch  thick. 


DISCUSSION. 


Mr.  C.  ./.  //.  Wtmdhnry. — In  connection  with  the  subject  mat- 
ter of  tills  paper,  there  is  a  very  simple  method  of  making  ti'acings 
upon  drawing  paf)er,  not  upon  tracing  cloth  or  tracing  paper,  by 
moans  of  a  drawing  table  (Fig.  30),  which  I  might  almost  call  a 
drawing  board  made  of  a  slicet  of  plate  glass,  and  underneath 
which  is  placed  an  incandescent  lamp  with  a  conical  shade, 
tniined  right  directly  under  the  glass,  in  an  inverted  position,  and 
clos<;  to  the  lower  surface.  This  will  throw  the  light  through  two 
nheets  of  drawing  pa])er  well  enough  to  reveal  the  original  drawl- 
ing, so  that,  section  by  section,  a  drawling  can  be  copied,  and  the 
second  copy  will  appear  like  an  oi'iginal  drawing,  and  not  a 
tnicing. 
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The  wood  frame  around  the  plate  is  flush  with  the  upper 
surface  of  the  glass,  and  is  about  half  an  inch  thick  at  the  outer 
rim,  so  that  it  will  serve  to  secure  the  two  sheets  of  paper,  either 
by  thumb-tacks  or  by  spring  clamps. 

The  cross-bar  of  the  standard  for  an  ordinary  incandescent  drop- 
lamp  fixture  is  one  of  the  most  convenient  forms  for  this  purpose, 


Fig.  30. 


and  is  secured  to  any  position  by  four  strings,  tied  with  slip-knots 
to  the  four  legs  of  the  table. 

Mt\  George  R.  Henderson. — "VVe  had  occasion  to  make  a  number 
of  tracings  on  bond  paper,  and  it  was  rather  thick  to  see  through. 
We  adopted  very  much  the  same  plan  as  described  by  Mr.  Wood- 
bury.    In  the  centre  of  the  table  I  had  a  pane  of  glass,  about 
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10  X  13  inches,  inserted,  and  by  laying  the  tracing  to  be  copied 
from  on  the  glass,  and  then  the  bond  paper  on  top,  with  some 
iUumination  underneath,  it  worked  very  nicely.  It  is  practically 
the  same  device  described  by  Mr.  Woodbury,  but  it  is  not  quite  so 
larii^e.  It  was  intended  to  ])roduce  small  sketches,  about  9  x  14 
inches.  The  I'est  of  the  table  was  just  the  same  as  an  ordinary 
tiltintj:  drawini:^  table. 
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COMPARISON'  OF  THE  ACTION  OF  A  FIXED  CUT-OFF 
AND  THROTTLING  REGULATION  WITH  THAT  OF 
THE  AUTOMATIC  VARIABLE  CUT-OFF,  ON  COM- 
POUND AND    TRIPLE-EXPANSION  ENGINES. 

BY   CHARLES   T.    PORTER,    MONTCLAIR,    N.  J. 

(Honorary  Member  of  the  Society.) 

Theoretically,  the  regulation  of  tlie  speed  of  steam-engines 
by  tlie  automatic  variation  of  the  point  of  cut-off  has  a  decided 
advantage,  in  respect  to  economy,  over  the  method  of  throttling 
from  any  point  of  cut-off  whatever.  When  to  this  there  is  added 
the  feature  of  regulation  at  the  point  of  admission  to  the  cylin- 
der, it  is  no  wonder  that  the  system  of  automatic  variable  ex- 
pansion, in  one  or  the  other  of  its  two  forms,  as  operated  by 
a  detachable  or  by  a  positive-motion  valve-gear,  should  have 
come,  as  it  has  done,  into  well-nigh  universal  use,  on  stationary 
engines  which  aim  at  economy. 

For  more  than  forty  years  following  Mr.  Sickles'  invention  of 
the  liberating  valve-gear,  or  trip  cut-off,  as  it  used  to  be  called, 
in  1842,  w^hich  was  the  foundation  of  the  liberating  system, 
the  cut-off,  in  its  many  forms,  held  the  minds  of  American 
engineers  by  such  a  fascination  that  they  seemed  unable  to 
look  beyond  it.  Perhaps  no  other  subject  ever  called  the  versa- 
tile American  ingenuity  into  such  a  remarkable  state  of  activity. 
The  Scientific  American  w^as  the  leading  mechanical  journal 
published  in  this  country  before  the  war.  I  remember  saying 
to  Mr.  Munn,  its  principal  proprietor,  that  he  ought  to  name  it 
the  Weekly  Valve  and  Cut-off^  from  the  constant  succession  of 
these  devices  which   appeared  in   its  columns.      Now  we  are 

*  Presented  at  the  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Eugineers,  and  forming  part  of  VoL  XVI.  of  the  Trans- 
actions, 
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returning  to  that  wliicli  was  held  by  Watt  to  be  of  great  impor- 
tance, anil  the  subject  which  to-day  seems  uppermost  in  engi- 
neering thought  is,  cylinder  condensation  and  how  to  prevent  it. 
Engiueei-s  are  alive  to  the  fact  that  the  variable  cut-off  system, 
admitting  the  full  boiler  pressure  to  the  cylinder,  requiring  the 
internal  surfaces,  at  the  commencement  of  each  stroke,  to  be 
reheated,  by  the  entering  steam,  from  the  temperature  of  the 
exhaust  up  to  that  of  the  boiler,  and  then  filling  the  waste  room 
with  steam  of  full  density,  presents  the  conditions  for  the  great- 
est loss  of  heat,  and  waste,  also,  of  the  uncondensed  steam. 

As  the  steam  is  cut  off  earlier  and  earlier,  the  percentage  of 
loss  from  both  these  causes  obviously  increases.  It  is  true  that 
less  heat  is  transformed  into  work,  and  more  of  this  is  supplied 
by  heat  set  free  on  expansion,  but  the  difference  between  these 
at  different  points  of  cut-off  is  comparatively  insignificant. 

These  losses  are  so  serious  that,  in  the  judgment  of  prominent 
builders  of  variable  expansion  engines,  at  very  early  cut-off  the 
steam  lost  from  the  first  cause  alone  "  is  in  excess  of  that  use- 
fully employed."  They  are  much  reduced  by  expanding  through 
two  or  more  cylinders.  Indeed,  the  high  pressures,  now  coming 
into  use  with  so  much  advantage,  could  not  be  successfully 
worked  in  a  single  cylinder,  chiefly  on  account  of  the  enormous 
los.ses  which  would  be  suffered  from  these  two  causes. 

The  principal  gain  in  compound  and  triple-expansion  engines 
is  obtained  from  the  greater  number  of  expansions  employed. 
But  a  large  gain  results,  also,  from  the  avoidance  of  early  cut- 
off. It  is  a  most  interesting  and  valuable  feature  of  this  sys- 
tem, that  a  large  number  of  expansions  are  obtained  while 
cutting  off  in  each  cylinder  at  a  comparatively  late  point  of  the 
stroke. 

The  gain  from  the  avoidance  of  early  cut-off  is  proved  in 
common  practice.  If,  for  example,  it  is  desired  to  employ  9  ex- 
pansirins  in  a  non- condensing  engine,  expanding,  say,  from  162 
pounds  to  18  ])ounds,  total  pressures,  it  is  found  much  more 
ocr)nfjmical  to  use  two  cylinders,  and  cut  off  at  about  one-third 
of  the  stroke  in  each,  than  to  cut  off  at  one-ninth  of  the  stroke 
in  one  cylinder.  Again,  in  triple-expansion  engines,  as  made 
until  now,  it  has  been  found  that  there  is  no  gain  in  em- 
ploying much  over  20  expansions,  cutting  off  not  earlier  than  .3 
of  the  stroke  in  each  cylinder.  The  gain  from  a  greater  num- 
ber of  expansions,  considerable  as  it  is,  becomes  neutralized,  or 
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converted  into  positive  loss,  by  the  increased  proportionate 
losses  from  cylinder  condensation  and  waste  room.  If  a  much 
larger  number  of  expansions  is  desired,  this  has  required  the 
addition  of  a  fourth  cylinder. 

When  the  variable  cut-off  is  employed  on  engines  working 
under  large  changes  of  resistance,  then,  whether  the  engine  be 
simple  or  compound  or  triple  expansion,  just  in  the  degree 
that  the  variable  feature  comes  into  action  does  the  cut-off  run 
to  more  wasteful  points  of  the  stroke,  and  often,  indeed  con- 
tinually, to  points  which  are  exceedingly  wasteful. 

It  has  appeared  to  me  that  an  opening  presented  itself  for  a 
large  improvement  in  the  direction  of  economy,  by  employing  a 
fixed  point  of  cut-off,  suitably  selected,  and  regulating  by  means 
of  a  throttling  governor ;  thus  avoiding  early  cut-off  entirely. 
There  can,  I  think,  be  no  doubt  that,  although  the  theoretical 
gain  by  cutting  off  earlier  is  considerable,  this  is  out-weighed 
many  times  over,  by  the  increase  in  the  losses  from  cylinder 
condensation  and  waste  room. 

Additional  reasons  for  this  belief  are  afforded  in  the  facts, 
that,  in  its  passage  through  the  throttling  valve,  the  steam  is 
dried,  or  if  already  dry  is  superheated,  by  heat  set  free  on  re- 
duction of  pressure,  and  that  the  efficiency  of  the  steam-jacket 
to  prevent  cylinder  condensation  increases  just  in  the  degree 
that  the  pressure  of  the  steam  entering  the  cylinder  has  been 
reduced  by  throttling.  It  is  true  that  in  the  intermediate  and 
low-pressure  cylinders  the  temperature  in  the  jacket  may  always 
be  higher  than  that  of  the  entering  steam,  so  that  the  last  point 
is  pertinent  to  the  high-pressure  cylinder  only ;  but  the  especial 
importance  of  preventing  cylinder  condensation  at  the  com- 
mencement of  the  application  of  the  force  of  the  steam  is  suffi- 
ciently obvious. 

In  the  system  here  presented,  the  economic  conditions  are,  as 
will  appear  in  following  papers,  considerably  improved  over  ex- 
isting practice  ;  but  in  order  to  observe  the  gain  resulting  from 
avoidance  of  early  cut-off  merely,  these  conditions  will  now  be 
supposed  to  be  the  samo.  Let  the  losses  from  internal  condensa- 
tion and  waste  room  be  assumed  at  20  per  cent,  in  a  variable 
cut-off  engine,  and  also  in  a  fixed  cut-off  engine,  both  cutting  off  at 
one-tliird  of  the  stroke  in  each  cylinder,  and  working  dry  steam. 
In  the  former  engine,  these  losses  continue  the  same,  however 
early  the  cut-off  may  take  place.  When  this  is  at  .1  of  the  stroke, 
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a  no^  unusual  point,  they  add  about  70  per  cent,  to  the  steam 
usefully  employed. 

If  the  latter  engine  be  throttled  to  a  corresponding  reduction 
of  power,  then  fi'om  the  superheating  of  the  steam,  and  the  in- 
creased efficiency  of  the  steam-jacket,  and  the  complete  filling  of 
the  waste  room  by  compression,  these  losses,  instead  of  increas- 
ing in  relative  amount,  must  nearly  if  not  quite  disappear.  The 
diaf^rams  on  pages  115  and  116  were  taken  by  Professor  Denton 
from  one  of  these  engines,  running  at  a  speed  of  300  revolutions 
per  minute.  The  smaller  one  shows  this  complete  compression. 
It  is  to  be  observed  that  the  pressure  cannot  rise  by  compres- 
sion quite  to  the  initial,  as  shown  in  this  diagram,  unless  the 
interior  surfaces  have  been  brought  up  to  the  full  correspond- 
ing temperature  before  admission. 

A  fixed  point  of  cut-off  is  also  better  adapted  to  the  system  of 
compounding.  The  volume  of  steam  exhausted  from  the  high- 
pressure  cylinder  is  a  constant  volume.  It  is  clearly  necessary 
to  the  proper  manipulation  of  the  steam,  that  the  volume  or 
capacity  of  the  receiving  cylinder,  up  to  the  point  of  cut-off, 
shall  be  equal  to  this,  and  shall  bo  constant.  The  fixed  cut- 
off enables  this  requirement  to  be  complied  with.  A  variable 
cut-off  on  the  receiving  cylinder  renders  such  a  compliance  im- 
possible. The  volume  in  this  cylinder,  up  to  the  moving  point 
of  cut-off,  may  be  two  or  three  times  too  large,  or  it  may  be  an 
indefinite  number  of  times  too  smalL  It  is  clear,  that  if  the 
variable  cut-off  had  not  been  already  in  common  use,  nothing  so 
unsuitable  would  ever  have  been  devised  for  this  purpose. 

For  the  attainment  of  the  best  results  from  the  system  of 
fixed  cut-off  and  throttling  regulation,  several  things  are  re- 
quired. Prominent  among  these  are,  a  better  means  of  steam 
distribution,  a  more  sensitive  governor,  smaller  waste  room,  dry 
steam,  and  immunity  from  water  in  the  cylinder  on  starting,  the 
possibility  of  wliich  latter,  in  any  serious  amount,  would  render 
nmall  waste  room  impracticaVjle.  These  requirements,  together 
with  others  of  a  less  imperative  nature,  I  have  endeavored  to 
supply.  The  means  employed  for  this  purpose  will  be  described 
in  following  papers. 

It   remains  to  notice  objections  to  this    system  which  will 
naturally  HU{.'gest  themselves,  and  which  must  be  shown  not  to 
be  well  founded,  if  the  system  is  to  be  received  with  favor. 
The  first  will  be,  that  the  throttling  engine  will  not  regulate 
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SO  closely  as  mucli  of  the  service  of  the  present  day  requires.  This 
objection  would  be  well  taken  if  a  sluggish  governor  were  com- 
bined with  a  large  steam-chest ;  therefore,  I  do  not  use  these. 
The  engine  has  no  steam-chest,  only  the  necessary  pipe  connec- 
tion. I  have  also  devised  a  form  of  governor  that  is  entirely 
frictionless.  These  two  features  give  the  closest  possible  regu- 
lation. Unless  the  fall  of  resistance  be  very  great  and  sudden, 
the  piston  will  not,  during  even  a  single  stroke,  receive  an 
excess  of  pressure  above  that  which  is  necessary  to  produce 
action  in  a  frictionless  governor.  This  will  be  an  advance  in 
regulation. 

A  second   objection  may  be,  that  the  steam    will  be   wire- 


FiG.  31.— Full  Power  Load.     300  Kevolutions.     Scale  40. 

drawn.     The  diagram  on  the  next  page  shows  that  this  is  not 
likely  to  be  the  case. 

A  third  objection  will  be  want  of  range.  This,  if  it  existed, 
would  be  serious,  rendering  the  engine  unsuitable  for  many 
important  uses.  But  it  does  not  exist.  The  valves  are  actuated 
by  a  cam,  which  may  be  made  of  a  form  cutting  off  at  any 
desired  point  up  to  three-fourths  of  the  stroke,  although  I 
apprehend  that  five-eighths  is  as  late  as  will  ever  be  employed 
Let  it  now  be  required  to  combine  in  the  best  manner  economy 
and  range.  I  should,  for  such  a  requirement,  use  a  cam  cutting 
off,  say,  at  .35  of  the  stroke  in  each  cylinder  of  a  series  This 
will  give,  theoretically,  2.8  expansions  in  one  cylinder,  about  8 
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expansions  in  a  oompound  engine,  and  22  expansions  in  a  triple- 
expansion  engine.  The  cam  motion  enables,  as  will  be  sliown  in 
another  paper,  about  80  percent,  of  the  theoretical  expansion  to  be 
realized  in  ])ractice.  These  expansions  give  excellent  economy 
in  non -condensing  and  condensing  engines  respectively.  The 
range  is  from  the  boiler  pressure,  say  150  pounds  gauge  press- 


FiG.  32.— Friction  Load.     300  Revolutions.     Scale  40. 

ure,  following  .35  of  the  stroke  in  the  high-pressure  cylinder, 
down  to  0.  The  point  of  cut-off  is  as  late  as  is  consistent  with 
economy.  It  cannot  be  made  later  without  sacrificing,  in  a 
greater  or  lesser  degree,  the  gain  from  expansion.  So  the 
engine  has  ample  range  and  ample  expansion,  while  avoiding  an 
earlier  cut-off  than  .35  of  the  stroke. 
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DCXVL* 

DESCRIPTION  OF  A    CAM  FOR  ACTUATING    THE 
VALVES   OF  HIGH-SPEED   STEAM-ENGINES. 

BY   CHARLES   T.   PORTER,   MONTCLAIR,   N.   J. 

(.Honorary  Member  of  the  Society.) 

The  limitations  wliicli  are  imposed  by  the  eccentric  on  the 
movements  of  the  valves  of  steam-engines  have  always  been  to 
engineers  a  matter  of  extreme  regret.  In  the  liberating  valve 
gear  the  most  serious  of  these  limitations  are  avoided,  but  at 
the  cost  of  separate  ports  and  valves  for  exhausting,  and  of 
restriction  to  a  slow  rotative  speed.  Positive  motion  valve  gear 
must  be  employed  on  engines  which  are  run  at  high  rotative 
speeds,  and  in  these  engines,  unless  the  complication  is  intro- 
duced of  independent  cut-off  valves  operated  by  a  separate 
eccentric,  or  of  an  independent  exhaust,  all  these  limitations  of 
the  valve  motion  have  to  be  submitted  to. 

But  are  we  really  shut  up  to  the  eccentric?  Cannot  any 
better  means  be  found  for  imparting  motion  to  the  valves  ? 
The  cam  to  be  here  described  is  presented  as  affording  a  prac- 
tical solution  of  this  problem,  so  far,  at  least,  as  relates  to  sta- 
tionary, non-reversible  engines.  Its  application  to  reversible 
engines  has  not  yet  been  considered,  but  it  is  not  thought  to 
present  any  serious  difficulty. 

The  term  "  cam  "  will  at  first  strike  engineers  in  a  manner  not 
especially  favorable.  One  of  large  experieuce,  after  witnessing 
the  operation  of  this  cam,  seeing  it  to  be  so  different  from  all 
that  in  his  mind  was  associated  with  the  word,  insisted  that  it 
was  not  a  cam,  and  ought  not  to  be  called  so.  It  is,  however,  a 
cam  ;  there  is  no  other  name  for  it. 

In  presenting  this  cam,  I  will  first  state  what  it  does,  and 

*  Presented  at  the  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Engineer.-*,  and  formiug  part  of  Vol.  XVI.  of  the  Trans- 
actions. 
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afterwards  give  a  description  of  it  and  of  the  method  by  which 
it  is  developed. 

Its  use  is  as  follows : 

jriysf. — It  imparts  to  the  valves  an  opening  movement,  for 
steam  admission,  which,  cutting  off  at  two-tenths  of  the  stroke,  is 
three  and  one-third  times  larger  than  that  given  by  an  eccentric 
of  tbe  same  throw  advanced  to  cut  off  at  the  same  point.  This 
advantage,  of  course,  diminishes  as  the  point  of  cut-off  is  carried 
later.  Cutting  off  at  four-tenths  of  the  stroke,  the  opening  made 
bv  the  cam  for  admission  is  twice  as  wide  as  that  made  by  the 
eccentric. 

Secoivl. — It  permits  the  expansion  to  continue,  in  all  cases,  to 
eleven-twelfths  of  the  stroke,  compression  taking  place  at  the 
same  point  of  the  return  stroke.  These  points  may  be  varied  some- 
what, by  giving  exhaust  lead  or  lap  to  the  valves.  The  effect 
of  a  small  amount  of  exhaust  lap  is  shown  in  the  diagrams  taken 
by  Professor  Denton,  and  represented  in  the  preceding  paper. 

Tl('u'<L — It  compensates  for  the  inequalities  in  piston  motion 
which  are  produced  by  the  angular  vibration  of  the  connecting- 
rod,  making  the  point  of  cut-off  the  same  on  the  opposite 
strokes,  and  giving  at  the  back  end  of  the  cylinder  the  greater 
lead,  and  wider  opening  for  admission,  which  are  required  by 
the  more  rapid  motion  of  the  piston  at  that  end  of  its  stroke. 

As  a  consequence  of  the  larger  opening,  the  cam  enables  per- 
fect steam  distribution  to  be  made,  at  high  piston  speed,  by  the 
use  of  comparatively  small  valves,  the  same  valve  performing 
the  functions  of  admission,  cut-off,  and  release,  and  making  a 
single  opening  for  admission  and  a  single  opening  for  release. 
This  gives  extreme  simplicity  of  construction.  This  simplicity 
enables  the  waste  room  to  be  reduced  to  from  one  and  one-half 
per  cent,  to  two  per  cent,  of  the  piston  displacement,  for  a  piston 
travel  of  seven  hundred  and  fifty  feet  per  minute,  with  a  stroke 
of  thirty-six  inches.  The  manner  in  which  this  reduction  of 
waste  room  is  effected  will  be  described  in  a  following  paper. 
In  all  the  above  respects  the  action  of  the  cam  seems  to  leave 
nothing  to  be  desired. 

The  chief  value  of  the  cam  will  appear  in  its  use  on  compound 
and  triple-expansion  engines.  The  eccentric  is  utterly  un- 
adapted  to  the  requirements  of  liigh  grades  of  expansion.  It 
is  really  surprising  to  observe  to  what  an  extent  the  combina- 
tion of  the  usual  large  waste  room,  with  the  early  release  com- 
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Fig.  33. 


pelled  by  tbe  eccentric,  reduces  the  degree  of  expansion  that  is 
obtainable  in  two  or  three  cylinders. 

This  is  exhibited  in  the  above  diagrams.     In  these,  steam  of 
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160  pounds  total  pressure  is  shown  cut  off  at  .2,  and  at  .35  of 
the  stroke,  expanded,  the  former  in  two,  and  the  latter  in  three 
cylinders.  The  diagrams  are  drawn  without  any  fall  of  pressure 
between  the  cylinders.     The  exhaust  is  without  lap  or  lead. 

The  full  line  diagrams  (A)  represent  ideal  expansion,  continued 
to  the  end  of  the  stroke,  without  waste  room.  In  the  first  of 
these,  th?  terminal  pressure  is  6.4  pounds,  the  number  of  ex- 
pansions is  25,  and  the  proportions  of  the  cylinders  are  1  and  5. 
In  the  second,  the  terminal  pressure  is  6.847  pounds,  the  num- 
ber of  expansions  is  23.37,  and  the  proportions  of  the  cylinders 
are  1,  2.86,  and  8.16. 

The  outer  dotted  diagrams  (B)  represent  expansion  with  seven 
per  cent,  of  waste  room,  which  is  probably  less  than  the  average 
amount  in  high-speed  engines,  and  the  release  as  made  by  the 
eccentric,  namely,  at  .715  of  tha  stroke  for  .2  cut-off,  and  at  .8 
of  the  stroke  for  .35  cut-off. 

In  tha  first  of  these  diagrams,  th^  terminal  pressure  is  18.75 
pounds,  the  number  of  expansions  is  8.53,  and  the  proportions 
of  the  cylinders  are  1  and  2.94.  In  the  second  diagram,  the 
terminal  pressure  is  18  pounds,  the  number  of  expansions  is 
8.88,  and  the  proportions  of  the  cylinders  are  1,  2.08,  and  4.325. 
The  expansions  obtained  are,  in  the  first  case,  34  per  cent.,  and 
in  the  second,  38  per  cent,  of  the  theoretical,  and  this  is  the 
very  best  that  can  be  done. 

It  will  be  asked,  How,  then,  is  so  low  a  terminal  pressure 
reached  in  practice  ?  The  terminal  pressure  is  arbitrarily  fixed 
by  the  size  of  the  low-pressure  cylinder.  There  are  two  ways 
})('sidos  expansion  for  getting  down  to  a  low  terminal,  namely, 
by  fall  of  pressure  bafore  cut-off,  known  as  wire-drawing,  and 
by  fall  of  pressure  between  the  cylinders.  Measurement  of  the 
diagrains  will  show,  in  all  cases,  no  useful  effect  obtained 
beyond  that  got  from  8.53  and  8.88  expansions,  in  these  two 
cases,  but,  on  the  contrary,  less  than  this,  by  the  amount  of 
at  'am  condensed  on  entering  the  second  and  third  cylinders. 

Except  as  partially  relieved  by  independent  cut-off  valves,  or 
by  an  independent  exhaust,  as  in  the  Porter- Allen  engine,  the 
high-speed  engine  has,  in  its  application  to  compounding,  had 
to  Htrug.;le  under  the  crushing  load  of  this  loss  up  to  the  present 
tira:^ ;  and  in  the  Porter- Allen  engine,  I  found  the  waste  room 
alone,  which  amounted  to  about  seven  per  cent.,  to  be  fatal  to 
any  high  degree  of  economy  in  compounding.     Obviously,  ex- 
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pansion  nearly  to  the  end  of  the  stroke  must  be  joined  to  small 
waste  room  for  the  attainment  of  the  best  results. 

The  inner  dotted  diagrams  {C )  represent  the  approximation  to 


Fig.  34. 


the  theoretical  that  is  obtained  by  carrying  the  expansion  to 
eleven-twelfths  of  the  stroke,  with  two  per  cent  of  waste  room, 
as  given  by  the  cam. 

In  the  first  of  these  diagrams,  the  terminal  pressure  is  8.75 
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poiinds  the  uumber  of  expansions  is  18.28,  and  the  proportions 
of  the  'cvlinders   are  1  and  4.3.     In  the  second  diagram,  the 


Fig.  35. 


terminal  pressure  is  lO  pounds,  the  number  of  expansions  is 
16,  and  thfi  projiortions  of  the  cylinders  are  1,  2.54,  and  G.4. 

By  t,nviii^  to  thf;  exhaust  the  lap  that  is  shown  in  the  dia- 
grams taken  hy  Professor  Denton,  the  number  of  expansions  is 
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increased,  in  the  compound  diagrams,  to  20.6,  and  in  the  triple- 
expansion  diagrams  to  18,  which  are,  respectively,  82.4  per 
cent,  and  77  per  cent,  of  the  theoretical.  This  is  the  real 
capacity  of  this  system.     The  gain  is,  in  the  later  cut-oiF,  77 


Fig.  3G. 

per  cent,  of  the  theoretical  expansion,  in  place  of  38  per  cent., 
and  in  the  earlier  cut-off  82.4  per  cent.,  in  place  of  34  per  cent. 

The  theoretical  compression  curves  (D)  are  shown  on  these 
diagrams.  These  cannot  be  approximated  in  practice,  because  the 
condensing  point  in  the  temperature  of  the  steam  rises  with 
the  compression.     These  curves  have  no  effect  on  the  expansion. 
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Haviug  thus  described  its  uses,  I  will  uow  proceed  to  a  descrip- 
tion of  the  cam.  Its  form  and  arrangement  are  shown  in  the 
accompanying  views.  (Figs.  34  to  35.)  Its  outline  may  be 
varied,  so  as  to  cut  off  at  any  fixed  point,  up  to  three-fourths 
of  the  stroke.  Two  diagrams  are  exhibited,  one  showing  a  cam 
cutting  off  at  two  tenths  of  the  stroke  (Fig.  37),  and  the  other  a 
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Fig.  37. 


cam  cutting  off  at  four-tenths  of  the  stroke  (Fig.  38),  both  having 
a  throw  of  five  inches.  On  these  diagrams,  the  outer  cam  is 
the  real  or  ideal  cam,  passing  through  the  axis  of  the  roller,  as 
shown.  The  description  refers  to  this  cam  only.  The  inner 
earn  is  the  working  cam,  impinging  against  the  surface  of  the 
roller.  The  manner  in  which  it  is  produced  will  be  explained 
at  the  conclusion  of  this  paper. 

The  cam  revolves  in  the  direction  indicated  by  the  arrow. 
Tiie  outer  circle  is  the  path  of  the  highest  point,  the  inner 
circle  the  path  of  the  lowest  point,  the  intermediate  circle  the 
path  of  the  points  of  release  and  compression,  and  the  short 
arcs  are  the  paths  of  the  points  of  admission  and  cut-off.     The 
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events  numbered  one  to  eight ;  namely,  admission,  full  opening, 
cut-off,  and  release  and  compression,  on  the  forward  and  back- 
ward strokes,  succeed  one  another,  as  these  points  come  to  co- 
incide with  the  axis  of  the  roller. 

The  line  on  the  cam  in  front  of  the  arrow  (Fig.  34)  is  the  cen- 
tre line.  The  cam  is  set  by  bringing  this  line  to  coincide  with 
the  crank.  The  line  at  right  angles  with  the  centre  line  is  used, 
in  connection  with  the  latter,  to  centre  the  cam  in  the  lathe 
for  boring.  The  figures  indicate  the  point  of  cut-off  and  the 
throw.     All  these  are  cast,  in  relief,  on  both  sides  of  the  cam. 
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Fig.  38. 


The  cam  is  set  on  the  shaft  either  way,  as  the  engine  is  to  be 
run  forward  or  backward. 

The  cam  is  held  in  position  by  a  hollow  key  fitting  the  shaft. 
These  keys  are  made  by  boring  a  steel  block  of  suitable  form, 
and  parting  it  into  six  keys.  Their  hold  is  absolutely  firm.  In 
the  construction  shown,  the  hollow  key  is,  for  convenience, 
placed  in  the  gear.  By  this  means  the  lead  of  the  cam  is  made 
capable  of  adjustment. 

The  roller  is  carried  at  the  end  of  a  rocker- arm,  and  is  lubri- 
cated by  grease,  fed  from  the  cup  set  in  the  end  of  the  rocker- 
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shaft,  and  rising  through  a  small  steel  tube  cast  in  the  straight 
arm,  as  shown.  It  is  held  to  the  face  of  the  cam  by  an  elastic 
pressure,  steam  or,  preferably,  compressed  air,  which  in  vertical 
engines  is  assisted  by  gravity.  The  fluid  elastic  pressure  has 
these  points  of  advantage  over  a  spring :  it  is  practically  with- 
out mass  or  weight ;  it  will  not  break ;  if  connected  with  a 
chamber  of  sufficient  capacity,  it  is  uniform,  or  nearly  so, 
through  the  stroke  ;  and  it  can  be  adjusted  to  requirements. 
This  pressure  is  applied  by  means  of  a  light  piston,  through 
a  thrust-rod  bearing  on  the  end  of  the  valve  stem,  the  piston 
being  located  in  the  line  of  the  valve  connection,  which  is  a 
direct  line,  as  shown. 

Tlie  prolile  or  working  face  of  the  cam  is  the  important  thing. 
This  is  developed  in  the  following  manner:  The  circle  is  divided 
into  one  hundred  and  eighty  parts,  of  two  degrees  each.  The 
time  occupied  by  the  cam  in  rotating  through  one  of  these  parts 
or  intervals  is  taken  as  the  unit  interval  of  time,  and  is  desig- 
nated as  .1.  The  duration  of  this  interval  varies  with  the  rota- 
tive speed  of  the  engine.  At  eighty  revolutions  per  minute,  it 
is  one  two-hundred  and  fortieth  of  a  second.  At  three  hundred 
revolutions  per  minute,  it  is  one  nine-hundredth  of  a  second. 

The  following  table  shows  the  radial  velocities  and  move- 
ments during  each  one  of  these  intervals  imparted  by  a  cam  of 
five  inches  tjirow,  and  cutting  off  at  two-tenths  of  the  stroke.  The 
table  commences  at  the  highest  point  of  the  cam,  the  point  of 
full  opening  for  admission  at  the  back  end  of  the  cylinder,  and 
the  intervals  are  numbered  from  this  point,  as  shown  on  the 
diagram. 

The  first  column,  marked  B^  gives  the  radial  velocities,  per 
unit  interval  of  time,  A^  which  are  imparted,  + ,  or  are  arrested, 
— ,  during  each  interval,  A. 

The  second  column,  marked  C,  gives  the  radial  velocities,  per 
unit  interval  of  time,  A,  which  are  reached  at  the  termination  of 
each  interval,  A. 

The  third  column,  marked  /?,  gives  the  radial  motion  which 
takes  place  during  each  interval,  A. 

The  fourtli  column,  marked  E,  gives  the  sum  of  the  radial 
motions,  or  the  total  displacement,  from  the  commencement  of 
the  throw  to  the  termination  of  each  interval,  A. 


/ 
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TABLE   GIVING   THE   ELEMENTS   OF  A  PORTER  CAM  OF   5    INCHES 
THROW,  AND  CUTTING  OFF  AT  .2  OF  THE  STROKE. 

Forward  Throw,  in  which  acceleration  is  produced  by  the  elastic  pressure,  and 
retardation  is  produced  by  the  Cam. 


A. 

Time. 

Number  of 

interval. 

B. 
Radial  accelera- 
tion +  or 
retardation  — . 

c. 

Radial  velocity 
attained. 

D. 
Radial  motion 
during  interval. 

E. 

Total  radial 

displacement. 

1 

Inches. 

+  .011 
.011 
.011 
.011 
.011 
.010 
.009 
.008 
.007 
.005 
.003 
.001 

-.001 
.003 
.005 
.007 
.008 
.008 
.007 
.007 
.006 
.006 
.005 
.005 
.005 
.004 
.004 
.004 
.003 
.003 
.002 
.002 
.001 
.001 
.001 
.000 

+  .001 
.001 
.002 
.002 
.002 
.002 
.002 
.003 
.003 
.003 
.003 
.014 
.004 
.004 

Inches. 
.011 
.0-22 
.033 
.044 
.055 
.065 
.074 
.082 
.089 
.094 
.097 
.098 
.097 
.094 
.089 
.082 
.074 
.066 
.059 
.052 
.046 
.040 
.035 
.030 
.025 
.021 
.017 
.013 
.010 
.007 
.005 
.003 
.002 
.001 
.000 
.000 
.001 
.002 
.004 
.006 
.008 
.010 
.012 
.015 
.018 
.021 
.024 
.028 
.032 
.036 

Inches. 
.0055 
.0105 
.0275 
.0385 
.0495 
.0600 
.0095 
.0780 
.0855 
.0915 
.0955 
.0975 
.0975 
.0955 
.0915 
.0855 
.0780 
.0700 
.0625 
.0555 
.0490 
.0430 
.0375 
.0325 
.0275 
.0230 
.0190 
.0150 
.0115 
.0085 
.0060 
.0040 
.0025 
.0015 
.0005 
.0000 
.0005 
.0015 
.0030 
.0050 
.0070 
.0090 
.0110 
.0135 
.0165 
.0195 
.0225 
.0260 
.0300 
.0340 

Inches. 
0055 

2 

0220 

3 

.0495 

4 

0880 

5 

.1375 

6 

.1975 

7 . 

.2670 

8 

9 

.3450 

.4305 

10 

.5220 

11 

.6175 

12 

.  7 1 50 

13 

.  8125 

14 

.9080 

15 

.9995 

16 

1 . 0850 

17 

18 

19 

1.1630 
1.2330 
1.2955 

20 

1.3510 

21 

1.4000 

22 

1.4430 

23 

1.4805 

24 

1.5130 

25 

1.5405 

26 

1.5635 

27 

1.5825 

28 

1  5975 

29 

1.6090 

30 

1.6175 

31 

1.6235 

32... 

33 

34 

1.6275 
1.6300 
1.6315 

35 

1.6320 

36 

1.6320 

37 

38 

1.6325 
1.6340 

39  

1.6370 

40 

1.6420 

41 

1.6490 

42 

1.6580 

43 

1.6690 

44 

1.6825 

1.6990 

46 

1 . 7185 

47 

48 

49 

50 

1.7410 
1.7670 
1.7970 
1.8310 

\ 
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TAHLE.   Continued.— YORV^A-Ri)  Throw. 


A 

Titnt. 

Nnml>or  of 

inten'al. 


51 

52 

58 

54 

55 

56 

57 

58, 

59 

60 

61 

62 

6:3 

U. 

65 

66 

67 

68 

60 

70 

71 

72 

73 

74 

75 

76 

77 

78. 

7» 

80 

81 

89 

88 

8; 

a-i 

86 
87 
88 
89 
00 
91 
92 
9^'. 


B. 

Radial  accelera- 
tion +  or 
retardation  — . 


Inches. 
.  005 
.005 
.005 
.005 
.004 
.004 
.004 
.004 
.004 
.003 
.003 
.003 
.003 
.003 
.003 
.002 
.002 
.002 
.002 
.003 
.001 
.001 
.001 
.000 
.000 

-.002 
.003 
.004 
.004 
.005 
.005 
.000 
.000 
.006 
.006 
.007 
.007 
.007 
.007 
.008 
.008 
.008 
.008 


Radial  velocity 
att'iined. 


Inches. 
.041 
.046 
.Ool 
.056 
.060 
.064 
.068 
.072 
.076 
.079 
.082 
.085 
.088 
.091 
.094 
.096 
.098 
.100 
.102 
.104 
.105 
.106 
.107 
.107 
.107 
.105 
.102 
.098 
.094 
.089 
.084 
.078 
.072 
.000 
.060 
.053 
.046 
.039 
.032 
.024 
.010 
.008 
.000 


D. 

Radial  mr>tion 
during  interval. 


Inches. 
.0385 
.0435 
.0485 
.0535 
.05P0 
.0620 
.0600 
.0700 
.0740 
.0775 
.0805 
.0835 
.0865 
.0895 
.0925 
.0950 
.0970 
.0990 
.1010 
.  1030 
.  1045 
,1055 
.1065 
.1070 
.1070 
.1060 
.1035 
.1000 
.0900 
.0915 
.0865 
.0810 
.0750 
.0090 
.0030 
.0565 
.0495 
.0425 
.0355 
.0280 
.0200 
.0120 
.0040 


Total  radial 
displacement. 


Inches. 
1.8695 
1.9130 
1.9615 
2.0150 
2.0730 
2.1350 
2.2010 
2.2710 
2.3450 
2.4225 
2.5030 
2.5865 
2.6730 
2.7025 
2.8550 
2.9500 
3.0470 
3.1460 
3.2470 
3.3500 
8.4545 
3 . 5(500 
3.0065 
3.7735 
3.8805 
.9865 
.0900 
.1900 
.2800 
4.3775 
4.4040 
4.5450 
4.0200 
4.0890 
4.7520 
4.8085 
4.8580 
4.9005 
4.9360 
4.9640 
4.9840 
4.9960 
5.0000 
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TABLE,  Continued. 

Backward   Thbow,  in   which   acceleration   is   produced   by  the  Cam,  and  re- 
tardation is  produced  by  the  elastic  pressure. 


A. 

Time. 

Number  of 

interval. 

B. 

Radial  accelera- 
tion +  or 
retardation  — . 

c. 

Radial  velocity 
attained. 

D. 

Radial  motion 
during  interval. 

E. 

Total  radial 

displacement. 

94 

Inches. 
+  .008 

.008 

.008 

.008 

.007 

.007 

.0:J7 

.007 

.006 

.006 

.006 

.006 

.005 

.004 

.003 

.000 
-.003 

.004 

.006 

.008 

.009 

.009 

.(108 

.008 

.007 

.007 

.006 

.006 

.005 

.004      • 

.003 

.003 

.001 

.000 

.000 

.000 

.000 

.000 

.000 
+  .001 

.001 

.003 

.003 

.003 

.003 

.004 

.004 

.005 

.005 

.006 

.006 

Inches. 
.008 
.016 
.034 
.033 
.089 
.046 
.053 
.060 
.066 
.073 
.078 
.084 
.0«9 
.093 
.095 
.095 
.093 
.08'J 
.083 
.075 
.066 
.057 
.049 
.041 
.034 
.037 
.031 
.015 
.010 
.006 
.003 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.001 
.003 
.004 
.006 
.009 
.013 
.016 
.030 
.035 
.080 
.036 
.043 

Inches. 
.0040 
.0120 
.0300 
.0380 
.0355 
.0435 
.0^95 
.0565 
.0630 
.0(i90 
.0750 
.0810 
.0865 
.0910 
.0940 
.0950 
.0940 
.0910 
.0860 
.07U0 
.0705 
.0615 
.0530 
.0450 
.0875 
.0305 
.0240 
.0180 
.0135 
.0080 
.0045 
.0030 
.0005 
.0000 
.01)00 
.0000 
.0000 
.0000 
.0000 
.0005 
.0015 
.0080 
.0050 
.0075 
.0105 
.0140 
.0180 
.0335 
.0375 
.0880 
.0390 

Inches. 
0040 

95  

96 

.0160 
0360 

97  

0640 

98 

0995 

99 

1430 

100 

1915 

101 

.3480 

103 

3110 

103 

104 

.3800 
4550 

105 

106 

107 

.5360 
.6335 
.7135 

108 

.8075 

109 

110 

.9035 
.9965 

Ill 

113 

113 

114 

1.0875 
1.1735 
1.3535 
1.8230 

115 

1.3845 

116 

1 . 4375 

117 

1.4835 

118 

1.5200   - 

119 

1.5505 

130 

1.5745 

131 

1>3 

1.5935 
1 . 6050 

133 

1.6130 

134 

136 

137 

1.6175 
1.6195 
1.6300 
1.6300 

138 

1.6-200 

1.6200 

130 

1.6200 

131 

1.6200 

133  

1  6300 

133  

1.6305 

134 

1.6230 

135 

1.6350 

136 

1.6800 

137 

1.6875 

138 

1.6480 

139 

1.6630 

140 

1.6800 

141 

1.7035 

143 

1.7800 

143 

1.7630 

144 

1.8020 
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TABLE,  ro7if I nueil— Backward  Throw. 


A. 
Time. 

Nnin»)er  of 
intervaJ. 

B. 
Radial  accelera- 

tiiin  +  or 
rt'turdation  — . 

C. 

Radial  velocity 
attained. 

D. 

Radial  niotion 
during  interval. 

B. 

Total  radial 

di:?placement. 

14')     

Indies. 
.007 
.007 
.008 
.008 
.009 
.008 
.007 
.006 
.005 
.005 
.004 
.004 
.003 
.003 
.002 
.001 
.000 

-.001 
.002 
.003 
.004 
.005 
.005 
.005 
.005 
.01.6 
.007 
.007 
.008 
.008 
.009 
.010 
.Oil 
.011 
.011 
.011 

Inches. 
.049 
.056 
.064 
.073 
.081 
.089 
.096 
.102 
.107 
.113 
.116 
.130 
.123 
.126 
.128 
.129 
.129 
.128 
.136 
.133 
.119 
.114 
.109 
.104 
.099 
.093 
.086 
.079 
.071 
.063 
.054 
.044 
.0^3 
.023 
.011 
.000 

Inches. 
.0455 
.0525 
.0600 
.0680 
.0765 
.0850 
.0925 
.0990 
.  1045 
.1095 
.1140 
.1180 
.  1215 
.1245 
.1270 
.1285 
.1290 
.12W5 
.1370 
.1245 
.1210 
.1165 
.1115 
.1065 
.1015 
.0960 
.0895 
.0825 
.0750 
.0670 
.0585 
.0490 
.0385 
.C275 
.0165 
.0055 

Inches. 

1.8475 

146 

147     

1.9000 
1.9600 

148 

149 

2.0280 
2.1045 

150  

2.1895 

151 

152 

153     

2.2820 
2.3810 
2.4855 

IM 

155  

2.5950 
2.7090 

150  

2.8270 

157 

3.9485 

15*^ 

3.0730 

159     

3.2000 

160 

8  3285 

161 

1«2  

3.4575 
3.5860 

163     

3.7130 

1(34  

3.8375 

165  

3.9585 

Ifi6 

4.0  J 50 

167 

168 

4.18G5 
4.2930 

169  

4.3945 

170 

4.4905 

171 

4.5800 

172 

4.6625 

173 

1T4 

4.7875 
4.8045 

175 

4.8630 

170 

4.9120 

177 

178 

4.9505 
4.9780 

179 

4.9945 

180 

5.0000 

Note. — Motion  in  the  direction  from  the  cylinder  to  the  crank  is  termed 
forward  motion,  and  motion  in  the  direction  from  the  crank  to  the  cylinder  is 
termed  backward  motion. 

The  forco  roquired  to  impart,  or  to  arrest,  radial  motion  in 
this  manner  is  found  by  comparing  the  velocity  imparted  or 
arrastad  with  tlio  velocity  imparted  by  gravity  to  falling  bodies. 
This  is  the  velocity  that  will  be  imparled  to  a  body  in  any 
direction  by  a  force  equal  to  its  weight.  The  force  varies 
directly  as  the  velocity  imparted  in  a  given  time. 

In  one  second  of  time,  gravity  imparts  to  a  falling  body  a 
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velocity  of  32,166  feet,  or  3S6  inches,  per  second.     The  velocity 
per  second  varies  directly  as  the  time.     Thus  : 

In  1  second,  the  velocity  per  second  imparted  is  386  ins. 

"     .1     "         "  "         "         ''  "  " 38.6ins. 

"    .01   "        "  •'        "        *'  «'  " 8.86  ins. 

But  if,  instead  of  one  second,  we  take  any  number  of  seconds, 
or  any  fraction  of  a  second,  as  the  unit  interval  of  time,  then  the 
velocity  per  such  interval  imparted  by  gravity  varies  from  the 
velocity  per  second  imparted  in  one  second  as  the  square  of 
such  interval.     Thus : 

In  1  second,  the  velocity  per  second  imparted  is 386  ins. 

"    .1      "         "  "         "  .1  of  a  second  imparted  is 3.86  ins. 

**    .01    "         "  "         ".01     "        "  "  "...         .0386 in. 

This  is  obvious. 

Now  in  any  case,  the  velocity  imparted  to  a  body  in  any  in- 
terval of  time  whatever  is  expressed  as  the  velocity  per  such 
interval,  or  as  double  the  distance  moved  through  during  such 
interval,  which  distance  varies  as  the  square  of  the  time. 

In  comparing  this  velocity,  therefore,  with  the  velocity  im- 
parted by  gravity,  we  must  compare  it  with  the  velocity,  per 
such  intervcd,  that  gravity  would  impart  during  the  interval, 
which,  as  above  shown,  varies  as  the  square  of  the  interval. 

The  application  of  this  law  in  the  present  case  is  as  follows : 
The  cam  of  five  inches  throw  may  make,  say,  180  revolutions  per 
minute,  or  three  revolutions  per  second.  The  duration  of  each 
unit  interval  of  time,  J,  is,  then,  -^^  of  a  second.  In  this  inter- 
val, gravity  will  impart  to  a  falling  body  a  velocity,  per  -^\q  of  a 
second^  of  .001327  inch  +  ;  for 

38) -^540- ==.001327  +  . 

At  the  above  rate  of  rotation,  the  greatest  velocity  per  unit 
interval  of  time.  A,  that  is  imparted  or  arrested  by  this  cam 
during  such  interval,  is  .011  of  an  inch.  The  force  required  to 
impart  or  arrest  this  velocity  is,  therefore,  8.31  times  the  wc^'ght 
of  the  valves  and  connections  ;  for 

.011  -r  .001327  =  8,31. 
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The  power  requireJ  in  different  cases  will  vary  from  the  above 
amount,  directly  as  the  throw  of  the  cam,  and  as  the  square  of  the 
revolutions  per  minute.  Thus  the  force  necessary  to  overcome 
the  inertia  of  the  parts  actuated  by  the  cam  is  always  accurately 
known,  for  every  point  of  its  revolution. 

It  will  be  observed,  that  in  every  case  the  transition  from  ac- 
celeration to  retardation,  and  vice  versa,  as  well  as  that  from  one 
de'^ree  of  ac'^eleration  or  of  retardation  to  another,  is  made  in  a 
verv  gradual  manner.  This  insures  to  the  cam  an  action  as 
smooth  as  that  of  an  eccentric. 

It  will  also  be  observed,  that  in  the  construction  of  this  cam 
application  is  made  of  the  law  of  crank  action,  that  on  each  re- 
versal of  reciprocating  motion  retardation  in  one  direction  passes, 
at  its  maximum,  into  acceleration  in  the  opposite  direction,  at  its 
maximum,  the  two  being  equal  to  each  other. 

Thus,  at  the  commencement  of  the  table,  acceleration  begins 
abruptly,  at  .011  inch  per  unit  interval  of  time  A,  in  each  in- 
terval A.  At  the  end  of  the  table,  it  will  be  seen  that  retarda- 
tion terminates  at  the  same  rate.  So  also  at  the  opposite  dead 
point,  retardation  and  acceleration  are  equal,  being  each  .008 
inch.  The  difference  between  the  two  approximates  to  the 
difference  in  piston  velocity  near  the  opposite  centres  which, 
with  a  connecting-rod  six  cranks  in  length,  is  forty  per  cent. 

I  may  call  attention  to  an  interesting  action  of  the  steam, 
assisting  the  cam.  The  piston  valves  are  in  an  equilibrium  of 
pressure  when  the  ports  are  closed  ;  but  when  one  port  is  open 
for  admission,  there  is  a  fall  of  the  pressure  against  that  valve, 
by  the  amount  necessary  to  produce  the  current  of  steam.  The 
full  pressure  being  against  the  opposite  valve  produces  a  reac- 
tion tending  to  resist  the  opening  movement.  The  valves  are 
now  being  brought  to  rest ;  when  the  port  is  fully  open  the 
motion  of  the  valves  has  been  arrested  entirely.  The  excess 
of  pressure  on  the  area  of  the  opposite  valve  assists  in  bring- 
ing the  valves  to  rest,  and  then  also  in  putting  them  in  motion 
in  the  reverse  direction,  so  long  as  the  port  remains  open.  This 
reaction  of  the  steam  is  strongest  at  the  back  end  of  the  cylin- 
der, the  velocity  of  the  piston  and,  therefore,  that  of  the  current 
of  steam,  being  much  more  rapid  at  that  end.  This  is  also  the 
point  wliere  the  most  rapid  retardation  and  subsequent  accel- 
eration of  the  valve  motion  take  place.  The  extreme  force  re- 
quired to  be  exerted  by  the  cam   is,  therefore,  somewhat   less 


CAM  FOR  ACTUATING  VALVES  OF  HIGH-SPEED  STEAM-ENGINES.        133 

than  appears  from  the  table  ;  who  much  less  has  yet  to  be 
ascertained  by  experiment. 

The  manner  in  which  these  cams  are  produced  is  as  follows : 
A  master  cam  is  cut  in  a  dividing  machine  to  the  figures  in  the 
table.  "Working  cams  are  cast  in  a  chill  very  nearly  to  the  cor- 
rect form.  They  are  then  ground  with  a  wheel,  the  diameter  of 
which  is  about  tbe  same  as  that  of  the  roller.  The  carriage 
supporting  the  spindle  of  the  grinding  wheel  has  a  cross  trav- 
erse in  the  lathe,  and  is  made  to  follow  the  contour  of  the 
master  cam,  which  is  keyed  on  the  mandrel  on  which  the  cam 
is  ground,  and  so  revolves  with  it  between  the  lathe  centres. 
In  this  way  the  cams  are  finished  expeditiously  and  accurately. 

The  roller  and  pin  being  also  hardened,  great  durability  is 
assured.  In  case  of  wear,  these  parts  can  be  renewed  readily 
and  at  trifling  cost.  Wear  does  not  occasion  lost  motion,  the 
thrust  being  always  in  one  direction ;  but  if  considerable,  it 
will  change  the  functioning  of  the  valves  somewhat. 
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DCXVIL* 

DESCRIPTION   OF  AN  IMPROVED    CENTRIFUGAL 
GOVERNOR  AND    VALVE. 

BY   CUARLES  T.    PORTEK,    MONTCLAIB,    N.    J. 

(Honorary  Member  of  the  Society.) 

This  governor  needs  but  little  description.  The  illustrations 
make  its  construction  sufficiently  clear  (Figs.  39  and  4-0).  This 
is  such,  that  the  radial  lines  on  which  the  opposing  central 
forces  act  are  coincident.  Its  action  is  frictionless.  This  per- 
mits a  closer  a2:>proacli  to  isochronous  adjustment  than  is  prac- 
ticable in  a  governor,  the  action  of  which  involves  the  over- 
coming of  any  resistance  from  friction. 

The  improvement  in  the  valve  consists  in  balancing  the  stem. 
So  far  as  I  am  aware,  this  has  not  heretofore  been  done.  It  is 
obvious  that  close  regulation  cannot  be  had.  with  a  pressure  on 
the  area  of  the  stem  varying  from  150  pounds  on  the  square  inch 
to  (\  according  as  the  valve  is  wide  open  or  closed. 


♦  Prefented  at  the  New  York  meeting  (December,  1894)  of  the  American 
Srxri'ty  of  Mechanical  Engineers,  and  forming  part  of  VoL  XVI,  of  the 
TrantarAionM. 
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DCXVIII.* 

DESCRIPTION  OF  IMPROVED   FORMS  OF  STEAM^ 
SEPARATOR,  STEAM-JACKET,  AND   RE-HEATER, 

BY    CHARLES    T.     PORTER,    MOKTCLAIR,    N.    J. 

(Honorary  Member  of  the  Society.) 

Although  these  are  entirely  inde pendent,  yet  tliey  are 
essential  to  one  another,  and  contribute  to  one  result.  They 
may  therefore  be  properly  described  together. 

One  purpose  served  by  the  cam  is,  as  has  been  shown,  to 
combine  the  advantage  from  expansion  continued  practically  to 
the  end  of  the  stroke,  with  that  from  very  small  waste  room,  at 
any  desired  point  of  cut-off.  We  have  seen  that  we  cannot  have 
a  reasonable  approximation  in  practice  to  ^theoretical  expansion 
without  this  combination. 

But  we  cannot  employ  very  small  waste  room  with  any  ordi- 
nary construction,  on  account  of  water  in  the  cylinder,  espe- 
cially that  which  is  condensed  in  warming  up.  Using  equilibrium 
valves,  the  engine  would  inevitably  be  broken  down  on  the  first 
revolution.  Relief  valves  in  the  heads  are  an  objectionable, 
and  with  very  small  waste  room  an  inadequate,  means  of  escape 
from  this  dilemma. 

It  is  required  to  make  an  engine  that  shall  be  absolutely  safe 
from  break-down  or  injury  in  starting,  either  through  water  in 
the  cylinder,  or  through  seizure  of  the  valves  by  expanding 
more  rapidly  than  their  seats  ;  and  this,  no  matter  how  small 
the  waste  room,  or  how  closely  the  valves  are  fitted,  or  how 
suddenly  or  at  what  speed  the  engine  may  be  started.  This  is 
the  problem,  the  solution  of  which  I  have  now  to  present. 

The  means  employed  for  this  purpose  are  the  separator 
and  the  all-embracing  jacket  open  to  the  boiler. 

The  following  description  of  these  features,  and  of  the  steam 

*  Presented  at  the  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Vol.  XVI.  of  the  Trans- 
actions. 
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distrilniti(Mi  in  these  engines,  is  illustrated  in  the  accompanying 
views.  These  represent  a  vertical,  tandem-compound  engine, 
of  GO  >  horse  power,  with  condensation  cylinders  18"  and  36" 
diameter,  working  steam  of  1:':0  pounds  boiler  pressure.  One 
cam  of  5  '  throw  operates  the  valves  of  both  cylinders.  The 
steam  is  cut  off  at  .2  of  the  stroke  in  each  cylinder,  and  about 
twenty  expansions  are  realized. 

Fig.  41  shows  front  and  side  elevations,  with  piping  and 
reheater,  of  an  engine  of  24"  stroke,  making  180  revolutions 
per  minute. 

Fi«'.  42  shows  an  exterior  view,  two  vertical  sections,  one  on 
the  centre  line,  and  one  through  the  ports  and  valve-seats,  and 
a  cross-section  through  the  upper  port,  of  the  high-pressure 
cylinder. 

Figs.  43  and  44  show  corresponding  views  of  the  low-pressure 
cylinder.  These  detail  figures  show  a  stroke  of  36",  being  that 
of  an  engine  making  125  revolutions  per  minute. 

Fig.  45  shows  a  longitudinal  section  through  ports  and  valve- 
seats,  with  valves  in  the  position  giving  full  opening  into  the 
upi)er  port  for  admission  of  the  steam,  and  wide  open  exhaust 
out  of  the  lower  port.  One  of  the  four  valves  is  shown  in 
section. 

Fig.  46  represents  the  upper  end  of  a  smaller  high-pressure 
cylinder. 

Fig.  47  represents  the  reheater,  externally  and  in  section, 
without  lagging,  and  with  plan  views  of  the  tube-plates. 

Fig.  48  shows,  on  an  enlarged  scale,  the  interlocking  attach- 
meut  to  the  starting-valve,  seen  in  Fig.  41. 

Tlie  steam -pipe  is  run  in  such  a  manner  that  the  direct  course 
of  the  steam  is  into  the  jacket.  To  reach  the  pipe  leading  to 
the  cyliiid(;r,  it  has  to  turn  the  square  angle  of  a  tee.  (Fig.  41.) 
AVattrr  will  not  do  this,  but  will  maintain  its  direct  line  of  mo- 
tion, th.^  pipe  being  continued  of  full  size  for  a  short  distance 
beyond  the  tee.  This  simple  separator  has  these  two  advan- 
tageH  over  all  forms  of  separator  in  use  :  the  deflection  of  the 
8t<jam  in  the  tee  is  sharper,  and  the  water  has  a  place  to  go. 
Its  efficiency  is  made  quite  complete  by  running  the  pipe  in  tlie 
raanner  shown.  The  water  coming  over  with  the  steam  is,  by 
itH  nj(jmentum  in  tlie  liorizcmtal  pipe,  carried  to  that  side  of  the 
vertical  pipe  which  is  opposite  to  the  outlet  of  the  tee,  so  even 
the  minutest  particles  escape  deflection,  and  the  steam  passes 
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Fig.   42. 
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on  U)  tlio  throttle  quite  dry,  in  a  condition  to  be  superheated 
by  the  reduction  of  pressure  in  passing  through  this  regulating 
valvf. 

The  steam-jacket  is  made  to  embrace  not  only  the  cylinder 
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Fig.  46. 


and   its  heads,  but   also    the    ports,    the   valve-seats    and   the 
internal  steam  passages,  which  latter  are  quite  separate  from 
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the  cylinder.     (Figs.  42,  43,  and  44.)    As  soon  as  steam  is  ad- 
mitted from  the  boiler  to  the  pipe,  it  is  also  in  the  jacket.     The 
10 
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water  formed  in  heating  up  the  branch  pipe,  the  throttle-valve 
and  the  starting-valve,  is  drained  away  by  a  small  pipe,  as 
shown  in  Fi^^.  41.  A  self-acting  pump  returns  to  the  boiler  the 
water  formed  in  the  jackets  and  pipes.  Then,  when  the  engine 
is  to  be  started,  the  cylinder  and  valve-seats  are  already  com- 
pletely heated  up,  and  the  opening  of  the  starting-valve  admits 
only  dry  steam  to  the  cylinder. 

Lest,  either  through  accident  or  design,  the  star  ting- valve 
should  be  open  at  the  time  when  steam  is  turned  on  to  the 
pipes,  or  should,  after  this  has  been  done,  be  opened  prema- 
turelv,  an  interlocking  attachment  is  provided,  which  is  dis- 
engaged automatically,  either  by  the  lineal  expansion  of  the 
cylinders,  or  by  the  pressure  of  steam  in  one  of  the  jackets, 
and  which  makes  it  impossible  to  open  this  valve  until  the 
cylinders  have  become  fully  warmed  up.     (Figs.  41  and  48.) 

It  will  be  observed  that  in  this  engine  the  ordinary  function 
of  the  steam-jacket,  of  reducing  the  amount  of  condensation  of 
the  steam  as  it  enters  the  cylinder,  is  made  subordinate  to 
another  use,  namely,  that  of  making  a  piston-valve  engine  with 
very  small  waste  room,  and  running  at  high  speed,  entirely 
secure  from  accident,  especially  in  starting,  either  through 
water  or  unequal  expansion.  Still,  the  ordinary  use  of  the 
jacket  becomes  in  this  engine  especially  advantageous,  because, 
the  full  boiler  temperature  being  maintained  in  the  jacket  of  the 
high-pressure  cylinder,  and  the  steam  admitted  to  this  cylinder 
having  by  throttling  been  reduced  in  pressure,  and  also  super- 
heated, the  jacket  must  be  very  efficient  in  preventing  cylinder 
condensation.  All  the  conditions  are  most  favorable  to  this 
efficiency.  The  case  is,  as  far  as  possible,  removed  from  the 
ordinary  one,  in  wliich  the  heat  imparted  by  the  jacket  is  insuffi- 
cient often  to  evaporate  the  water  entrained  with  the  enter- 
ing steam,  and  in  order  to  prevent  cylinder  condensation  the 
temperature  of  the  internal  surfaces  must  be  brought  up  from 
that  of  the  exhaust  very  nearly  to  that  of  the  steam  in  the 
boiler.  It  is  no  wonder  that,  under  such  conditions,  the  steam- 
jacket  should  be  a  failure,  that  a  great  amount  of  steam  should 
be  condensed  in  it,  and  be  condensed  to  little  purpose.  This  is 
precisely  what  we  ought  to  look  for.  Sut,  obviously,  such 
failure  can  raise  no  presumption  against  the  efficiency  of  the 
system  here  descriVjed. 

The  jackets    impart  heat,    also,   internally,  to    the   exhaust. 
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They  thus  assist  the  reheaters ;  and  their  combined  effect  must 
be,  that  the  steam  will  enter  the  second  and  third  cylinders, 
especially  the  latter,  not  only  dry,  but  more  or  less  superheated. 
Finally,  the  steam  in  the  latter  cylinder  will  be  dry  at  the  end 
of  the  stroke.  This  is  a  point  of  great  importance,  as  then  the 
exhaust  will  carry  away  into  the  condenser  only  an  inappreciable 
amount  of  heat  abstracted  from  the  internal  surfaces.  It  was 
pointed  out  by  Mr.  Isherwood.  more  than  thirty  years  ago,  that 
dry  steam  can  absorb  but  little  heat  in  this  way ;  that  it  is  water 
that  does  the  mischief  by  its  evaporation,  absorbing  from  these 
surfaces  the  heat  of  vaporization,  until  the  temperature  of  the 
exhaust  has  penetrated  the  metal  deeply.  It  may,  then,  be  con- 
fidently expected  that  in  this  engine  the  indicator  will  account 
for  very  nearly  all  the  water  supplied  to  the  boilers,  except 
that  which  is  returned  from  the  jackets,  the  amount  of  which 
will  be  known ;  and  that  this  latter  amount,  over  and  above 
that  formed  in  warming  up  and  in  providing  heat  to  be  con- 
verted into  work,  will  be  extremely  small.  Pains  have  been 
taken  to  nvoid  neutralizing  the  effect  of  the  jacket,  through 
exposing  the  exterior  surfaces  of  the  cylinder,  or  the  live  steam 
passages,  to  the  refrigerating  influence  of  the  exhaust  blast, 
which  in  the  case  of  the  high-pressure  cylinder  is  most  preju- 
dicial to  economy. 

I  have  long  been  impressed  with  the  conviction  that  the 
efficiency  of  the  steam-jacket  must  be  seriously  impaired  by 
the  accumulation  of  air,  which  is  abandoned  by  the  steam  as 
it  is  condensed,  and  which  there  is  commonly  no  way  to  get  rid 
of.  In  this  engine,  pains  are  taken  to  remove  the  abandoned 
air  from  the  jackets  and  heads.  For  this  purpose,  a  continuous 
current  is  maintained  through  these  into  the  reheater,  and  the 
air  is  permitted  to  escape  at  the  end  of  the  course.  Fig.  46  is 
introduced  especially  to  illustrate  the  construction  by  w^hich 
this  current  is  established  in  a  vertical  engine.  This  figure 
shows  only  the  upper  end  of  a  high-pressure  cylinder.  One  of 
small  size  is  selected,  in  order  to  exhibit  the  passages  from 
head  to  jacket  on  a  larger  scale.  These  passages  are  similar  in 
all  the  heads.  By  an  error,  they  were  omitted  from  the  larger 
cylinder  sections.  In  this  figure,  the  upper  view  is  a  vertical 
section  through  the  upper  end  of  the  cylinder,  valve-seats,  port, 
jacket  and  head.  The  lower  view  is  a  cross-section  through 
the  lower  port,  showing  an  inside  plan  of  the  cylinder  end, 
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jacket  and  head,  with  the  piston  removed.  The  current  from 
the  boiler  enters  the  head  through  the  central  pipe.  This  pipe 
is  made  of  good  size,  and  its  area  is  maintained  in  the  passages, 
in  order  that  the  current  shall  not  occasion  an  appreciable 
fall  of  pressure.  In  the  upper  head  of  each  cylinder  the  pas- 
sa^^es  extend  downward,  as  shown,  to  draw  off  the  water.  The 
current  sweeps  through  every  part  of  the  heads  and  jackets, 
taking  the  air  with  it.  From  the  lower  head  of  the  low-pres- 
sure cylinder  it  is  taken  by  two  short  vertical  pipes  into  a 
horizontal  pipe,  which  leads  to  the  reheater,  in  the  manner 
shown  in  Fig.  47.  The  horizontal  pipe  terminates  in  a  tee,  from 
which  the  water  is  conveyed  away,  to  be  returned  to  the  boiler, 
and  the  steam  and  air  rise  into  the  reheater  tubes.  In  these 
the  steam  is  condensed,  and  at  the  top  air  only  remains,  to  be 
blown  off  through  the  quarter-inch  pipe  shown.  The  air  should 
be  blown  into  the  feed  water. 

Reheaters  frequently  give  trouble  from  the  tubes  coming  to 
leak,  the  conditions  being  very  trying.  The  construction 
shown  in  Fig.  47  is  intended  to  obviate  this  defect.  The  lower 
tube  plate  is  of  cast  iron,  to  have  the  same  rate  of  expansion 
with  the  shell,  and  is  ribbed  to  prevent  deflection  under  the 
steam  pressure.  The  upper  tube-plate,  of  brass,  and  ribbed  for 
the  same  purpose,  is  not  connected  with  the  shell.  It  is  bolted 
to  a  concave  cover,  terminating  in  a  stem,  which  passes  through 
a  stuffing-box  into  the  open  air,  permitting  free  expansion  and 
contraction  of  the  tubes. 

The  capacity  of  the  reheater  shown,  with  that  of  the  connect- 
ing steam  passages,  is  eight  times  that  of  the  low-pressure 
cylinder  up  to  the  point  of  cut-off,  which,  in  the  engine  repre- 
sented, is  at  .2  of  the  stroke.  It  contains  sixty-six  square  feet 
of  relieating  surface. 

The  method  by  which,  in  this  engine,  very  small  waste 
room  is  made  sufficient  for  the  requirements  of  high  speed 
may  properly  be  described  in  this  connection.  The  simple 
piston  valve  employed  at  each  end  of  the  cylinder  is  divided  into 
two  valves  in  cylinders  of  small  diameter,  and  in  larger  cylinders 
into  four  valves,  two  on  either  side  of  the  cylinder,  as  shown  in 
Fig.  44.  These  are  all  connected  by  their  rods,  and  move 
together  as  ono  valve.  The  steam  is  admitted  between  the 
valves,  so  that  the  rods  are  in  tension.  The  valves  are  attached 
to  the  rods  in  such  a  manner  that  they  are  entirely  free  in  their 
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seats.  (See  Fig.  45.)  The  advantage  of  this  division  will  be 
seen  at  once.  For  example,  the  36-inch  cylinder  shown  is 
provided,  at  each  end,  with  four  valves,  each  5.5  inches  in 
diameter.  Their  combined  circumferential  opening,  for  admis- 
sion and  release  (and  the  entire  circumference  is  available  for 
these  purposes),  is  equal  to  that  of  a  single  valve  twenty-two 
inches  in  diameter.  This  would  require  a  port  twenty-eight 
inches  deep,  and  having  nearly  four  times  the  area  of  these  two 
ports,  after  deducting  the  valve  areas  in  both  cases.  The  depth 
of  port  required  by  them  is  a  familiar  objection  to  the  employ- 
ment of  piston  valves  of  large  size.  Also,  the  exhaust  area 
opened  by  the  22-inch  valve  would  be  four  times  too  great,  that 
opened  by  the  four  5.5-inch  valves  being  sufficient.  The 
admission  and  exhaust  pipes  are  each  divided  into  two,  which 
is  a  great  convenience,  and  the  cylinder,  ports,  and  jacket  are 
brought  into  moderate  compass  and  symmetrical  form.  It  is 
evident  that  the  least  departure  from  simple  valves,  making 
a  single  opening  for  admission  and  a  single  opening  for  release 
of  the  steam,  would  render  this  division  of  the  valves,  and  con- 
sequent great  reduction  of  waste  room,  impracticable.  This 
object  can,  therefore,  be  attained,  without  sacrifice  of  efficient 
steam  distribution,  only  by  the  use  of  the  cam. 

Pains  are  taken  to  make  this  engine  distinguished  for  the 
ready  accessibility  of  the  pistons  and  valves,  as  will  be  seen  in 
the  views  here  shown.  Provision  is  also  made  for  reboring  the 
valve-seats  to  their  original  axis,  should  it  ever  be  found 
necessary. 

In  the  progress  of  steam-engine  develo])ment  two  great  im- 
provements— high  pressure  and  expansion  through  two  or  more 
cylinders — have  come  to  us,  and  have  found  in  existence  no 
mechanical  means  adapted  for  turning  their  advantages  to  the 
best  account,  except  the  piston-valve.  The  eccentric  and  the 
variable  cut-off  were  already  in  universal  use,  and  so  have 
necessarily  been  employed  in  connection  with  high  pressure  and 
multiple  expansion,  until  there  should  be  time  to  provide  some- 
thing better  suited  to  their  requirements.  The  singular  unsuit- 
ableness  of  both  these  has  been  sufficiently  shown.  In  the  case 
of  the  eccentric,  this  is  confessed  by  the  various  additional 
devices,  more  or  less  complicated,  and  multiple  openings,  which 
are  resorted  to,  in  the  attempt  to  make  it  answer.  No  one  will 
pretend  that  a  single  eccentric,  pure  and  simple,  will  do  at  all ; 
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but  a  single  cam,  pure  and  simple,  meets  all  the  demands. 
These  contrivances  for  making  the  eccentric  answer  the  require- 
ments of  high  speed,  high  pressures  and  multiple  expansion, 
<»enerallv  involve  the  fatal  defect  of  excessive  waste  room ;  and 
so  enf^ine  builders  have  discovered  that  this  amount  of  waste 
room  is  a  good  thing,  being  necessary,  in  order  to  avoid,  in  some 
degree,  break-downs  from  w^ater  in  the  C3dinder.  In  some  cases, 
as  I  know,  the  waste  room  is  for  this  latter  purpose  made  larger 
than  would  otherwise  be  required.  This  is  the  present  state  of 
steam-engineering. 

Expansion  continued  to  the  end  of  the  stroke,  with  ample 
areas  for  admission  and  release,  and  small  waste  room,  in  con- 
nection with  superior  jacket  and  reheater  efficiency,  as  these 
features  are  combined  in  this  engine,  present  the  conditions 
most  favorable  to  economy.  This  statement  will,  doubtless,  be 
generally  accepted  as  correct.  The  advantages  thus  possessed 
will  generally,  as  shown  in  the  illustrations  to  this  paper,  enable 
the  number  of  expansions  to  be  got  in  two  cylinders,  for  which 
three  cylinders  are  now  employed,  and  with  even  less  loss  from 
cylinder  condensation  ;  and  will  enable  the  extreme  number  of 
expansions  that  it  is  ever  desirable  to  employ  to  be  got  advan- 
tageously in  three  cylinders,  dispensing  with  the  fourth  cylinder 
altogether.  They  enable  a  higher  standard  of  economy  to  be 
set  throughout  the  entire  range  of  engine  construction,  from 
non-condensing  engines  in  which  only  from  six  to  eight  expan-^ 
sions  are  employed,  up  to  engines  in  which  expansion  is  con- 
tinuod  to  one-fortieth  of  the  initial  pressure,  or  from  200  pounds 
initial  to  five  pounds  terminal  pressure.  In  view  of  what  has 
already  been  done,  under  conditions  comparatively  unfavorable, 
can  there  be  any  doubt  that,  under  the  conditions  here  pre- 
sented, a  consumption  not  exceeding  ten  pounds  is  by  these 
means  attainable  in  regular  work  ?     I  think  not. 

This  system,  as  a  whole,  is  now  submitted  to  the  judgment  of 
engineers  upon  the  claim  that  it  enables  the  utmost  economy  to 
be  reached  of  which  the  steam  engine  is  capable,  and  that  by 
the  most  simple  means. 

^^  hile  the  only  practical  service  on  which  this  system  has  yet 
been  employed  has  been  on  a  very  small  scale,  on  a  pair  of  simple 
vertical  engines  of  eight  inches  diameter  of  cylinder  by  six  inches 
8trf>ko.  running  at  300  revolutions  per  minute,  it  has  so  happened 
that  every  point  has  received  a  more  searching  test,  and  been 
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proved  in  a  more  conclusive  manner,  than  it  could  be  on  any  num- 
ber of  large  engines  making  a  fewer  number  of  revolutions  per 
minute.  This  was  especially  true  of  the  point  of  safety  in  start- 
ing. Indeed,  a  test  more  trying  could  not  be  imagined.  The 
engines  were  applied  to  drive  a  pump  of  novel  construction,  and 
had  no  fly-wheel.  The  pump  chambers  were  connected  by  a 
by-pass  pipe,  to  drain  them  when  not  in  use.  They  were  first 
started  with  the  valve  in  this  pipe  open.  They  were  intended  to 
be  regulated  by  a  little  Waters  governor.  The  number  of  revo- 
lutions marked  on  this  governor  was  entirely  wrong,  so  that  as 
speeded  it  did  not  regulate  at  all.  The  waste  room  was  3.}  per 
cent.,  the  stroke  being  very  short ;  and  to  get  it  down  to  this  I 
had  made  the  clearances  only  -^\  inch.  When  steam  was  ad- 
mitted, the  pistons  leaped  at  once  to  a  frightful  velocity.  It 
could  not  have  been  less  than  600  revolutions  per  minute,  pro- 
ducing excessive  vertical  vibration.  There  was  no  accident,  nor 
sound,  as  of  water,  in  the  cylinders.  It  struck  me  that  this 
unlooked-for  test  of  the  efficiency  of  the  separator  and  jacket 
was  of  such  a  crucial  nature  that  it  ought  to  be  repeated,  and 
I  improved  every  opportunity  to  do  so.  While  experiment- 
ing with  the  pump,  I  must  have  relocated  this  test  more  than 
a  score  of  times,  without  ever  a  thought  of  an  accident.  Of 
course,  any  other  piston-valve  engine  would  have  been  broken 
down  by  water,  especially  on  the  upper  centre,  at  the  first 
jump. 

Unfortunately,  the  pump  proved  a  failure.  A  friction  brake- 
wheel  was  put  in  its  place  for  continuing  experimental  work 
with  the  engine.  When  afterwards  this  was  examined  by  Pro- 
fessor Denton,  between  the  inertia  of  the  wheel  and  the  friction 
of  the  brake-blocks  lying  on  its  surface,  the  furious  start  had 
been  rendered  impossible.  I  started  as  sharply  as  I  could 
do,  but  had  to  regret  that  on  this  point  I  could  not  show 
the  Professor  the  wonderful  demonstration  that  I  had  myself 
enjoyed. 

I  had  made  preparations  to  test  these  engines  for  steam  con- 
sumption, but  the  failure  of  the  pump  rendered  this  impracti- 
cable. Two  things,  however,  indicated  extreme  economy.  The 
steam  blown  occasionally,  while  running,  from  the  indicator- 
cocks  seemed  quite  dry,  only  becoming  visible  after  entering  the 
atmosphere,  and  the  expansion  line  always  coincided  with  the 
hyperbolic  curve  quite  to  the  end. 
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DISCUSSION. 


Prof.  C.  B.  Richards.— I  have  read  Mr.  Porter's  papers  with 
the  greatest  interest. 

No  one  can  examine  them  carefully  without  becoming  im- 
presseil  with  the  evidence  they  afford  of  the  vast  amount  of  study 
and  labor  which  Mr.  Porter  has  given  to  the  design  of  the 
new  engine  he  presents  to  the  attention  of  the  Society.  The 
thoroughness  with  which  every  detail  has  been  worked  out  is 
quite  characteristic  of  his  methods,  and  the  departures  from 
customary  practice  are  radical,  as  is  usual  with  Mr.  Porter's  pro- 
ductions. 

Most  of  the  novel  features  he  describes  commend  themselves 
to  mv  mind  at  the  outset,  others  will  have  to  be  studied  to  be 
appreciated  fully. 

The  '*  fluid  pressure  spring,"  for  constraining  the  movements  of 
the  cam-roll  relatively  to  the  cam,  seems  to  afford  an  excellent 
solution  of  the  problem  of  using  a  cam  for  working  balanced 
valves  at  a  considerable  speed,  and  the  profile  of  the  cam  has  been 
so  carefully  studied  by  Mr.  Porter  that  there  is  little,  if  any,  room 
for  improvement.  Placing  the  cam  on  a  countershaft,  instead  of 
on  the  main  crank  shaft,  permits  such  a  reduction  in  its  size  that 
a  comparatively  small  cam-roll  can  be  used  without  an  excessive 
s|>eed  of  revolution  of  the  roll. 

There  can  be  no  reasonable  doubt  that  Mr.  Porter's  method  of 
supplying  the  cylinder  jackets  with  steam  will,  as  he  has  found  in 
his  trial  engine,  be  a  sure  preventive  of  accidents  from  the  pres- 
ence of  water  in  the  cylinders — Monday  morning  accidents,  as  they 
may  V>e  called.  An  interesting  confirmation  of  the  correctness 
of  the  principle  can  be  had  from  the  records  of  the  working  of 
over  one  thousand  Baxter  engines  which  have  come  under  my 
notice. 

Tljo  vortical  cvlinders  of  these  eng-ines  hano^  inside  the  boiler 
itscfif,  and  are  inmiersed,  steam-chest  and  all,  in  the  steam  which 
fills  the  upper  part  of  the  boiler,  and  I  have  not  known  of  a  single 
instance  of  injury  fi-om  water,  nor  of  any  symptoms  of  its  pres- 
ence in  the  cylinders. 

In  the  shop  where  these  engines  are  built,  every  engine  used  to 
be  starte<l  perhaps  ten  (10)  times,  and  run  at  intervals,  under  full 
steam  pres.sure.  The  way  they  were  usually  started  was  to  first 
open  the  tlin^ttl*'  widf'ly,  then  turn  the  engine  past  its  dead  centre 
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and  let  it  fly  ;  and  I  have  no  doubt  the  same  practice  is  continued 
at  Colt's  Armory  to  the  present  day.  No  one  ever  thought  of 
exercising  any  caution  in  starting  an  engine.  The  cylinder  and 
chest  of  the  Baxter  engine  are  hardly  so  completely  bathed  in  the 
steam  at  boiler  pressure  as  the  cylinders  shown  by  Mr.  Porter 
will  be. 

Whether  the  complete  jacketing  of  all  the  cylinders  will  result 
in  steam  economv  seems  to  me  doubtful,  but,  as  a  safetruard 
against  water-hammer  in  the  cylinders,  it  must  be  a  success. 

The  form  which  Mr.  Porter  has  adopted  for  the  outside  of  the 
cylinder  casting  is  admirable,  providing,  as  it  does,  complete  jack- 
eting for  cylinder  barrel  and  valve  chests,  with  a  minimum  of 
radiating  surface. 

Whether  the  improvement  in  steam  economy,  resulting  from 
the  reduction  of  clearance  space,  will  be  as  great  as  Mr.  Porter 
seems  to  anticipate,  remains  to  be  ascertained  by  experiment. 

In  some  ways  clearance  is  not  an  unmitigated  evil,  and  we  find 
results  from  trials  of  a  triple-expansion  engine  having  twelve  per 
cent,  clearance  in  the  high-pressure  cylinder,  which  rank  among 
the  best  in  point  of  economy.  However  this  may  be,  the  reduc- 
tion of  the  size  of  the  piston-valves  by  multiplying  them  seems  to 
me  to  be  excellent  practice.  It  must  not  be  inferred  from  this 
last  remark  that  I  consider  the  existence  of  clearance  space  as 
conducive  to  steam  econcjmy,  for  my  opinion  is  quite  the  reverse 
of  this.  Published  results  of  experiments,  however,  seem  to  indi- 
cate that  a  high  degree  of  economy  can  be  secured  in  engines 
having  considerable  waste  room. 

Prof.  R.  H.  Thurston. — It  is  always  a  pleasure  to  find  the  name 
of  one  of  our  charter-members  and  pioneers  on  the  list  of  papers, 
and  a  double  pleasure  to  receive  from  him  the  results  of  his  latest 
labors.  It  sometimes  looks  as  if  some  of  our  oldest  friends  were 
forgetting  the  great  task  w^hich  is  none  the  less  theirs  to-day 
that  it  has  come  to  such  almost  unhoped-for  fruition,  and  were 
now  and  then  forgetting  that  they,  more  than  others,  should 
"  hold  up  the  hands  "  of  their  successors  in  active  management. 
It  gives  me  special  pleasure,  in  the  present  case,  to  welcome  so 
interesting  a  paper  from  one  of  our  pioneer  members,  and  to  com- 
ply with  the  request  to  say  a  word  in  its  discussion. 

The  general  plan  of  Mr.  Porter,  in  this  case,  seems  to  me  per- 
fectly correct,  ideally ;  and  it  lias  been  certainly  most  thought- 
fully and  thoroughly  Avorked  out.     A  cam-movement  for  steam 
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distribution  luis  always  seemed  to  me  the  perfection  of  mechanical 
action  fur  sucii  a  purpose;  but  it  has  hitherto  always  proved 
costiv  to  build,  expensive  to  keep  in  repair,  and  its  kinematic 
advantao-e  of  correct  motion  practically  less  than  anticipated. 
In  the  present  case  the  designer  has,  it  would  seem,  met  and  con- 
ipierod  some  of  these  difficulties  of  practical  operation,  and  time 
anil  prolonged  trial  must  determine  to  what  extent  the  net  result 
is  sufficiently  satisfactory  to  make  the  new  engine  a  successful 
competitor  with  the  fittest  which  have,  thus  .far,  survived.  The 
plan  of  fixed  cut-off  and  throttling  regulation  is  so  far  perfected, 
in  this  case,  that  we  may,  I  think,  expect  to  see  it  meet  every 
demand.  Working  close  to  the  piston,  with  freedom  from  friction 
and,  as  it  may  certainly  be  made,  as  exact  isochronism  as  may 
prove  desirable,  it  seems  to  me  an  admirable  arrangement  of 
governor  and  valve.  The  balanced  stem  is,  I  have  no  doubt,  a 
refinement  which,  minute  as  it  seems,  will  contribute  a  sensible 
element  of  good  working.  The  steam-separator  and  the  jacket 
design  will,  I  have  no  question,  do  their  work,  and  well.  In  fact, 
the  re|X)rt  of  the  action  of  the  engine  already  built  indicates  suc- 
cess in  operation  in  all  these  points.  The  method  of  reducing 
clearance  seems  to  me  a  real  advance. 

There  is  one  question  of  principal,  and  two,  as  it  occurs  to  me, 
of  minor  importance,  which  probably  only  time,  and  the  trials  of 
the  market,  can  entirely  solve.  The  first  is  that  of  the  compara- 
tive value  for  various  classes  of  application  of  the  system  of  gov- 
erning by  throttling,  with  cut-off  fixed,  and  that  of  regulation  by 
adjustment  of  the  ])oint  of  cut-off,  steam-chest  pressure  being  con- 
stant. Willans  has  shown  conclusively  that  either,  under  suit- 
able conditions  of  operation,  may  do  excellently  ;  but  I  think  we 
must  await  the  result  of  Mr.  Porter's  experiments  and  experience, 
and  that  of  those  who  use  good  engines  of  this  type,  before  we 
can  settle  it.  AVith  very  variable  load  I  should  expect  the  former, 
in  some  cases,  at  least,  to  exhibit  a  decided  advantage,  since  the 
average  a<ljustment  is  apt  to  fall  far  within  that  for  which  the 
engine  is  rated  ;  but  where,  as  in  many  cases  is  the  fact,  the  en- 
gine is  ref|uired  to  frecjuently  develop  exceptionally  large  power, 
the  latter,  by  foHowing  nearly  full  stroke,  with  steam-chest  press- 
are  behind  the  piston,  will,  I  imagine,  be  selected.  The  question 
whether  this  or  the  other  type  will  find  most  general  application, 
will  depend,  I  su[)pose,  largely  on  the  relative  frequency  of  the 
one  or  the  other  conditions.     Thus,  for  electric  lighting,  the  new 
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engine,  proportioned  for  a  regular  maximum  load,  should  do  bet- 
ter, perhaps,  than  on  street-car  work,  where  the  variation  is  so 
sudden  and  so  enormous,  and  where  an  engine  which  can  either 
follow  full  stroke,  or  cut  off  at  zero,  would  seem  likely  to  be  pref- 
erably selected.  It  will  be  interesting  to  ascertain,  as  w^e  will,  I 
hope,  in  time,  just  how  far  this  restriction  of  the  maximum  load 
will  prove  objectionable  in  practice.  I  should  suppose  the  new 
engine  would  find  its  very  best  conditions  of  operation  in  cotton 
mills,  for  example,  where  fine  regulation,  with  a  fairly  constant 
full  load,  may  be  required. 

The  minor  questions  concern  the  quietness,  durability,  and  gen- 
eral efficiency  of  the  gearing,  and  the  safe  working  of  the  cam- 
roller-pin  at  the  pressures  and  speeds  proposed  for  it,  during  a  long 
life.  These  are  points  to  be  settled  only  by  experience  and  pro- 
longed use.  We  shall  all  hope  to  see  the  engine  well  tested,  and 
shall  wish  for  it  all  the  success  that  the  patience,  industry,  inge- 
nuity, and  genius  of  its  designer  give  title  to.  I  think  it  will  find 
its  place. 

Zachariah  Allen,  in  1834,  attached  the  governor  to  determine 
the  point  of  cut-off  on  an  old-fashioned  slide-valve  engine  ;  Corliss, 
in  181:9,  applied  it  to  the  drop  cut-off ;  Sickles  and  Greene  used 
it  about  the  same  time  on  other  forms  of  gear,  including,  in  the 
former  case,  the  oldest  detachable  gear.  The  return  to  a  fixed 
expansion  and  throttling  governors  may  not  prove  a  retrograde 
movement ;  although  substantially  all  the  fine  work  of  the  world, 
both  in  economy  and  in  regulation,  is  performed  by  the  other 
system.  Mr.  Leavitt  has,  for  many  years,  successfully  used  cams 
for  slower  engines,  and  has  secured  a  beautiful  steam-distribution. 
Mr.  Porters  plan  of  holding  contact  by  fluid  pressure,  and  thus 
avoiding  lost  motion  at  high  speeds,  seems  sensible  and  practi- 
cable, and,  even  if  it  did  not,  his  trials  of  it  w^ould  seem  to  have 
settled  that  question.  It  is  a  pretty  device.  The  old  "  French 
cam,"  used  for  many  years  by  Mr.  Wright,  on  some  of  his  engines, 
and  described  bv  Armenofaud  about  1850,  is  another  illustration 
of  a  successfully  working  cam,  and  that  with  adjustable  ratio  of 
expansion.  Mr.  E.  S.  Bowen  made  a  frictionless  governor,  in 
Sible}^  College,  some  years  ago,  but  with  uncertain  success. 

On  the  Avhole,  it  appears  to  me  that  Mr.  Porter  has  designed 
one  of  the  most  interesting  and  admirable  examples  of  a  com- 
pletely new  engine,  in  which  details  are  fitted  each  to  every  other 
in  the  most  natural  manner  possible,  that  has  yet  appeared. 
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Mr.  Georqe  I.  liocl'icood. — A  famous  English  writer  some 
seventv-live  years  ago  remarked  that,  although  before  the  Flood 
a  man*  could  take  one  hundred  and  fifty  years  in  which  to  write 
his  lii-st  book  and  then  live  several  centuries  afterwards  to  see  it  a 
success,  vet  nowadays  the  post-diluvian  style  of  writing  naturally 
contracts  itself  into  those  inferior  limits  which  are  better  accom- 
moilated  to  the  abridged  duration  of  human  life  and  literary  labor. 
Said  he  :  "  For  a  writer  to  handle  a  subject  as  if  mankind  could 
louno-e  over  a  pamphlet  for  ten  ^^ears,  as  before  their  submersion, 
is  to  be  guilty  of  the  most  grievous  error  into  which  a  writer  can 
possibly  fail." 

It  is  most  refreshing,  therefore,  to  note  the  brevity  of  Mr. 
PorteFs  papers,  and,  indeed,  to  read  over  the  many  terse  and 
pithy  papers  presented  at  this  meeting.  It  is  especially  helpful  to 
adequate  discussion. 

I  am  oflad  to  see  that  Mr.  Porter  sees  no  disadvantao^e  in  the  use 
of  a  relatively  large  intermediate  receiver ;  apparently,  the  illus- 
trations of  his  engine  show  that  the  receiver  must  be  a  large  one, 
in  comparison  with  the  size  of  the  engine. 

I  would  like  to  remark  upon  the  beauty  of  design  of  the 
frame.  It  may  seem  to  some  a  comparatively  non-essential  part 
of  the  designer's  business  to  aim  at  beauty  of  outline,  especially 
in  so  unimportant  a  part  of  the  engine  as  the  frame ;  yet  it  is 
a  very  difficult  thing  to  get  all  the  mechanical  features  into  an 
appropriate  arrangement  which  is  also  beautiful  and  attractive  to 
tin*  appreciative  eye  ;  and  it  really  is  still  more  important  than 
difficult,  if  the  engine  is  to  be  a  commercial  as  well  as  a  mechani- 
cal success.  It  makes  no  difference  to  the  average  buyer  how 
admirable  the  novelty  introduced  into  the  design  of  the  engine 
may  Vje,  you  cannot  sell  to  him  unless  the  engine  commends  itself 
on  tii-st  sight. 

One  other  point  occurs  to  me  which  I  would  like  to  speak  upon. 
Mr.  Porter  alludes  to  the  unadaptability  of  an  automatic  cut-off 
engine,  whether  simple  or  multiple  cylinder,  to  a  variable  load, 
owing  to  increased  loss  from  cylinder  condensation  at  very  early 
cut-^>frs.  In  this  connection  I  would  like  to  speak  of  the  unadapt- 
ability of  triple-expansion  engines  to  variable  loads,  when  the  in- 
termediate and  low  cylinders  have  their  points  of  cut-off  varied 
automatically  by  the  governor,  to  tlve  same  extent  that  it  alters  the 
cfit-^iff  m  the  hUjh-])reHHiire  cylinder.  This  was  pretty  nearly  the 
caiie  with  the  triple-expansion  engines  running  the  electrical  road 
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between  St.  Paul  and  Minneapolis,  described  in  a  paper  by  Messrs. 
Pike  and  Hus^o. 

They  gave  as  the  steam  consumption  of  these  engines  the 
excessive  figure  of  nineteen  pounds  per  I.H.P.  per  hour ;  and  several 
members  declared  this  to  be  frequent  and  customary,  and  anybody 
who  asserted  that  thirteen  or  fourteen  pounds  could  be  regularly 
achieved,  ignorant.  Perhaps  they  had  truth  on  their  side ;  but 
I  wish  to  point  out  one  chief  difficulty  with  those  engines,  and 
show  how  the  IS'atick  engine  would  have  avoided  it  by  reason  of 
its  peculiarity  of  design."^ 

When  fully  loaded,  no  drop  of  pressure  was  provided  for,  in 
these  trij^le  engines,  at  the  terminal  of  the  expansion  in  the  first 
two  cylinders.  The  consequence  was  that  when  run  under  light 
loads  the  receiver  pressures  were  not  lowered,  but  rather  were 
increased,  thus  causing  (1)  large  loops  in  the  diagrams  from  the 
high  and  intermediate  cjdinders,  or,  in  other  words,  negative 
work  in  those  cylinders,  to  such  an  extent  as  to  put  upon  the  low- 
pressure  cylinder  the  duty  of  driving  the  external  load.  Thus, 
the  engine  was  converted  into  a  simple  condensing  engine,  and 
its  economy  could  be  no  better  than  that  of  one  of  James  Watt's 
engines.  But  it  caused  (2)  a  great  Avaste  of  friction  by  reason  of 
having  to  keep  in  motion  two  useless  pistons. 

!N'ow  I  will  present  a  diagram  (Fig.  49)  to  illustrate  my  mean- 


Atm. 


Vac. 

Fig.  49. 


ing,  and   show  how  the  Natick  engine  Avould  have  avoided  the 
diificulty. 

Suppose  cut-off  in  high-pressure  cylinder  to  take  place  at  3,  in 
the  intermediate  cylinder  at  4,  and  in  the  low-pressure  cylinder  at 

*  For  description  and  discussion,  see  Transactions  A.  S.  M.  E.,  Vol.  XVI.,  p.  179, 
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5,  when  the  triple-expansion  engine  was  fully  loaded,  all  cut-offs 
beino"  so  ordered  as  to  eliminate  drop  in  both  first  and  second  cyl- 
iudei-s,  and  receivers  supposed  large  enough  to  cause  a  nearly 
horizontal  back-pressure  line.  These  suppositions  w^ere  facts  in 
the  ease  of  the  Minneapolis  engine. 

JSow  supposing  that  the  law  of  the  curve  3,  4,  5,  12  is  FV= 
constant,  it  is  plain  that  the  Natick  engine  would  have  lost  the 
shaded  area  c  under  like  conditions  of  operation.  Actually,  the 
constant  which  is  equal  to  P  Fis  not  the  same  for  all  the  curves, 
3-4^4-5.  and  5-12  ;  on  account  of  cyhnder  condensation  the  area  c 
is  much  larger,  relatively,  in  my  diagram  than  it  w^ould  be  in  prac- 
tice. AVhatever  the  loss  of  area  is,  the  percentage  of  loss  is  found 
bv  referring  it  to  the  whole  area  due  to  cut-off  at  3. 

Supi)ose  the  cut-off  to  take  place,  now,  at  2,  thus  giving  the 
curve  2,  T,  6,  10,  11.  Suppose,  also,  that  the  receiver  pressures 
are  not  lowered  as  was  the  case  with  the  Minneapolis  engines. 
(The  fact  was,  the  cut-offs  on  the  second  and  third  cylinders 
shortened  somewhat  faster  than  did  that  on  the  high-pressure 
cvlinder,  and,  as  a  consequence,  the  receiver  pressures  Avere  a  bit 
higher  with  cut-off  at  2  than  with  it  at  3.)  The  shaded  areas,  a 
and  /y,  would  be  formed,  and  these  represent  negative  work  in  the 
fii-st  and  second  cylinders.  In  practice  the  areas  a  and  h  are  each 
of  them  larger  than  area  c,  and  their  harmful  effect  is  to  be  ex- 
pressed by  referring  them  to  the  whole  area  due  to  cut  off  at  2. 
Indeed,  an  inspection  of  the  published  cards  from  the  Minne- 
a|K>lis  engine  shows  that  the  effect  of  these  loops  was  to  almost 
nullify  the  effective  work  of  the  first  tw^o  cylinders,  thus  con- 
verting the  engine  as  a  whole,  as  I  said  at  the  beginning,  into 
an  old-fa.shioned  condensin"-  en^jine  usin^i:  steam  at  four  or  five 
{Kjunds  ])ressure ;  w^hereas  the  Natick  engine,  operated  at'  the 
sixnie  |>oint  of  cut-off,  2,  and  governing  on  both  cylinders  as  in 
tlie  Minneapolis  engine,  would  have  neither  drop  nor  loop.  In 
otlier  words,  the  Natick  engine  overcomes  the  difficulty  without 
meeting  it. 

Here  is,  I  believe,  a  reason  why  engines  designed  after  the  style 
of  the  Natick  engine  have  given  so  uniform  an  economy  as  they 
have  done  under  variable  loads  :  no  nefj:ative  work  is  done  on 
receiver  steam.  If  the  intermediate  cylinder  were  in  use,  there 
would  Ik;  a  large  n<;gative  quantity  of  work  done,  thus  converting 
the  first  two  cylinders  into  pumps  to  resist  the  effort  of  the  low- 
pressure  pi.ston  and  the  fly-wheel. 
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*  Mr.  Kent  has  speculated  as  to  whether,  after  all,  there  is  any 
loss  of  energy  in  the  engine  as  a  result  of  the  loop  action. 

I  suppose  he  does  not  question  that  the  area  of  the  loop  repre- 
sents negative  work,  and  it  is  some  inadvertence  that  causes  him 
to  query  as  to  the  propriety  of  subtracting  the  area  of  the  loop 
from  that  of  the  remainder  of  the  card  in  determining  the  power 
of  the  cylinder  exerted  on  the  crank-pin. 

Mr.  Kent's  speculation  is,  it  appears  to  me,  more  academic 
than  practical,  as  we  know  that  a  high-pressure  cylinder  at  work 
under  these  conditions  would  condense  some  of  the  incomino- 
steam  and  deliver  it  as  water  into  the  receiver.  The  heat  equiva- 
lent of  the  negative  work  done  in  this  cj^linder  on  the  receiver 
steam  would  be  quickly  swallowed  up  in  evaporating  this  water 
into  steam  at  receiver  pressure.  This  latent  heat  cannot  reappear 
as  work. 

If  we  suppose  the  •steam  to  have  the  properties  of  a  perfect 
gas,  thereby  having  no  water  to  evaporate  in  the  receiver,  then  it 
seems  likely  that  some  portion  of  the  negative  work  wouid  be 
recovered  in  the  second  and  third  cylinders,  because  the  volume 
of  the  gas  at  cut-off  in  second  cylinder  would  be  increased  if 
negative  work  heated,  by  compression,  the  receiver  gas.  That 
there  would  still  be  a  loss  due  to  negative  work,  however,  is  evi- 
dent from  the  very  supposition  that  the  volume  of  gas  at  constant 
pressure  in  the  second  cylinder  is  greater  than  it  would  be  with- 
out the  negative  work.  Plainly,  the  final  temperature  of  the  gas 
as  it  esca])es  to  the  condenser  is  higher  than  it  would  have  been 
without  negative  work,  or,  in  other  words,  more  heat  is  taken 
from  the  boiler  to  do  the  same  amount  of  useful  work. 
*  Let  us  suppose  that  the  points  of  cut-off  in  the  intermediate  and 
low-pressure  cylinders  are  so  ordered  as  to  cause  the  areas  of  the 
loops  in  first  and  second  cylinder  diagrams  to  equal  the  areas  of 
the  useful  portions  of  the  diagrams.  Then,  even  AA^ith  saturated 
steam  to  start  with,  as  well  as  in  the  case  of  a  perfect  gas,  tlie 
thermo-dynamic  loss  would  be  large,  as  the  result  of  doing  all  the 
w^ork  in  the  low-pressure  cylinder,  by  reason  of  the  greatly  less- 
ened range  in  temperature  and  pressure  through  which  the  steam 
is  allowed  to  Avork ;  or,  to  put  it  another  way,  by  reason  of  the 
throttling  action  on  the  steam  of  the  first  tAvo  cylinders. 

Mr.  Oherlin  Smith. — I  Avant  to  say  a  Avord  in  faA^or  of  the  cam 

*  Added  since  the  meeting. 
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itself  as  a  mechanical  device.  It  has  always  seemed  to  me  a 
curious  thing  that  more  cams  have  not  been  used  for  engine 
valves.  Thev  have  been  used  on  Western  steamboats,  in  a 
crude  way,  and  on  large  pumping  engines  with  slow  speeds. 
etc. :  but  pei"ha])s  the  catch  'em  and  snatch  'em  and  let  'em  go 
valve  oreai-s  are  ffood  mechanical  devices  where  we  have  to  have 
variable  cut-offs.  I  will  not  discuss  here  whether  or  not  we  can 
get  along  with  engines  of  the  type  described  in  this  paper,  having 
a  fixed  cut-off,  but  will  assume  that  they  are  all  right.  The 
question  I  am  answering  is  whether  a  cam  and  roller  is  a  good 
mechanical  device  for  obtaining  any  desired  motion.  To  me  it 
has  always  seemed  the  preferable  way ;  where  you  cannot  do  it 
with  levei-s  and  cranks,  and  where  you  can  do  it  with  a  cam  and 
get  just  what  you  want.  In  high-speed  engines  we  cannot  admit 
any  of  the  snap  'em  and  catch  'em  arrangements  used  on  slower 
engines  of  the  Corliss  type,  and  if  a  cam  s^ms  as  if  it  won't  do 
what  we  want,  the  onl}^  thing  remaining  is  to  make  it  do  it.  I 
liave  had  a  good  deal  of  experience  with  cam  motions  of  various 
kinds,  both  with  cams  and  rollers  made  of  steel  castings  not  hard- 
ened, and  with  ordinary  forged-steel  hardened,  both  of  which 
liave  given  excellent  results  if  properly  proportioned.  I  have  not 
had  as  much  experience  with  chilled  iron  cams,  like  these  of  Mr. 
P(jrter's,  but  I  see  no  reason  why  they  should  not  be  both  excel- 
lent and  durable.  The  chief  point,  in  the  first  place,  with  any 
cam  motion,  is  to  get  abundant  bearing  surface  upon  both  roller 
and  cam,  so  that  they  will  not  wear  out  too  soon,  including  the 
pin  of  the  roller.  I  believe  we  are  not  told  here  whether  the  pin 
ruvulves  with  the  roller;  but  it  is  usually  best  to  let  it  so  revolve, 
so  as  to  avoid  makin^:  the  roller  hole  wear  loose  and  brintr  its 
pressure  on  a  line  of  contact  only.  The  cam  should  be  made  of 
pro|x?r  material,  and  sufficiently  broad-faced  not  to  crush  or  to 
wear  tr>o  fast.  It  should,  furthermore,  be  so  proportioned  as  not 
to  give  IfK)  rapid  a  motion  suddenly  to  the  reciprocating  parts, 
the  •*  time"  of  the  arran^-ement  V)eino;'  so  devised  that  the  acceler- 
ating  and  retarding  motions  of  the  heavy  parts  will  be  approxi- 
mately the  same  as  given  by  a  crank  motion,  or,  better  still,  as 
given  by  gravity.  I  understand  that  particular  attention  has 
>)een  paid  to  these  points  by  the  accomplished  designer.  If  these 
things  are  loriked  after  as  thev  should  be,  there  is  no  reason  in 
the  world  why  any  desired  motions  of  this  kind  cannot  be  ob- 
tainwl  by  cams  exactly  as  wc  want  them,  why  they  cannot  run  at 
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high  speed,  why  they  cannot  be  durable,  and,  finally,  why  they 
cannot  be  cheap  to  make. 

21r.  Binsse. — I  should  like  to  ask  Mr.  Porter  what  special  pro- 
vision has  been  made  to  make  the  piston  valve  tight,  and  to  pro- 
vide against  Avear  in  the  piston  valve.  I  am  not  a  steam  engineer, 
but  I  have  had  to  repair  steam  engines  in  which  a  piston  valve 
has  been  used,  and  I  have  been  struck  by  the  excessive  wear  on 
the  piston  valve. 

Mr.  Porter. — I  am  happy,  Mr.  President,  to  answer  this  ques- 
tion. The  subject  of  the  durable  fit  of  the  solid  piston  valve  has 
occupied  my  attention  a  great  deal,  and  in  respect  to  this  mat- 
ter it  seems  to  me  that  by  avoiding  the  causes  of  wear  the  re- 
sult will  be  avoided.  It  is  entirely  a  question  of  construction 
and  workmanship.  The  causes  of  wear  consist  in  imperfectness 
of  form  of  the  cylinder  in  which  the  piston  valve  moves,  and 
of  the  valve  itself,  the  valve  bearing  on  a  few  points  instead  of 
all  over ;  in  distortion  of  form  of  these  surfaces  under  heat ;  in 
injury  to  the  surfaces  from  seizure  through  unequal  expansion  ; 
in  the  binding  of  the  valve  in  its  seat;  and  in  the  action  of 
water,  which,  by  impinging  on  the  surface,  has  been  found  to 
be  destructive  of  the  valve  seat.  In  this  construction  these  causes 
of  wear  are  completely  avoided,  as  has  been  explained  in  the  last 
paper. 

These  valve  seats  are  prepared  with  extreme  care,  intended  to 
be  truly  bored  (they  are  not  ground),  by  using  a  bar  which  is 
demonstrated  to  be  straight.  There  is  one  demonstration  of  a 
straight  bar  which  is  this  :  Lay  it  on  a  straight-edge,  entirely  dry, 
give  it  a  rub,  turn  it  over,  and  if  you  have  a  uniform,  unbroken 
bright  line  from  end  to  end,  that  bar  is  straight,  and  that  bar, 
moving  in  firm  bearings  just  allowing  it  to  move,  is  capable  of 
boring  a  parallel  hole,  and  boring  a  parallel  hole  is  a  much  more 
difficult  thing  than  a  great  many  persons  who  have  not  investi- 
gated the  subject  suppose  it  to  be.  This  bar  I  do  not  cut  for 
inserting  the  tool.  The  head  carrying  the  cutters  is  bored  to 
fit  the  bar  snugly,  and  is  secured  on  any  part  of  the  bar  by  a 
hollow  key  such  as  I  have  described  for  securing  the  cam  on  its 
shaft.  The  cutters  can  be  set  at  any  part  of  the  bar,  and  the 
surface  of  the  bar  will  never  be  marked.  JS'ow,  when  that 
cutter  and  bar  are  fed  through  a  hole,  and  the  finishing  cut  is 
taken  in  the  proper  manner,  you  have  ]:)ractically  a  perfect  hole, 
and  when  a  piston  valve  is  properly  fitted  to  it,  it  has  equally 
11 
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approximate  contact  at  ever\^  point  of  the  surface.  You  ma}^  set 
it  in  a  vertical  position,  and  you  can  weigh  that  valve  and  yet  it 
will  be  steam-tight  and  water-tight.  With  such  a  construction 
there  is  no  tendency  to  wear.  Wear  never  begins,  unless  from 
some  extraneous  cause.  I  should  say  that  pains  are  taken  in  these 
cvlinders  to  make  all  the  parts — namely,  the  cylinder  itself,  as  cast, 
the  valve  seats  and  steam  passages  and  ports,  and  the  outer  enve- 
lo}>e  enclosing  the  steam  jacket — of  uniform  section,  as  shown 
in  the  illustrations  to  Paper  DCXYIIL,  so  that  there  can  be  no 
internal  strain  which  shall  produce  distortion  of  form  when  the . 
cylinder  is  hot.  The  cvlinder  and  valves,  as  also  the  heads  and 
piston,  are  cast  of  a  uniform  mixture  of  iron,  to  insure  equal 
ex|>ansion  b}'  heat. 

Under  these  conditions,  the  piston  valve  properly  fitted  can  be 
relied  upon  to  be  tight  for  a  great  length  of  time,  and  that  is 
the  experience  of  persons  who  have  approximated  to  that  con- 
struction, especially  in  the  vertical  engine.  With  ordinary  lubri- 
cation there  is  nothing  to  wear  it,  and  a  great  length  of  life  is 
assured  to  the  valve.  I  am  impressed  with  that  fact  for  this  rea- 
son :  I  introduced,  over  thirty  years  ago,  the  plan  of  making 
cross-heads  solid,  without  any  means  of  adjustment.  In  some  cases 
that  plan  has  been  a  failure,  where  engines  have  been  running  in 
dirty  places  where  the  atmosphere  is  full  of  grit  all  the  time  ;  but 
under  ordinary  conditions  they  have  endured  well.  In  clean 
engine  rooms,  those  surfaces,  originally  nicely  fitted,  have  worked 
to  my  knowledge  ten  or  twenty  years,  and  are  running  just  as 
good  as  ever  they  were.  On  the  lower  guide-bar  which  takes  the 
vertical  thrust  of  the  connecting  rod,  after  a  dozen  years'  running 
I  have  seen  the  scraping  marks  still  visible.  That  is  what  will 
be  the  case  under  favorable  conditions,  in  a  clean  place,  with  prop- 
erly lubricated  surfaces.  These  surfaces  become  as  hard  as  glass. 
That  is  precisely  what  we  have  in  our  steam  cylinder,  except  that 
in  the  cylinder  there  is  no  pressure  on  the  surfaces,  and  I  think 
that  the  provision  for  re-boring  will  come  into  play  very  rarely 
indeed  ;  but  it  is  always  made,  and  can  be  employed  when  required. 
My  impression  is  that  these  valves  will  be  exceptionally  tight 
through  a  long  course  of  years.  You  know  we  have  not  got  to 
compare  ourselves  with  perfection.  We  have  to  compare  our- 
selves with  things  as  they  exist,  and  that  is  very  far  short  of  per- 
fection. But  I  think  we  shall  approximate  it  much  more  nearly 
than  has  yet  been  done. 
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M7\  Dean. — Mr.  Porter  has  touched  upon  the  use  of  cam  valve 
gears  for  reversing  engines.  It  maybe  interesting  to  members  to 
know  of  something  that  has  been  done  in  that  direction.  It  hap- 
pened to  come  to  me  some  six  or  seven  years  ago  to  have  the 
direction  of  the  carrying  out  in  detail  of  some  large  vertical 
triple-expansion  reversing  engines,  with  four  valves  to  each 
cylinder,  and  these  engines  had  to  be  reversed  with  cams,  and 
also  with  an  automatic  cut-off  engine  on  the  high-pressure  cylin- 
der. Of  course,  the  problem  was  novel,  and  took  a  good  deal  of 
thinking  to  carry  it  out ;  but  finally  we  got  to  the  end  of  it,  and 
the  result  was  a  valve  gear  which  really  worked  very  well  indeed. 
The  engines  had  fifty-two-inch  low-pressure  cylinders  by  six  feet 
stroke,  and  were  to  run  sixty  revolutions  per  minute  and  work 
with  185  pounds  of  steam.  We  found  that  it  was  best  to  make 
the  cams  reciprocating.  We  encountered  the  difficulty  of  revers- 
ing valve  gears — that  is  to  say,  at  anything  like  an  early  cut-off, 
of  diminished  port  opening,  just  as  it  is  found  with  the  eccentric. 
Of  course,  we  could  obviate  it  to  a  much  greater  extent  than 
could  be  done  hy  any  valve  gear  which  had  the  valves  operated 
by  an  eccentric.  The  initial  motion  is  given  to  this  reciprocating 
cam  shaft  by  means  of  what  in  this  country  is  generally  known 
as  the  Walschaert  link,  and  the  lap  was  removed  from  the  valves 
by  connection  with  the  beam.  The  automatic  cut-off  was  used 
more  as  a  safety  feature  than  anything  else,  because  the  cut-off 
could  also  be  varied  by  the  reversing  mechanism.  I  do  not  know 
that  anything  has  ever  been  said  in  public  before  about  these 
engines,  but  they  are  erected,  although  I  have  not  seen  them.  I 
believe  they  are  running  satisfactorily. 

Mr.  M.  iT.  Forney. — It  may  be  interesting  to  some  of  the 
younger  members  here,  who  are  not  as  old  as  some  of  the  rest 
of  us,  to  know  that  the  cam  was  used  quite  extensively  on  AVinans' 
old  camel  locomotives.  On  those  locomotives  there  w^ere  two 
eccentrics,  one  for  the  forward  and  one  for  the  back  motion, 
which  worked  at  full  stroke,  and  there  was  a  cam  which  cut 
off,  as  I  recollect,  about  one-third  of  the  stroke.  A  number  of, 
hundreds  of,  those  engines  were  built  and  worked  quite  success- 
full  v  for  a  ffreat  manv  vears.  I  will  make  a  sketch  on  the  black- 
board  ;  it  will,  perhaps,  be  interesting  enough  to  do  that. 

The  cam  was  of  a  heart  shape,  like  A^  Fig.  142.  Then  there 
was  a  yoke,  BB^  on  each  side  ;  a  short  link,  C\  suspended  it  from 
above,  and  there  was  a  rod,  i>,  with  a  hook,  E.     There  was  one 
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interest  in  o-  feature,  that  perhaps  ma,}^  not  be  new,  about  the 
method  of  chawing  that  cam,  which  is  extremely  simple.  You 
dmw  a  triangle,  ahc,  the  pro})ortions  of  which  are  optional.  You 
now  take  a  centre,  h.  and  describe  a  curve,  1-2  ;  then  from  a 
as  a  centre  describe  the  curve,  2-3  ;  then,  from  c  as  a  centre, 
describe  o-4.  Then  go  back  to  h  and  describe  4-5  ;  then  over 
from  a  describe  5-0),  and  from  c  describe  6-1.  Now  such  a  cam 
has  the  property  that  it  is  of  an  equal  width  at  any  point.  If 
included  by  two  parallel  lines  like  de  and/^,  with  the  cam  in  any 
position,  it  is  always  the  same  width  across.  There  is  nothing 
novel  about  it,  but  cams  of  that  kind  were  used  on  a  great 
manv  engines  for  many  years.     The  locomotives  had  only  forty- 
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twf>inch  driving  wheels,  and,  of  course,  had  to  run  often  at  very 
high  speed  for  that  size  of  wheel.  The  cams  were  made  of  cast- 
iron,  and  the  surface  was  chilled  and  ground  on  an  ordinary 
grindstone,  with  a  gauge  of  a  parallel  form  Wka  edfg^  so  as  to  get 
the  weight  at  every  point  uniform  and  equal.  The  eccentric  rods 
were  also  worked  with  hooks,  which  dropped  into  rockers.  This 
wa.s  a  ca.se  in  which  cams  were  used  for  a  great  many  years,  and 
used  quite  successfully. 

Mr,  John  Thomson. — I  have  just  read,  with  a  great  deal  of 
interest  and  witii  profit,  Mr.  Porter's  paper  on  the  ''  Description 
of  a  Cam  for  Actuating  the  Valves  of  High-Speed  Steam  En- 
gines."    This  interest,  doubtless,  comes  largely  from  a  certain 
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community  of  interest  in  the  premises ;  for  I  have  been  called  a 
"  Cam  Crank  !  " 

I  presume  to  offer  the  following  excerpts  from  a  recent  paper 
presented  bv  me  to  the  American  Societv  of  Civil  Engineers  in 
relation  to  printing  and  embossing  presses. 

Thus,  referring  to  a  carriage  action,  driven  back  and  forth  by 
a  closed  cam : 

"There  is  one  feature  here,  however,  which  may  be  adverted 
to,  corresponding  somewhat  to  the  transition  curve  theory  of 
railroads,  namely,  that  all  cams  should  have  their  starting-point 
materiallv  further  back  and  their  enterinof  curve  of  materiallv 
greater  radius  than  might  appear  called  for  theoretically.  The 
reason  for  this  is,  that  the  point  marked  for  the  theoretical 
divergence  from  the  concentric  arc  or  the  tangent  is  seldom, 
if  ever,  the  actual  position  at  which  divergence  takes  place  ;  for 
the  reason  that  in  actual  mechanism  the  lost  motion  and  spring 
of  parts  are  often  sufficient  to  neutralize  the  easement.  The  con- 
sequence is  that  although  the  mathematics  of  the  paper  plan  may 
be  faultless  the  actual  performance  may  be  far  from  satisfactory." 

Judging  from  the  drawings  presented,  it  is  intended  to  have  a 
full-face  contact  between  the  roll  and  the  periphery  of  the  cam, 
and  that  the  roller  is  closely  confined  endwise.  If  the  fitting  and 
adjustment  of  parts  are  faultless,  and  shall  remain  so,  this  will 
be  all  right ;  but  practically  this  will  not  be  the  case.  Mr.  Porter 
says  :  "  The  profile  or  working  face  of  the  cam  is  the  important 
thing."  Yes ;  to  start  in  with ;  but  after  that  "  the  impor- 
tant thing  "  is  to  insure  the  revolution  of  the  roll ;  which  at  one 
hundred  and  eio^htv  cam  revolutions  means  about  six  hundred  and 
thirty  revolutions  of  the  roller  per. minute.  I  need  hardly  call 
Mr.  Porters  attention  to  the  fact  that  in  a  cam  of  as  pronounced 
deformation  of  contour  as  his,  there  is  a  tendency,  in  portions  of 
the  epicycle,  to  produce  a  greater  pressure  between  the  roller  and 
its  journal  or  stud  than  that  which  would  be  caused  by  direct  or 
radial  pressure.  In  principle,  it  is  the  action  of  a  wedge.  And 
to  this,  as  the  result  of  my  experience,  I  submit  this  additional 
quotation  : 

"  It  has  proven  advantageous  in  our  practice  to  form  all  cam- 
rollers  slightly  crowning.  In  this  wise  the  pressure  is  bound  to 
be  transmitted  evenly  to  the  stud  or  journal,  and  it  will  be  more 
certain  to  revolve  under  all  circumstances. 

"  It  is  believed  that,  wherever  practicable,  all   friction  rollers 
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and  crank-pin  bearings  and  the  like  ought  to  be  freely  fitted  side- 
;vise that  is,  having  plenty  of  end-motion ;  as  under  such  condi- 
tions there  is  less  liability  to  bind  between  shoulders  or  to  cut  or 
•ring  up'  than  where  no  opportunity  is  given  for  the  bearing 
surfaces  to  automatically  shift.  It  is  probable  that  a  principal 
reiison  why  end  motion  shows  up,  practically,  as  well  as  it  does,  is 
that  it  assists  to  distribute  the  oil  between  the  working  surfaces." 

Referring  to  Fig.  34  of  the  paper,  may  I  ask,  is  the  steam 
pressure  in  the  small  cylinder  to  be  sufficient  to  fully  overcome 
the  momentum  of  the  vibrating  parts?  If  so,  then  this  must  call 
for  a  fair  excess  of  pressure  to  insure  certainty  of  action,  and  as 
a  consequence  does  not  the  friction-roller  act  to  drive  the  cam 
through  about  half  of  its  revolution  ?  I  so  understand  the  opera- 
tion. This  being  the  fact,  it  Avill  call  for  good  fitting  in  the  bevel 
geai-s,  Avhich  thus  alternately  drive  and  follow. 

But  it  is  a  beautifully  worked-up  device,  deserving  of  the  highest 
pmise,  and  I  simply  raise  these  points  because,  with  the  cranki- 
ness of  a  printing-press  cam-maker,  but  that  lack  of  steam-sense, 
as  Professor  Denton  would  say,  I  \vould  have  designed  the  cam  to 
drive  positively  in  both  directions.     And  why  not  ? 

J//*.  C.  T.  Porter!^ — I  cannot  refrain  from  giving  utterance  to 
the  extreme  gratification  which  I  have  felt  at  hearing  the  expres- 
sions of  hearty  approval  with  which  this,  I  must  admit,  somewhat 
l>old.  departure  in  steam  engineering  has  been  received.  A  few 
remarks  only  seem  to  call  for  reply. 

Respecting  the  cam-roller  and  pin,  I  would  emphasize  the  pro- 
vision for  their  durability  made  in  extended  and  hardened  surfaces, 
and  excellent  lubrication,  and  also  the  readiness  and  cheapness 
with  which  they  may  be  renewed  in  case  of  serious  wear. 

In  ?'esponse  to  the  pertinent  questions  of  Mr.  Thomson,  which 
show  complete  familiarity  with  the  subject,  I  would  say,  there 
are  two  reasons  why  it  is  not  attempted  in  this  engine  to  drive 
the  cam  positively  in  both  directions.  The  first  is,  that  it  cannot 
be  done,  because  the  opposite  throws  of  the  cam  are  timed  quite 
differently  to  compensate  for  the  angular  vibration  of  the  con- 
necting-rod, a  feature  which  is  by  no  means  to  be  sacrificed.  So 
the  cam  will  not  work  in  the  ordinary  yoke,  as  illustrated  by  Mr. 
Forney.  Tliis  reason  would  seem  to  be  sufficient,  but  there  is 
another  which  quite  reconciles  me  to  this  impossibility.  The 
elastic  pressure  insures  silent  running,  whatever  wear  may  take 

*  Author's  closure,  under  the  Rules. 
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place ;  while  positive  motion  in  both  directions  involves  a  knock 
on  each  reversal,  as  soon  as  the  least  lost  motion  comes  to  exist. 

The  thrust  of  the  cam  against  the  roller  is  generally  at  a  vary, 
ing  angle  with  the  line  of  its  motion ;  but  at  the  points  where  this 
angle  is  greatest  the  acceleration  or  retardation  is  much  less  than 
the  extreme  amount ;  so  the  pressure  between  the  roller  and  pin 
will  not  be  greater  on  this  account. 

The  roller  does  act  to  drive  the  cam  durino^  half  the  revolu- 
tion ;  the  transition  is,  however,  extremely  gradual,  so  that  with 
properly  fitted  gears  the  backlash  will  not  be  heard.  The  press- 
ure is  intended  to  be  sufficient  to  maintain  contact  at  a  speed  con- 
siderably above  the  normal  speed  of  the  engine.  The  suggestion 
that  the  cam-rollers  be  made  slightly  crowning  seems  to  me  worthy 
of  attention. 

The  point  raised  by  Mr.  Oberlin  Smith,  that  the  roller,  if  it  re- 
volved on  the  pin,  would  be  worn  so  as  only  to  bear  on  a  line 
along  the  pin,  does  not  seem  to  be  well  taken.  It  assumes  that 
the  pin  does  not  wear. 

With  respect  to  waste  room,  I  hav^e  always  held  that  the  space 
additional  to  that  swept  through  by  the  piston,  which  has  at  every 
stroke  to  be  filled  with  steam  that  does  very  little  good,  is  "  an 
unmitigated  evil."  This  is  questioned  by  Professor  Richards.  I 
will  endeavor  to  present  the  loss  from  waste  room  clearly. 

Take,  for  example,  a  cylinder  of  20  inches  stroke,  working 
steam  of  90  pounds  total  pressure,  cutting  off  at  .2,  or  4  inches, 
of  the  stroke,  and  having  6  per  cent,  of  waste  room ;  which  pre- 
sents a  case  quite  within  the  limits  of  ordinary  practice.  The 
waste  room  adds  1.2  inches  to  the  length  of  the  cylinder,  and  so 
adds  .3  to  its  capacity  up  to  the  point  of  cut-off,  and  to  the  weight 
of  steam  required  to  fill  it.  What  good  does  this  additional  30 
per  cent,  of  steam  do?  It  adds  .035  to  the  mean  pressure,  by 
raising  the  expansion  curve  to  a  higher  terminal  pressure,  and  that 
is  all.  Except  for  adding  1.65  pounds  to  -16  ])ounds  mean  press- 
ure, it  is  thrown. away.  In  the  case  cited  by  Professor  Richards, 
the  12  per  cent,  of  waste  room  is  twice  as  wasteful  as  this.  At  .2 
cut-off,  it  adds  .6  to  the  weight  of  steam  used,  and  .07  to  the  power 
exerted.  At  earlier  cut-off,  the  percentage  of  loss  becomes  greater, 
being,  at  .1  cut-off,  60  per  cent,  in  the  case  I  have  supposed,  and 
120  per  cent,  in  the  case  cited  by  Professor  Ricliards. 

All  this  is  obvious  and  familiar.  Merely  citing  a  case  appar- 
ently at  variance  with  this  plain  measurement  seems  to  me  as  if 
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stmieboily,  seeing  an  object  rising  in  the  air,  should  be  unsettled 
about  the  hiw  of  gravitation.  In  the  case  cited  by  Professor 
Richartls,  the  12  per  cent,  waste  room  was  only  in  the  high- 
pressure  cvhnder  of  a  triple-expansion  engine,  and  was  probably 
lilled  bv  the  compression.  In  some  way,  of  course,  examination 
must  show  tliat  case  to  be  reconcilable  with  the  truth.  I  confess 
that  I  cannot  discuss  this  subject  without  some  feeling,  for  my 
engineering  life  has  thus  far  been  seriously  clouded  by  large  waste 
room.  It  was  the  one  defect  of  the  Porter-Allen  engine.  In  the 
enorine  now  presented  to  the  Society  and  the  public,  I  am  con- 
vinced that  no  feature  will  be  found  of  greater  value  than  its  small 
percentage  of  waste  room. 
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DCXIX.* 

TRIAL  OF  THE  LEAVITT  PUMPING  ENGINE,  AT 
LOUISVILLE,  KY.,  CAPACITY  16,000,000  GALLONS 
IN  24   HOURS. 

BT   F.    W.  DEAN,  BOSTON,   MASS. 

(Member  of  the  Society.) 

In  April  of  the  present  year  the  writer,  as  expert  for  the 
Louisville  Water  Co.,  Louisville,  Ky.,  and  Mr.  Dexter  Brackett, 
as  expert  for  the  builders  (the  I.  P.  Morris  Co.,  of  Philadelphia) 
of  the  new  pumping  engine  at  Louisville,  Ky.,  conducted  a  con- 
tract trial  of  six  days'  duration.  The  engine  ran  144  hours  and 
10  minutes  without  a  stop,  which  is  the  longest  test  run  on  rec- 
ord, and  established  itself  as  the  most  economical  compound  en- 
gine that  has  ever  been  tested,  so  far  as  the  writer  knows.  The 
result  is  phenomenal  and  is  of  great  interest  at  the  present  time 
on  account  of  tests  of  some  recent  high-expansion  engines  with 
cylinder  ratios  of  7  to  1,  an  account  of  one  of  which  the  writer 
gives  in  another  paper.  It  also  has  great  interest  in  showing 
how  closely  reached  by  this  engine  are  the  records  of  many 
triple-expansion  engines.  The  writer  believes,  however,  that  a 
triple-expansion  engine  designed  on  the  same  lines  will  lower 
the  steam  consumption  by  a  paying  percentage. 

The  engine  referred  to  is  Pumping  Engine  No.  3  of  the 
Louisville  Water  Co.  It  is  of  the  well-known  Leavitt  type, 
having  two  vertical  inverted  cylinders,  the  piston  rod  of  the 
high-pressure  cylinders  being  connected  by  links  to  one  end  of 
a  beam,  and  the  low-pressure  similarly  to  the  other  end  of  the 
beam.  The  main  shaft  is  at  one  end  of  the  engine,  and  the  con- 
necting rod  passes  from  a  pin  in  the  upper  part  of  the  beam  to 
the  crank-pin.  The  steam  pistons  have  opposite  motions  in 
consequence  of  this  arrangement,  and  the  exhausts   from  the 

*  Presented  at  tlie  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Vol.  XVI.  of  the  Trans- 
actions. 
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is  of  the  high-pressure  cylinder  pass  to  the  corresponding 
ends  of  the  low-pressure  cylinder.  There  are  two  reheating 
receivers  between  the  cylinders,  composed  of  small  brass  tubes, 
inside  of  which  is  live  steam  of  boiler  pressure,  the  exhaust 
steam  passing  in  contact  with  the  outsides  of  the  tubes.  Both 
cylinders  are  steam-jacketed  on  heads  and  sides  with  steam  of 
boiler-pressure. 

Each  steam-cylinder  is  provided  with  four  gridiron  valves 
operated  by  Leavitt  cams.  The  point  of  cut-off  in  the  high- 
pressure  cylinder  is  automatically  determined  by  a  ball  gov- 
ernor, but  that  of  the  low-pressure  cylinder  is  fixed.  The  engine 
is  of  the  most  massive  character,  the  weight  being  far  greater 
than  that  of  any  other  pumping  engine  of  the  same  capacity. 
The  pumps  are  located  directly  under  the  engine,  and  the 
plungers  are  connected  to  the  beam  at  such  points  that,  while 
the  stroke  of  each  steam  piston  is  10  feet,  that  of  each  pump 
plunger  is  7  feet.  The  plungers  work  vertically  and  ^re  of  the 
differential  type,  being  single  acting  on  the  suction,  and  double 
acting  on  the  discharge.  The  engine  is  provided  with  a  surface 
condenser  and  vertical  double  acting  air  pump. 

On  account  of  the  rise  and  fall  of  the  Ohio  Elver  the  bed 
plate  of  the  engine  is  placed  above  the  highest  high  water  mark, 
while  the  bottoms  of  the  pumps  are  sufficiently  low  to  take  water 
at  the  lowest  stages  of  the  river.  The  distance  from  the  bottoms 
of  the  pumps  to  the  bottom  of  the  bed  plate  is  61  feet. 

The  trial  consisted  of  ascertaining  the  duty  by  weir  measure- 
ment at  the  reservoir  and  nearly  or  quite  all  other  data  of 
interest.  That  part  of  the  trial  relating  to  the  engine  only 
will  bo  here  described.  The  engine  is  worked  by  steam  of 
14^»  pounds  gauge  pressure  at  the  boilers,  and  this  is  conducted 
through  180  feet  of  steam-pipe,  well  covered,  to  the  engine. 
At  the  engine  the  total  per  cent,  of  condensation  in  this  pipe 
and  priming  of  the  boilers  amounted  to  2^^\  per  cent.,  and  all 
of  this  but  i^oV)  ^f  1  P^r  cent,  was  thrown  out  by  a  separator. 
Tho  steam  pressure  at  the  engine  near  the  high-pressure  cylin- 
der f*dl  to  187  pounds  by  gauge. 

At  the  beginning  of  the  trial  the  steam  pressure  in  the  two 
boilers  used  was  at  about  90  pounds,  and  just  before  starting  the 
engine  the  water-level  was  marked  in  both  boilers.  Immediately 
aftfir  stopping  the  engine,  0  days  10  minutes  later,  the  same 
pressure  and  water-levels  existed. 
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From  the  total  weight  of  steam  entering  the  steam-pipe  there 
have  been  deducted  the  steam  used  by  the  calorimeter  and  the 
water  removed  by  the  separator.  In  the  appropriate  places  the 
moisture  shown  by  the  calorimeter  was  deducted,  viz.,  wher- 
ever results  are  stated  in  terms  of  dry  steam. 


Fig.  50.— No.  123.     High-Pressure.  Bottom.     A  =  2.78. 


Fig.  51.— No.  123.     Low-Pressure,  Bottom.     A  =2.81. 


Fig.  52.— No.  123.     High -Pressure,  Top.     A  =  2.72. 
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ludirator  diagrams  were  taken  every  hour  throughout  the 
14:4  hours  on  separate  indicators  at  each  end  of  each  cylinder. 
These  diiigranis  were  taken  with  great  care,  and  after  the  trial 
the  scales  of  the  indicator  springs  were  determined  at  the 
Brooklyn  Na^^  Yard. 


Fig.  53.— No.  123.     Low-Pressure,  Top.     A  =  2.85. 


A 


u 


Fig.  54. — High-Pressure,  End. 


Fig.  55. — Low-Pre.saure,  End. 


Bfifore  the  trial  the  engine  had  been  run  the  greater  part  of  a 
year.  Tlic;  piping  and  cylinders  were  thoroughly  covered  with 
a  non-conductor  of  heat. 

The  foHowing  are  the  leading  dimensions  of  the  engine : 
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Type,  Leavitt  compound  vertical  inverted  beam  flj-wheel. 

Diameter  of  liigh-pressure  cylinder,  hot 27.21  in. 

"         ''     low-pressure       "  •'  54.13  in. 

"     fly-wbeel. 36  ft. 

"         "     high-pressure  piston  rod.  .    5^  in. 

"         "     low-pressure         "       "   6  in. 

Stroke  of  each  piston 10  ft. 

Mean  clearance  of  high-pressure  cylinder 1.585^ 

"  "         "     low-pressure  "   1,530^ 

Diameters  of  each  difEerential  plunger 34  in  ,  and  24i^g^  in. 

Stroke       "       "  "  **  7  ft. 

Mean  ratio  of  steam  piston  areas 4,015  to  1. 

Volume  displaced  by  plungers  during  one  revolution  of  engine.     660.30  gallons. 
Diameter  of  each  discharge  pipe 24  in. 

Results  of  Engine  Trial. 

Duration 144  hrs.  10  min. 

Total  number  of  revolutions 160,666.5 

Average  number  of  revolutions  per  minute 18.574 

"        piston  speed  per  minute 371.48  ft. 

"        plunger  speed  per  minute 260.04  ft. 

Average  Temperatures. 

Of  Engine  room 60°  to  86° 

Of  external  air 48°  to  86° 

Of  main  feed  at  weighing  tank 81.2° 

"      "         "    on  entering  boiler 108° 

Of  jacket  and  reheater  drain  at  boiler 328.3° 

Of  mixture  of  feed- waters 143.3° 

Of  water  in  pump  well 58.7° 

Average  Pressures. 

Of  atmosphere  by  barometer  14. 60  lbs. 

Of  steam  at  boilers  by  gauge 140.00  lbs. 

"       "       "       absolute 154.60  lbs. 

'' engine  by  gauge 137.00  lbs. 

"       "       "       "       absolute   151.60  lbs. 

Of  initial  steam,  high- pressure  cylinder,  absolute 145.75  lbs. 

Of  terminal  pressure,  low-pressure  cylinder,  absolute 7.32  lbs. 

Of  back  pressure,  low-pressure  cylinder,  absolute 0.95  lbs. 

Vacuum  by  gauge 27.75  in. 

Water  pressure  by  mercury  column 62.50  lbs. 

Height  of  mercury  zero  above  water  in  pump  well 49.04  ft. 

Total  water  pressure 83.74  lbs. 

Equivalent  head 193.35  ft. 

Steam   Used  by  Engine. 

Moist  steam  entering  steam-pipe 1,157,923  lbs. 

Water  drained  from  separator 23,428  lbs. 


174  TRIAL   OF   THE    LEAVITT   PUMPING   ENGINK 

Steam  used  by  calorimeter '27  lbs. 

Total  moist  steam  used  by  engine 1,133,768  lbs. 

Percentage  of  moisture  in  steam  after  leaving  separator. .  0.55,'? 

Total  dry  steam  used  by  engine 1,127,533  lbs. 

♦*     moist     "        j)assing  through  inner  steam  cylinders.  943,973  lbs. 
"        ««            <'              "          steam-jackets  and  re- 

lieaters -  189,795  lbs. 

Percentage  of  moist  steam  used  by  jackets  and  reheaters.  16.74^ 

Moist  steam  used  per  hour,  per  I.H.P 12.223  lbs. 

Pry        .«          *«       '«       i'        "       ''      12.156  lbs, 

"          '«       "       "       "       "        by  inner  cylinders.  10.120  lbs. 

Moist     "          *'       "       "        "    pump,  horse-power 13.125  lbs. 

Dry        »*          «'       "       "        '•        "           "           "        13.050  lbs. 

Prevailing  poiut  of  cut-off  high-pressure  cylinder 20.20^ 

«'      "    "     "low-pressure          '*      43.10^ 

Drop  between  cylinders 0.00  lbs. 

Compression  in  high-pressure  cylinder full. 

"            "  low-pressure          **        f  full. 

Ratio  of  expansion  by  volume ^        20.40 

Steam  accounted  for  by  indicator  at  high-pressure  cut-off 

in  per  cent,  of  10,120  pounds 7.75    lbs.  =  76.58^ 

Steam  accounted  for  by  indicator  at  high-pressure  release.      9.166  lbs.  =  90.57^ 
««  ♦•  "    <'         "  "   low-pressure  cut-off.    10.008  lbs.  =  99.60^ 

•«  ♦•  *'    '<         "  <'     '*  "        release.      9.725  lbs.  =  96.09^ 

Note. — The  last  four  items  are  to  be  regarded  as  closely  approximate  only. 

Average  Powers,  Etc. 

Average  mean  effective  pressure  in  high-pressure  cylinder  43.53  lbs. 

"low-pressure          "  14.155  lbs. 

Horse-power  developed  by  high-pressure  cylinder 270.00  H.P. 

"            "low-pressure          "      364.40    " 

"          "             ♦•            "  both  cylinders 643.40    " 

Percentage  of  power  in  high-pressure  cylinder 43.36;^ 

"            "        "       "low-pressure          "       56.64^ 

Horse  power  of  plungers  599.10  H.P. 

Friction  horse-power. 643.40-599.10  =  44.30     " 

EfBcieocy  of  mechanism 93.12^ 

Friction  of  mechanism 6.88^ 

British  '1  hernial  Units,  Etc. 

MeftD  absolute  steam  pressure  at  engine 151.60  lbs. 

"     temperature  of  rejection   of  engine  (air  pump  dis- 
charge)   84.2° 

Mean  lemperaiure  of  rejection  of  jackets  and  reheaters  at 

engine 335.3° 

Heat  of  liquid  of  air-pump  diH-^'harge 52.27  B.T.U. 

**     "       "       "      jacket  and  rcheater  drain 306.00 

"     "   vaporization  of  Hteam  supply 860  60       " 

••     "    liquid  of  steam  supply   330.90      " 
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Dry  steam  in  mixture  used  by  engine 0.9945 

B.  T.  U.  per  lb.  of  moist  steam   passing  through   inner 

cylinders,  0.9915  X  860.6  +  330.90- 53.27  = 1134.50  B.T.U. 

B.  T.  U.  per  lb.  of  moist  steam  passing  through  jack- 
ets   and   reheaters,  0.9945  x  860.6  +  330.9  -  306.0  =  880. 8 

B.  T.  U.  passing  through  cylinders  in  144  hrs.  10  min 1,070,937,531 

B.  T.  U.  passing  through  jackets  and  reheaters  in  144  hrs., 

lOmin  167,171,428 

B.  T.  U.  passing  through  engine  in  144  hrs.,  10  min 1,238,108,959 

B.  T.  U.  used  per  I.H.P.  per  minute  (moist  steam) 222.46  " 

Mechanical  equivalent  of  heat  (Rowland) 778  ft,  ?bs. 

Thermodynamic  efficiency  of  engine ^31XjO _ 

^       222.46  X  778  ""  -i».v^<> 


Duties  based  upon  Plunger  Work. 

Plunger  work  performed  in  144  hrs.,  10  mm  171,015,314,960  ft.  lbs. 

Duty  per  1,000,000  B.  T.  U.  used  by  engine  alone 138,126,000  " 

"       "     1,000  lbs,  moist  steam  used  by  engine  alone 150,838,000  " 

"       "    1,000  Iba,  dry  steam  used  by  engine  alone 151,672,000  " 

100    '■      "     Pittsburgh  coal 125.444,000  " 

100    "      "     Pocahontas"     139,031,000  " 

100    "      "     Pittsburgh  combustible 129,295,000  " 

*'       "        100    "      "     Pocahontas  "  145,762,000  " 

Sample  indicator  diagrams  from  steam  and  water  cylinders  are 
given  (Figs.  50-55),  and  also  a  combined  diagram  (Fig.  56). 

This  engine  is,  both  in  design  and  results,  in  striking  contrast 
with  the  Rock  wood  System  engine  described  in  the  writer's 
other  paper,  as  shown  in  the  following  table  : 


Engine. 

Leavitt. 

RCCKWOOD. 

Steam  pressure  absolute  

151.60  Jbs. 
27.75  in. 
20.40 
18.57 
10  ft. 
371.5  ft. 
4tol 
None 
12.156  lbs. 
0.684  lbs.  =  5.3^ 

175  50  lbs 

Vacuum 

25  3  in 

Ratio  of  expansion 

33  00 

Number  of  revolutions  per  minute 

Length  of  stroke   

76.4 
4  ft 

Piston  speed  per  minute  

611  2  ft 

Cylinder  ratio    

7  to  1 

Drop  between  cylinders 

Dry  steam  per  I.H.P.  per  hour 

Difference  in  faror  of  Leavitt. 

About  14  lbs. 
12.84  lbs. 

This  comparison  shows  very  clearly  that  the  ratio  of  7  to  1 
does  not  necessarily  produce  as  economical  results  as  a  ratio 
far  removed  from  it,  even  with  the  additional  advantages  of  24 
pounds  more  steam  pressure,  1.0  times  as  many  expansions,  four 
times  as  many  reciprocations  per  minute,  and  twice  as  great  pis- 
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ton  speed.  It  tends  to  show  tliat  no  advantage  arises  from  a 
drop  in  pressure  between  the  cylinders,  if  evidence  were  needed 
of  this. 

It  is  the  writer's  opinion  that  in  order  to  use  steam  in  the 
most  economical  manner  in  a  multiple  expansion  engine,  the 
expansion  must  be  continuous  throughout  the  series  of  cylinders 
(that  is  to  say,  there  should  be  no  drop  between  the  cylinders), 
and  that  compression  should  be  carried  up  to  the  initial  press- 
ure in  each  cylinder.  These  features  have  been  employed  to 
the  fullest  extent  in  the  Leavitt  engine  which  forms  the  subject 
of  this  paper,  and  the  result  has  surpassed  all  records  for 
economy  of  engines  of  its  class. 


ADDED  TO  THE  PAPER  AFTER  THE  MEETING. 

A  test  of  SO  much  importance  as  that  of  the  Louisville  engine, 
wherein  a  new  record  has  been  established  for  steam  consump- 
tion, may,  with  great  propriety,  be  accompanied  by  some  data  of 
the  log  of  the  trial. 

The  follow^ing  are  the  amounts  of  feed-water  weighed  each  day 
of  twenty-four  hours : 

1st  day,  24  hours 159,752  pounds  of  water. 


2d 

3d 

4th 

5th 

6lh 


"      " ...161,799 

"      "     159,972 

"      "     161,848 

"      "     160,438 

24  hours  10  minutes 164,439 


JACKET   AND   RE-HEATER   RETURN   METER   READINGS. 


Time. 


2.55  P.M.,  April  25,  1894. 

Q  <  (  i(  <<  << 


3.1 
3.10 


May 


26, 
27, 
28, 
29, 
30, 
1. 


Reading. 

DifEerence. 

9684.5 

9690.8 

6  3 

10290.0 

599.2 

10884.0 

694.0 

11493.0 

609.0 

12097.0 

604.0 

12708.0 

611.0 

13319.3 

611.3 

13322.5 

3.2 

Weight  each 
cubic  unit. 


52.17  lbs. 


Total  weight. 


329  lbs. 

31.260  " 

80,989  " 

31,771  " 

31,510  " 

31,876  " 

£1,891  " 

167  " 


The  above  unit  weight  of  52.17  pounds  was  determined  i)y 
weighing  the  condensation  in  a  cask  of  cold  water  during  two 
hours.     Thinking  that  this  calibration  might  be  too  short  to  use 

12 
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for  a  test  of  six  clays'  duration,  a  calibration  of  twenty-four  hours' 
ilunition  was  made  by  Mr.  Ilermany,  chief  engineer  and  super- 
intendent of  the  Louisville  Water  Works,  at  my  request.  The 
enirine  was  run  at  ])recisely  the  same  speed  and  against  the  same 
head  as  existed  dui'ing  the  official  trial.  Indicator  diagrams  were 
taken  every  hour,  worked  up  by  me,  and  gave  the  same  horse- 
power as  on  the  official  trial.  During  these  twenty-four  hours 
the  condensation  was  continuously  weighed,  and  found  to  be 
31.732^  pounds,  which  is  almost  identical  with  the  meter  results. 
During  this  same  trial  the  feed-pump  was  run  by  a  donkey  boiler, 
and  its  exhaust  was  not  allowed  to  enter  the  boiler.  The  weighed 
feed  amounted  to  193,133  pounds,  which  is  almost  identical  with 
the  sum  of  the  weighed  feed  and  jacket  and  re-heater  returns,  as 
given  above,  for  any  single  day.  ^. 

On  October  10  the  condensations  in  the  jackets  and  re-heaters 
were  determined  by  weighing  separately,  but  simultaneously, 
during  eight  hours,  with  the  following  results : 

Average  Condejisations  per  Minute,  October  10. 

Horee-power  Jacket.  Re-heaters.  Low-prepsure  Jacket. 

7 .  4938  pounds.  10 . 0417  pounds.  5 . 2333  pounds. 

On  October  20  the  same  determinations  were  repeated  for 
eight  hours,  with  the  following  results: 

Average  Condensations  per  Minute,  October  20. 
Horse-power  Jacket.  Re-heaters.  Low-pressure  Jacket. 

7.5083  pounds.  9.9437  pounds.  5.1417  pounds. 

The  engine  ran  on  each  of  these  trials  at  the  following  speeds : 

Average  number  of  revolutions  per  minute,  October  10 18.608;}, 

20 18.5979, 

while  on  the  official  trial  the  average  number  of  revolutions  per 
minute  was  IS. 574.  It  is  not  known  what  head  existed  on  either 
October  10  or  October  20,  and,  therefore,  what  power  was  being 
generated. 

[Note. — Thl.s  pap»r  received  discussion  jointly  with  that  by  the  same  author 
on  "  Trials  of  a  Hecent  Compound  Engine  with  a  (  ylinder  Katio  of  7  to  1,"  and 
the  remarks  innde  in  debate  are  published  in  connection  with  that  paper. 
Tranaacti(ms  A.  S.  M.  E.,  Vol.  XVI.,   p.  179,  No.  6-,^0.] 
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DCXX.* 

TRIALS    OF   A    RECENT    COMPOUND    ENGINE    WITH 
A    CYLINDER   RATIO    OF  7    TO   1. 

BY  F.    W.   DEAN,   BOSTON,    MASS. 

(Member  of  the  Society.) 

Considerable  interest  has  been  recently  shown  in  the  per- 
formances of  some  compound  engines  working  with  high- 
pressure  steam ;  and  members  will  recall  a  paper  presented 
at  the  San  Francisco  meeting  by  Messrs.  Green  and  Rockwood, 
giving  an  account  of  trials  of  an  engine  as  a  triple  expansion 
engine  and,  by  throwing  the  intermediate  cylinder  out  of  use, 
as  a  compound.t  The  results  of  the  trials,  which  were  evidently 
made  with  due  care,  tended  to  establish  equal  economy  of  the 
two  types. 

Laying  aside  for  the  present  consideration  of  the  possibility 
of  such  results  being  obtained  from  well-designed  and  properly 
worked  engines  of  the  two  types,  the  writer  desires  to  give  an 
account  of  a  test  which  he  conducted  of  an  engine  founded, 
in  its  design,  upon  the  engine  referred  to,  and  embodying  what 
is  known  as  the  Rockwood  system. 

This  engine  was  built  by  the  Wheelock  Engine  Company,  of 
Worcester,  Mass.,  for  B.  B.  &  R.  Knight,  of  Providence,  R.  I. 
and  located  at  their  mill  in  Natick,  R.  I.  The  engine  possessed 
the  cylinder  ratio  of  7  to  1,  which,  under  the  system  referred  to, 
is  held  to  possess  special  virtue. 


*  Presented  at  the  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Trans- 
actions. 

f  Transactions  American  Society  of  Mechanical  Engineers,  Vol.  XIII.,  p.  647 ; 
No.  499. 


180  TRIALS   OF   A   RECENT   COMPOUND   ENGINE. 

The  following  are  tlie  leading  dimensions  : 

Diameter  high  pressure  cylinder,  hot 18.44  in. 

low-pressure         "  "  48.50  in. 

"         liigh-pres-snre  pistou-rod 3.25  in . 

••        low-pressure  "         4.25  in. 

Stroke  of  both  pistons 48.00  in . 

Mean  raiio  of  piston  areas 7  to  1. 

high-pressure  clearance 2|^ 

♦'      low-pressure  "         2^^ 

The  engine  is  a  horizontal  cross  compound,  with  the  high- 
pressure  cylinder  jacketed  all  over,  and  the  low-pressure  cylinder 
on  the  heads  only.  There  was  a  re-heater  between  the  cylinders. 
In  the  writer's  judgment  the  jackets  were  badly  piped,  and  it  is 
doubtful  if  the  jacket  circulation  was  good.  The  re-heater  was 
quite  deficient  in  heating  surface.  The  condenser  was  of  the 
injector  type,  made  by  the  builder  of  the  engine.  The  vacuum 
was  defective,  although  very  cold  water  was  used. 

The  engine  was  four  hundred  feet  from  the  boiler,  which  was 
of  the  Babcock  &  Wilcox  make,  but  as  the  pipe  and  flanges  were 
well  covered  the  condensation  was  not  excessive. 

Examination  showed  the  pistons  and  valves  to  be  tight. 

The  feed  water  was  weighed  upon  correct  scales,  and  was 
pumped  by  a  geared  pump.  The  boiler  was  entirely  separate 
from  others  in  the  same  plant,  and  all  connected  pipes  which 
could  carry  unaccounted-for  water  or  steam  to  or  from  the  plant 
were  disconnected  or  blanked.  There  were  no  leaks  either  in 
the  economizer  or  boiler,  and  in  the  second  test  here  described 
the  economizer  was  not  in  use. 

In  the  engine-room,  indicator  diagrams  were  taken  by  two  in- 
dicators on  each  cylinder  every  twenty  minutes,  the  power  being 
very  uniform.  A  calorimeter  was  attached  to  the  main  steam- 
pipe  near  the  high-pressure  cylinder,  and  just  before  it  there  was 
located  a  steam  separator.  The  condensation  from  this  sepa- 
rator was  kept  at  a  constant  height  in  a  water  glass,  and  the 
water  drawn  off  was  weighed  by  running  it  into  a  tank  of  cold 
water.  The  re-heater  and  jacket  condensations  were  under  con- 
trol, and  were  kept  at  a  visible  and  constant  height  in  a  glass 
tube,  thus  insuring  no  waste  of  steam. 

Five  different  tests  were  made,  but  on  account  of  accidental 
and  unavoidable  wastes  of  steam  in  three  of  them,  only  two  will 
\)e  quoted  here.      During  the  two  referred  to  there  was  a  slight 
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leak  of  steam  from  an  expansion  joint,  and  on  the  last  test  one 
safety  valve  was  open  three-quarters  of  a  minute.  These  errors 
are  so  slight  that  they  can  be  ignored. 

The  indicator  springs  were  carefully  tested  by  the  writer 
under  steam,  and  afterward  taken  to  the  Navy  Yard  at  Brook- 
lyn and  tested,  the  two  results  being  substantially  alike. 

The  durations  of  the  tests  were  shorter  than  is  desirable,  but 
the  mill  hours  determined  this. 

The  following  is  a  brief  tabulation  of  the  results  : 

Date,  1894. 


Duration  of  trials 

Average  steam  pressure  near  engine 

"        vacuum 

"       ratio  of  expaut-ion  by  volumes 

"       number  of  levolutions  per  minute. . . . 

"       piston  speed,  feet  per  minute 

Per  cent,  of  moisture  in  steam  near  cylinder. . . 

Total  dry  steam  used 

Averaire  I.  H.  P 

Dry  steam  used  per  I.  H.  P.  per  hour 

Average  dry  steam  used  per  I.  H,  P.  per  hour. 


Jan.  26,  p.m. 

Jan.  27,  a.m. 

Uh. 

5  h. 

159  lbs. 

158  lbs. 

25.4  in. 

25.2  in. 

3B  0 

33.4 

76.357 

76.603 

610.86 

612.82 

1.90^ 

1.75^ 

34.089  lbs. 

37.677  lbs. 

594.79 

582.21 

12. 74  lbs. 

12.94  lbs. 

12.84  lbs. 

It  will  be  seen  that  these  results  show  a  very  economical  use 
of  steam,  and  far  less  than  has  heretofore  been  thought  possible 
with  compound  engines.  If  the  vacuum  had  been  28  inches,  the 
steam  consumption  might  have  been  as  low  as  12.36  pounds  on 


3.1 


Fig.  57. — High  Pressure,  Head  End. 


January  26,  P  m.,  and  12.60  pounds  on  January  27,  A.M.,  if  this 
had  not  given  rise  to  any  unfavorable  set  of  thermodynamic  con- 
ditions.    The  average  of  these  two  is  12.48  pounds. 

Sample  indicator  diagrams  are  given  (Figs.  57-60),  and  in  the 


182 


TRIALS  OF   A   RECENT   COMPOUND   ENGINE. 


writer's  opinion  tliey  have  a  grave  defect  in  showing  a  con- 
siderable drop  in  pressure  between  the  cylinders.  The  writer 
is  aware  that  this  is  desired  by  the  designers,  but  the  loss  in 


5.4: 


Fig.  58. — Low   Pressure,  Head  End. 


effect  of  the  steam  to  which  this  gives  rise  cannot  be  recovered 
by  any  subsequent  event.  Moreover,  this  drop  exaggerates  the 
difference  in  the  ranges  of  temperatures  of  the  two  cylinders, 
and  increases  the  loss  still  further  by  increasing  the  cylinder 
condensation,  according  to  the  well-known  and  fundamental  the- 


152.63 


90.35 


Fig.  59. — High  Pressure,  Crank  End. 


2.62 
o 


Fig.  60. —  Low  Pressure,  Crank  End. 
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cry  of  the  desirability  of  equal  ranges  of  temperatures.  The 
ranges  on  January  27  were  about  144  degrees  in  the  high-press- 
ure and  82  degrees  in  the  low-pressure  cylinders. 

Although  the  performance  of  the  engine  is  remarkably  good, 
the  writer  believes  that  it  was  realized  in  spite  of  great  defects, 
and  that  it  would  have  been  much  better  if  these  alleged  defects 
had  not  existed.  The  economy-,  in  the  writer's  judgment,  is  due 
to  high  steam  pressure  with  the  resultant  high  degree  of  expan- 
sion, small  clearances,  and  tight  pistons  and  valves. 

DISCUSSION.* 

Prof.  R.  II.  Thurston. — The  results  of  short  engine  trials  have 
always  been  looked  upon  with  much  distrust  by  engineers,  when 
apparently  exhibiting  exceptional  economy ;  and  the  traditional 
myth  of  the  performance  of  the  "  record-breaking"  Cornish  engine 
of  the  last  generation,  and  of  that  of  the  S.S.  Thetis^  in  which, 
for  the  time,  fabulous  duties  are  stated  as  the  results  of  short  duty- 
trials  by  famous  engineers,  are  a  standing  admonition  to  all  later 
experimenters.  This  reproach  certainly  cannot  be  urged  against 
this  trial,  and  the  profession  is  placed  under  a  real  obligation  to 
Mr.  Leavitt,  Mr.  Dean,  and  Mr.  Hermany  for  the  admirable 
example  which  they  have  here  given  of  deductions  based  upon 
unquestionably  representative  and  extended  periods  of  operation 
under  unusuallv  reijular  workincr  conditions.  The  machine 
should,  it  is  fair  to  assume,  be  capable  of  sustaining  this  dut}^ 
indefinitely.  A  week's  work  should  be  as  satisfactorily  represen- 
tative of  the  capabilities  of  the  engine  as  the  work  of  a  year.  In 
this  case,  the  result  is  a  magnificent  one,  and  designer,  builders, 
and  oflBcers  in  char^-e  of  the  machine  have  reason  for  concrratu- 
lation.  I  think  this  "  breaks  the  record "  for  the  compound 
engine  to  date.  A  duty  of  140,000,000  for  100  pounds  of  coal, 
and  of  above  150,000,000  for  1,000  pounds  of  steam,  represents, 
probably,  not  only  the  best  to  date  for  this  class  of  engine,  but,  ■ 
very  closely,  the  practical  limit  with  saturated  steam  ;  and  12 
pounds  of  steam  per  I.H.P.  per  hour  seems  the  limit  for  pressures 
of  125  to  150  pounds. 

The  usual  conditions  of  econom}^  are  here  illustrated  fully : 
dry  steam,  sharp  cut-off,  full  expansion  to  six  or  eight  pounds 
absolute   pressure,   free  transfer  of   heat  in  jackets,   with   small 

*  This  discussion  covers  the  topics  in  two  of  Mr.  Dean's  papers  :  The  Trials  of 
the  Leavitt  Pumping  Engine  at  Louisville,  No.  619.  and  this  one  to  which  the 
debate  is  appended. 
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cylinder-condensation,  no  drop  between  cylinders,  and  high 
erticiencv  of  mechanism.  The  jacket-condensation  is  high,  the 
friction  of  mechanism  extraordinarily  low — for  such  a  heavy 
enirine  very  remarkably  so.  I  doubt  if  it  has  ever  been  equalled, 
except  bv  the  AVorthington  class  of  direct-acting  machines. 


COMPOUND  vs,   TRIPLE. 


Engine. 


Steam  pressure  absolute 

Vacuum 

Ratio  of  expansion 

Number  of  revolutions  per  minute. 

Length  of  >troke 

Pision  speed  per  minute 

Cylinder  ratio 

Drop  between  cylinders 

Dry  steam  per  LH.P.  per  hour. .  .  . 

Difference  iu  favor  of  Leavitt 

"      "  Triple 


Leavitt. 

151.60  lbs. 

27.75  ins. 

20.40 

18.57 

10  ft. 

371.5  ft. 

4  to  1 

None 

12.156  lbs. 

684  lbs.  =  5.d% 

478  lbs.  =  4% 

ROCKWOOD. 


175.50  lbs. 
25.3  ins. 
33.00 
76.4 
4  ft. 
611.2  ft. 
7  tol 
About  14  lbs. 
12.84  lbs. 


1.16  r=  95 


Triple. 


135.45  lbs. 
27.6  ins. 
19.55 
20.31 
5  ft. 
203  ft. 
1,3,7 


11.678  lbs. 


As  presenting  an  .interesting  comparison,  I  have  taken  the 
libertv  of  addin^:  to  Mr.  Dean's  table  the  fi"ures  for  the  Mil- 
waukee  engine,  in  order  to  bring  especially  the  relation  of  com- 
|>ound  to  triple,  as  a  comparison  of  the  best  work  in  each  class 
permits  now,  with  a  conclusiveness  never  before  allowed.  In  the 
collection  of  data  thus  assembled,  we  find  the  triple-expansion 
machine  with  lowest  steam  pressure,  lowest  piston  speed,  and 
lowest  ratio  of  total  expansion,  gives  four  per  cent,  higher 
economy  than  the  compound,  and  nine  per  cent,  better  than 
the  hermaphrodite  machine,  and  this  means,  no  doubt,  that  Mr. 
Dean's  statement  is  perfectly  correct;  that  the  triple  engine  would 
have  proved  in  tiie  hands  of  Mr.  Leavitt  as  remarkable  in  its  class 
as  is  this  compound  in  its  field.  The  observed  difference  would  be 
exaggerated,  were  the  triple  given  the  advantage  of  equally  high 
steam  and  higli  piston  speed,  and  it  would  seem  probable  that, 
under  the  conditions  here  indicated,  the  gain  by  the  addition  of 
the  third  cylinder  would  be  something  over  live  per  cent.  The 
loss  by  leaving  it  out,  and  substituting  a  receiver  with  free  expan- 
sion, would  seem,  under  similar  conditions,  to  be  likely  to  prove 
in  excess  of  ten  per  cent.,  a  high  ])rice  to  pay  for  the  saving  of 
even  a  steam-cylinder  witli  its  valve-^^earinir.  Mr.  Leavitt's  success 
is  one  in  which  tiie  wlif>l(3  profession  may  find  cause  for  pride. 

M/\    7^   //.   Ball. — This  paper  institutes  certain  comparisons 
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between  the  Leavitt  pumping  engine  at  the  Louisville  Water 
Works,  and  another  engine  which  is  described  as  the  "  Kockwood 
System,"  and  certain  deductions  are  made  by  the  author  as  a  result 
of  these  comparisons.  Unfortunately  for  some  of  us,  at  least,  who 
are  interested  in  this  subject,  we  have  not  been  informed  as  to 
exactly  what  the  "  Eockwood  System  "  is.  We  have  had  several 
very  interesting  reports  from  Mr.  Eockwood,  of  trials  of  compound 
engines,  where  cylinder  ratios  larger  than  usual  were  used,  and 
many  of  us,  who  believe  he  is  on  the  right  track,  have  hoped  that 
he  would  elaborate  his  theory  in  a  paper  for  presentation  to  this 
Societv.  If  the  ratios  commonlv  used  are  wrono:,  there  must  be 
some  theory  to  demonstrate  this  fact,  and  to  point  to  some  other 
ratio  as  being  better.  Mr.  Eockwood  has  told  us,  on  different 
occasions,  of  his  engines,  with  various  cvlinder  ratios,  ranging  as 
high  in  one  case,  I  believe,  as  9  to  1.  Does  his  SN^stem  then  consist  of 
simply  making  cylinder  ratios  greater  than  heretofore,  and  does  it 
cover  all  cases  from  the  conventional  ratio  to  infinity,  or  is  there  a 
choice  in  this  matter?  Mr.  Dean  seems  to  think  that  he  has  lo- 
cated Mr.  Eockwood  at  7  to  1.    Let  us  proceed  on  this  assumption. 

Eef erring  to  the  performance  of  the  two  engines  under  con- 
sideration, it  must  be  admitted  that  the  results  obtained  in  both 
cases  are  phenomenal.  Here  are  two  compound  engines  showing 
an  economy  that  has  seldom  been  equalled  by  the  best  triple- 
expansion  engines,  and  never  exceeded  by  them  but  by  a  very 
small  amount.  The  Leavitt  engine  stands  at  the  head,  with  its 
12.15  pounds  of  water  per  horse-power  per  hour,  and  the  Eock- 
wood engine  a  good  second  with  12.84  pounds.  In  comparing 
these  remarkable  engines,  Mr.  Dean  has  made  some  sweeping  con- 
clusions, which  perhaps  may  be  fairlv  questioned. 

On  the  last  page  of  his  paper  he  uses  the  following  language : 

"It  tends  to  sliow  that  no  advantasfe  arises  from  a  drop  in  pressure  between 
the  cylinders,  if  evidence  were  needed  of  this." 

Also,  in  the  closing  paragraph,  Mr.  Dean  says : 

"It  is  the  writer's  opinion  that  in  order  to  use  steam  in  the  most  economical 
manner  in  a  multiple-expansion  engine,  the  expansion  must  be  continuous 
throughout  the  series  of  cylinders  (that  is  to  say,  there  should  be  no  drop  between 
the  cylinders),  and  that  compression  should  be  carried  up  to  initial  pressure  in 
each  cylinder." 

I  must  take  issue  squarely  with  Mr.  Dean,  both  in  regard  to 
this  being  a  reasonable  conclusion  from  the  figures  of  his  test,  and 
also  in  regard  to  its  being  true. 
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TakintT  tli«'  iiuostion  of  compression  first,  where  is  there,  in 
the  reported  data  of  these  engine  trials,  one  iota  of  evidence  on  the 
subject  of  compression  (  Here  we  have  two  engines,  with  widely 
ditTerini'-  cylinder  ratios,  tested  under  conditions  which  are  dissimi- 
lar  in  ahnost  every  respect.  In  comparing  the  two  engines,  the 
least  conspicuous  (.HfTerence  is  in  regard  to  their  relative  rates  of 
comprossiou.  Therefore  1  don't  think  Mr.  Dean  is  Avarranted  in 
arriving  at  any  conclusions  whatever  regarding  compression,  from 
the  figures  of  these  trials.  If  his  compression  theory  rests  on 
any  other  evidence.  I  hope  he  will  give  it  to  this  Society  in  con- 
nection with  this  ])aper.  As  against  his  theory  we  have  the 
engine  trials  conducted  by  Professor  Jacobus,  reported  at  the 
^luntreal  meeting'  of  our  Societv,  in  which  trials  all  the  conditions 
remained  practically  constant  except  compression,  and  the  evi- 
dence obtained  is  conclusive  that  full  compression  did  not  in  this 
case  give  the  best  economy.  Does  Mr.  Dean  question  the  ac- 
curacy of  the  data  reported  by  Professor  Jacobus,  or,  if  not,  how 
does  he  make  his  theory  fit  these  facts? 

Coming  back  to  the  other  part  of  his  opinion,  he  tells  us  that 
'•there  should  be  no  drop  between  the  cylinders.''  Presumably 
this  opinion  is  confirmed  in  his  mind  by  a  study  of  the  data 
obtained  in  his  trial  of  the  two  engines  under  consideration.  Let 
us  see  how  logical  this  looks. 

JFh'st,  the  great  dissimilarity  of  conditions  governing  these 
tests  would  seem  to  make  it  very  difficult  to  estimate  the  effect 
of  anv  one  of  the  features  of  difference,  because  all  of  these  dif- 
ferences  were  present  continuously  during  the  tests,  and  each  pro- 
ducing its  own  modification  of  the  result. 

Second^  let  us  suppose,  however,  that  the  case  was  different, 
and  that  the  two  engines  were  exactly  alike  in  every  respect 
except  as  to  the  cylinder  ratios,  and  the  consequent  terminal  drop. 
\a>X  it  be  a.ssumed  also  that  the  conditions  of  the  test  were  identi- 
cidly  the  same  with  both  engines.  The  Leavitt  engine,  Mr.  Dean 
tolls  us,  represents  his  theory  to  the  fullest  extent.  This  engine 
has  a  cylind«'r  ratio  of  4,  and,  without  appreciable  drop  between 
the  cylinders,  maintains  a  practically  continuous  expansion  to 
iihowi  20  volumes. 

Tiie  Kr>ckwood  engine  has  a  cylinder  ratio  of  7,  and  a  con- 
siderable  terminal  drop  between  the  cylinders,  and  expansion  is 
carried  to  about  33  volumes.  Between  these  wide  extremes 
there  is  a  vast  unexplored  wilderness,  so  far  as  any  information 
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from  these  tests  is  concerned.  If  the  econom}^  of  these  engines 
was  represented  graphically  with  relation  to  the  economy  of 
similar  engines  with  greater  cylinder  ratios  than  Eockwood,  and 
less  than  Leavitt,  the  result  would  be  a  curve  on  which  Rock- 
wood  and  Leavitt  would  appear  near  that  part  of  the  curve  repre- 
senting the  best  economy,  and  beyond  Eockwood  at  one  end,  and 
Leavitt  at  the  other,  the  curve  would  turn  toward  a  greater  con- 
sumption of  steam.  Suppose  Mr.  Dean  has  established  two  points 
on  this  curve  with  the  data  from  these  engines.  How  can  he, 
without  a  third  point,  locate  the  curve,  and  say  that  Leavitt  is  at 
the  lowest  point  ?  He  may  with  propriety  say  that  this  engine 
shows  the  best  recorded  performance,  and  that  it  is  better  than 
the  performance  of  the  Eockwood  engine  which  he  tested,  but  it 
seems  to  me  that  he  has  no  warrant  from  these  fiofures  for  savino- 
that  "  there  should  be  no  drop  between  the  cylinders,"  nor  that 
*' compression  should  be  carried  up  to  initial  pressure  in  both 
cylinders,"  because  it  is  only  a  surmise  on  his  part  that  a  still 
better  result  than  either  would  not  have  been  obtained  with  some 
compromise  between  the  two. 

The  net  result  of  any  engine  trial  is  simply  the  combined  result 
of  a  great  variety  of  conditions,  and  hence  the  uncertainty  of 
attributing  a  good  result  or  a  bad  one  to  any  one  of  these 
numerous  conditions,  without  having  carefully  tested  for  that 
condition.  Anything  short  of  this  is  mere  guesswork,  which  we 
are  all  privileged  to  engage  in  as  a  diversion,  but  which  has  little 
value  from  a  scientific  standpoint.  Mr.  Dean  finds  a  slightly 
better  result  with  the  Leavitt  engine  than  the  Eockwood,  and 
guesses  that  it  is  due  to  full  compression  and  no  drop  between  the 
cylinders.  From  the  standpoint  of  his  theory  he  finds  an  unex- 
pectedW  good  result  from  the  Eockwood  engine,  and  guesses 
again,^  *'  that  it  was  realized  in  spite  of  great  defects."  Following 
Mr.  Dean's  example  I  am  inclined  to  guess  that  the  economy  of 
the  Leavitt  engine  is  realized  "  in  spite  of  great  defects,"  and 
these  defects  I  should  call  the  full  compression  and  lack  of  drop 
between  the  cylinders,  which  are  the  very  features  he  commends 
as  being  the  full  realization  of  his  theory.  In  this  matter  of 
guessing  we  are  both  now  on  record,  and  can  await  the  verdict 
of  future  experiments.  The  Jacobus  tests,  already  referred  to, 
seem  to  be  good  evidence  on  the  subject  of  compression,  and  if 
Mr.  Dean  has  anything  else  in  this  line,  he  will  no  doubt  offer  it 
in  closing  the  discussion  of  his  paper. 
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On  the  question  of  terminal  drop,  my  reasons  for  differing  with 
^[l^  Dean  will  be  found  on  the  following  pages,  which  I  shall  be 
triad  to  have  criticised  and  discussed  by  Mr.  Dean,  or  any  member 
of  the  Society. 

First,  assuming  that,  in  a  given  compound  engine,  the  most 
economical  range  of  temperature  and  pressure  for  each  cylinder 
is  known  ;  then  is  it  not  the  function  of  each  cylinder  to  effect 
the  most  economical  use  of  steam  between  the  extremes  of  pressure 
through  which  it  works? 

Stcoful,  considering  the  low-pressure  cylinder  alone,  and  assum- 
ing that  a  fixed  receiver  pressure  is  practically  maintained,  may 
not  the  economy  of  the  low-pressure  cylinder  be  studied  apart 
from  the  high-pressure  cylinder,  and  is  it  not  true  that  the 
economy  or  wastefulness  of  the  low-pressure  cylinder  cannot 
affect  in  any  manner  the  economy  of  the  high-pressure  cylinder 
under  the  assumed  conditions  as  to  constant  receiver  pressure  ? 

Third,  referring  to  the  high-pressure  cylinder,  and  still  assum- 
ing a  practically  constant  receiver  pressure  as  before,  is  it  not 
true  that  the  economy  or  wastefulness  of  this  cylinder  produces 
no  effect  on  the  economy  of  the  low-pressure  cylinder,  provided 
the  low-pressure  cylinder  is  made  to  account  only  for  the  steam 
delivered  to  it  from  the  receiver? 

Fourth,  assuming  that  the  foregoing  questions  have  been 
answered  in  the  affirmative,  let  it  further  be  assumed,  for  reasons 
which  will  appear  later,  that  the  boiler  pressure  is  such  that  a 
receiver  pressure  equal  to  the  atmospheric  pressure  has  been  found 
the  most  economical.  Under  the  foregoing  conditions,  then,  the 
high-pressure  cylinder  would  perform  exactly  the  functions  of 
the  single  cylinder  of  a  simple  engine  Avithout  the  condenser, 
because  it  would  receive  steam  at  boiler  pressure  and  reject  it  at 
atmospheric  pressure. 

Tliis  brings  the  subject  down  to  a  point  w^here  the  writer  is 
glad  to  agree  heartily  with  Mr.  Dean  in  his  statement  regarding 
the  high-pressure  cylinder,  when  he  says  that  any  loss  in  effect  of 
the  steam  in  this  cvlinder  "cannot  be  recovered  bv  any  subse- 
quent  event."  If  this  is  true,  then,  for  the  best  result  from  this 
engine,  it  is  necessar}-  that  the  high-pressure  cylinder  should  de- 
velop the  highest  possible  economy  when  receiving  steam  at  boiler 
pressure  and  discharging  it  at  atmospheric  pressure,  and,  as  has 
already  been  stated,  this  is  exactly  the  function  of  the  simple  non- 
condensing  cylinder;  therefore  the  data  obtained  in  trials  of  simple 
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engines  may  be  safely  applied  to  the  high-pressure  cylinder  of  a 
compound  engine  such  as  we  have  under  consideration.  This 
opens  for  us  a  vast  field  of  research  among  rehable  records  of 
simple  engine  trials,  and  if  Mr.  Dean  will  point  to  a  single  case 
where  the  best  economy  from  a  simple  engine  was  obtained  by 
expanding  to  atmospheric  pressure,  and  thus  eliminating  terminal 
drop,  it  will  greatly  fortify  his  theory.  Is  it  not  true,  that  in 
every  instance  where  simple  engines  have  been  tested  at  various 
points  of  cut-off,  the  highest  economy  has  always  been  found 
when  the  expansion  curve  terminated  at  a  point  higher  than  the 
atmospheric  pressure?  This  terminal  drop  results  in  a  loss  of 
work,  it  is  true,  and  this  loss  increases  rapidly  with  increase  of 
drop,  as  was  illustrated  in  a  paper  which  the  writer  presented  to 
this  Society  at  the  Montreal  meeting ;  but,  up  to  a  certain  point, 
this  loss  is  more  than  overcome  by  the  resulting  increase  of  mean 
effective  pressure  relatively  to  the  cylinder  condensation.  Ter- 
minal drop  or  free  expansion  develops  heat  by  internal  work  in 
the  steam,  and  thus  produces  a  superheating  effect  in  the  steam 
discharged  under  these  conditions.  In  the  case  of  a  simple 
engine,  this  superheating  is  lost  by  being  discharged  into  the 
atmosphere,  while,  with  the  compound  engine  which  we  are  con- 
sidering, the  low-pressure  cylinder  utilizes  this  superheat,  and 
therefore  a  greater  terminal  drop  is  permissible  than  when  the 
cylinder  discharges  into  the  atmosphere.  For  the  purpose  of 
utilizing  the  data  obtained  from  trials  of  simple  engines  in  this 
investigation,  a  receiver  pressure  equal  to  the  atmosphere  was 
chosen.  AYhatever  can  be  shown  to  be  true  with  the  boiler  press- 
ure and  receiver  pressure,  we  have  assumed  will  also  be  true  with 
regard  to  other  pressures,  to  some  degree,  at  least.  The  foregoing 
course  of  reasoning  is  conclusive  to  my  mind  that  Mr.  Dean's 
theory  is  wrong,  and  it  is  to  be  hoped  that  this  question  may  be 
definitely  settled  soon,  by  carefully  conducted  experiments,  having 
that  object  solely  in  view. 

Mr.  George  I.  Rockvoood. — The  two  papers  presented  by  Mr. 
Dean  naturally  interest  me  very  much,  and  I  trust  I  may  be 
pardoned  if  I  discuss  them  at  some  length ;  as,  though  terse  (and, 
I  may  add,  refreshingly  so),  yet  they  bear  with  force  upon  not 
onlv  the  relative  thermo-dvnamic  merits  of  the  two  eno^ines  whose 
economic  performance  they  describe,  but  also  upon  the  general 
theory  of  the  high-duty  steam-engine. 

Let  us  refer  to  the  contrast  said  to  exist  between  these  two 
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en(>"ines.  Take,  as  the  first  consideration,  the  steam  end  of  the 
Louisville  engine.  This  may  be  reasonably  regarded  as  embody- 
ino"  the  best  design,  and,  perhaps,  the  best  mechanical  execution 
which  we  can  hope  to  secure  in  an  engine  having  two  cylinders  of 
a  volume  ratio  of  1  to  4,  working  under  a  steam  pressure  of  140 
pounds,  and  under  pumping-engine  (that  is,  the  best)  conditions. 
These  conclusions  are  confirmed  by  the  news  in  Mr.  Dean's  paper 
of  its  actual  performance;  an  inspection  of  the  indicator  diagrams 
shows  that  the  thermo-d3^namic  conditions  of  its  operation  can 
hardly  be  improved. 

Consider,  second,  the  Natick  compound  engine,  which  embodies 
in  its  desiirn  the  extreme  cylinder  volume  ratio  of  1  to  7:  it  has 
small  clearances  and  large  ports  in  the  cylinders,  its  pistons  and 
valves  are  reasonably  tight,  though  manifestly  not  perfectly  so, 
as  I  will  presently  show\  It  has  a  relatively  large  intermediate 
receiver  (a  very  important  adjunct  to  the  engine),  which,  as  Mr. 
Dean  says,  contains  rather  too  few  brass  tubes  to  produce  the 
best  steam-jacket  effect,  although  baffle  plates  are  used  to  get  the 
utmost  possible  contact  of  steam  with  tubes.  In  one  important 
point  the  design  of  the  engine  is  not  on  "all  fours"  with  that  of 
the  Louisville  engine ;  namely,  it  has  no  barrel  jacket  on  the 
low-pressure  cylinder. 

2sow  I  do  not  agree  with  Mr.  Dean  that  the  conditions  of  opera- 
tion of  each  engine  are  such  as  to  make  the  comparison  of  duties 
actually  attained  a  perfectly  fair  one  from  which  to  judge  between 
the  relative  economic  advantages  of  the  two  different  systems  of 
designing,  wliich,  as  machines,  no  doubt  these  engines  illustrate 
very  well.  However,  a  pretty  fair  estimate  can  be  formed  if 
onlv  correct  inferences  are  drawn  from  the  data  Mr.  Dean  ogives 
us.  Allow  me  to  say  here  that  although  the  different  parts  of 
the  Natick  engine,  such  as  the  details  of  the  cylinders,  the  details 
of  the  valves  and  valve-gears,  and  the  running  parts,  and  the 
volume  of  the  receiver  of  this  engine,  were  decided  upon  by 
myself,  yet  I  never  saw  the  engine  but  twice  in  my  life;  once, 
after  it  was  erected  and  had  Vjeen  running  some  months,  and 
once  after  it  was  tested.  The  details  of  its  application  to  the 
place  where  it  now  is,  I  had  nothing  to  do  w  ith. 

I  think,  with  the  author,  that  the  jacket  circulation  of  this 
engine  is  perhaps  poor;  that  the  re-heater  does  its  work  under 
adverse  conditions;  that  the  vacuum  was  not  so  good,  by  an 
nmonnt  which  I  estimate  from  the  papers  at  1.5  pounds,  as  in 
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the  case  of  the  Louisville  engine  trial ;  that  the  large  steam-pipe 
from  the  Babcock  &  Wilcox  boilers— extending  out  of  doors  for 
hundreds  of  feet — leaked  more  or  less  at  the  flange  joints.  But 
all  the  conditions  enumerated  are  adverse  to  the  best  results  by 
this  engine  as  compared  with  the  pumping-engine.  On  the  other 
hand,  it  is  urged  that  this  engine  runs  at  nearly  twice  the  piston 
speed  of  the  Louisville  engine.  This  point  has  hitherto  been  con- 
sidered of  much  theoretical  advantage.  I  question  it,  however, 
especially  in  view  of  the  many  recent  tests  of  slow-speed  steam- 
jacketed  engines  in  which  the  economy  seemed  really  improved 
by  reason  of  that  slow^  speed.  The  larger  sizes  of  the  cylinders 
of  the  Louisville  engine  should  more  than  compensate  for  any 
fancied  advantage  to  the  Xatick  engine,  due  to  its  faster  recipro- 
cations. 

The  Xatick  engine  had  at  cut-off  in  the  high-pressure  cylinder 
20  pounds  more  steam  pressure  to  its  credit  than  the  Louisville 
engine,  and  perhaps  this  is  a  fair  point  to  raise  as  a  disadvantage 
put  upon  the  Louisville  engine,  though  I  believe  that  engine 
would  have  done  no  better  with  the  extra  20  pounds  than  it  did 
do,  owing  to  too  small  a  lo^v-pressure  cylinder. 

Now  for  an  estimate  of  the  real  advantages  of  either  system 
over  the  other,  as  revealed  by  Mr.  Dean's  tests. 

First,  he  makes  out  an  apparent  advantage  in  favor  of  the 
Louisville  engine  of  5.3  per  cent.  I  ask,  is  this  figure  to  be  taken 
as  representing  the  true  comparative  economies  of  the  two  types 
of  compound  engine?  I  believe  it  is  not,  and  for  the  following 
reasons,  partly  specific  and  partly  general. 

At  the  trial  of  each  engine  the  M.  E.  P.  referred  to  the  low- 
pressure  cylinder,  and  the  degree  of  vacuum  was :  Louisville 
engine,  24.9  pounds  M.  E.  P.,  and  13.4  pounds  vacuum;  Natick 
engine,  17.46  pounds  M.  E.  P.,  and  11.9  pounds  vacuum.  If  the 
load  on  the  Katick  engine  could  have  been  enouo^h  more  to  have 
made  use  of  a  vacuum  of  13.4  pounds  instead  of  only  11.92 
pounds,  and  this  decrease  in  back  pressure  of  1.5  pounds  could 
have  been  effected  and  so  added  to  the  M.  E.  P.  of  17.46  pounds, 
as  is  entirely  possible,  and  as  we  should  not  do  on  paper,  if  the 
proper  effect  of  the  better  vacuum  on  the  economy  of  the  Natick 
engine  is  to  be  understood,  then  (1.5  -^  17.46  =  S.6  per  cent.)  SS 
per  cent,  more  work  done  by  12.74  pounds  of  steam  would  imme- 
diately result.  The  quantity  12.74  pounds  is  now  108.6  per  cent, 
of  the  amount  necessaiy  to  do  one  horse-power  of  work,  so  100 
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per  cent,  would  be  12.7-1-  -^  lOS.G  x  100  =  11.75  pounds  steam  as 
the  true  comparative  economy  of  the  Natick  engine,  as  against 
12.ir»  pounds,  that  of  the  Louisville  engine,  a  difference  in  favor 
of  the  Xatick  engine  of  3.5  per  cent.  I  will  not  trj^  to  estimate 
the  harmful  eifect  on  the  Natick  engine  duty  of  poorly  piped 
jackets,  insuthcient  brass  tube  area  in  the  receiver  jacket,  or  the 
error  in  determination  of  its  actual  performance  due  to  leakage 
of  steam  from  the  main  steam  supply-pipe,  etc.,  although  it  is 
certainly  something,  and  perhaps  considerable.  But  I  should 
like  to  point  out  that  there  was  a  leak  by  the  steam  valve 
on  the  crank  end  of  the  high-pressure  cylinder,  shown  pretty 
clearly  by  the  diagram  in  Fig.  59,  of  the  paper  on  the  Natick 
enijine. 

The  point  of  cut-ofif  shown  on  this  card  is  (clearance  reckoned 
in)  at  .19  of  the  stroke.  The  point  of  cut-ofif  shown  by  the  other 
card  is  at  22.4  per  cent,  of  the  stroke.  One  would  expect  to  find 
a  lower  terminal  pressure  on  the  card  having  the  earlier  cut-ofif, 
instead  of  which  the  card  showing  the  fewest  expansions  gives 
the  lowest  terminal  pressure.  I  estimate  the  rise  in  pressure  due 
to  leakage  to  have  been  at  least  five  pounds.  There  appears  to 
have  been  a  loss  of  steam  on  the  other  stroke  also,  though  much 
less,  as  I  estimate  the  rise  in  pressure  due  to  leakage  to  be  as 
much  as  1.5  pounds.  Plainly  the  Natick  engine  sufifers  a  loss  of 
efficiency  by  reason  of  leaky  valves,  which  is  not  and  cannot  be 
correctly  estimated.  Thus  I  have  shown  that,  if  the  eflfect  of  all 
these  disadvantages  were  to  be  allowed  for,  the  difference  in 
steam  consumption  in  favor  of  the  Natick  engine  would  be 
materially  larger  than  3.5  per  cent.  I  believe  I  have  thereby 
shown  that  these  data  also  reveal  the  engines  of  the  style  of  the 
Xatick  compound  as  better  than  ordinary  compounds. 

Mr.  Dean  touches  upon  the  theory  of  the  successful  operation 
of  the  Xatick  engine  in  these  words:  "...  The  economy  of 
the  Xatick  engine  is  due  to  high  steam  pressure  with  the 
resultant  higli  degree  of  expansion,  small  clearances,  and  tight 
pistons  and  valves."  lie  might  have  added,  "and  to  the  rela- 
tively very  large  port  areas,"  as  there  is  probably  no  other  kind 
of  engine  e.xtant  having  so  little  clearance  space. 

Mr.  Dean  also  says,  "  Although  the  performance  of  the  engine 
IS  remarkably  good,  the  writer  believes  that  it  was  realized  in 
spite  of  great  dofocts,"  but  how  does  Mr.  Dean  harmonize  these 
apparently  conflicting  ideas  ?     If  this  engine  does  remarkably  well 
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in  spite  of  grave  defects,  then  let  us  study  somewhat  the  nature 
of  the  alleged  defects,  to  find  out  if  such  they  really  are. 

To  define  the  iS'atick  engine  as  simply  as  possible,  it  is  a  triple- 
expansion  engine  with  the  intermediate  cylinder  omitted,  and  with 
an  intermediate  receiver  substituted  therefor. 

The  notion  that  the  only  effect  of  an  enlarged  intermediate 
reservoir  between  the  first  and  third  cylinders  is  to  drain  water  out 
of  the  incoming  steam  and  to  heat  the  steam  (in  case  a  steam- 
jacket  is  used)  is  one  which  appears  to  have  taken  root  in  some 
minds,  and  I  would  like  now  to  uproot  it.  That  I  mav  explain 
clearly  what  I  mean,  allow  me  to  refer  you  to  the  combined 
diagram  of  the  Louisville  engine,  Fig.  56  of  Mr.  Dean's  paper. 
It  may  be  noted  there  that  no  drop  occurs  at  the  terminal  of  the 
high-pressure  card.  But  what  happens  on  the  return  stroke  ? 
The  pressure  falls  rapidly  to  a  point  about  in  the  centre  of  the 
back  pressure,  at  least  eleven  pounds  lower  than  the  terminal 
pressure  of  the  high-pressure  diagram.  Is  this  to  be  classed  as 
"  drop  "  or  not  ?  and  does  it  increase  the  total  range  in  tempera- 
ture in  the  high-pressure  cylinder ?  While  the  bugbear,  "drop," 
is  variously  defined,  still,  as  it  brings  with  it  all  the  disadvan- 
tages of  drop,  in  my  view,  it  is  "  drop  ;  "  it  does  tend  to  increase 
the  temperature  range  in  both  cylinders. 

Isow,  we  read  the  receiver  volume  was  about  seven-eighths  of 
the  high-pressure  C3dinder  volume.  What  w^ould  be  the  effect  on 
the  back-pressure  line  of  the  high-pressure  cjdinder  diagram  if, 
instead,  this  volume  w^ere,  say,  three  times  or  more  the  volume  of 
the  first  cylinder  ?  Would  not  the  effect  be  to  cause  nearly  all  the 
"  drops"  to  take  place  at  the  terminal  of  the  high-pressure  card? 
It  would  cause  a  nearlj^  straight  back-pressure  line  in  the  high- 
pressure  cylinder,  at  a  pressure  equal  to  the  lowest  pressure  now 
occurring  in  the  high-pressure  cylinder.  This  would  give  no  greater 
temperature  range  in  the  first  cylinder,  but.it  would,  on  the  other 
hand,  considerably  reduce  the  range  in  the  second  cylinder.  Not  a 
pound  of  pressure  would  be  sacrificed  at  cut-off  in  the  second  cylin- 
der, and  the  work  done  by  the  engine  would  be  slightl}^  increased, 
althouoh,  theoreticallv,  there  would  be  a  slio^ht  loss  of  area  at  the 
toe  of  the  high-pressure  card  of  the  combined  diagram. 

I  ask,  would  it  not  be  a  good  thing  to  do,  to  lower  the  initial 
pressure  and  temperature  in  the  low-pressure  cylinder  if  unac- 
companied b}^  any  corresponding  increase  in  temperature  range 
in  the  high-pressure  cylinder  ?     But  all  this  would  be  the  result 
13 
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of  increasing  the  size  of  the  intermediate  receiver,  and  it  can  be 
obtaineil  in  no  other  way.  The  mechanical  advantage  of  not 
striking  so  heavy  a  blow  on  the  hirge  low-pressure  piston  is  also 
considerable,  though  apart  from  the  phase  of  the  question  which 
I  would  like  to  present. 

Xow,  in  the  test  of  the  Natick  engine  the  receiver  pressure  was 
carrieil  relatively  higher  than  I  would  desire  it  to  be,  owing  to 
the  fact  that  it  was  somewhat  underloaded  ;  but  still  the  receiver 
volume  is  nearly  or  quite  as  large  as  that  of  the  low-pressure 
cvlintler,  and  so  it  has  the  effect  of  decreasing  uniformly  the  back- 
])ressure  on  the  first  cylinder,  in  this  case  fourteen  pounds.  Thus 
it  makes  the  range  in  temperature  in  the  large  cylinder  also 
much  less,  and — please  mark  this  statement — thereby  contributes 
to  the  economy  of  the  engine  as  a  whole.  How^  does  it  do  this? 
Let  this  question  be  answered  by  a  consideration  of  the  grounds 
u|)on  which  the  "  well-known  and  fundamental  theory  of  the 
desirability  of  equal  ranges  of  temperature  "  rests. 

This  theory  asserts  that  in  each  of  the  cylinders  of  a  compound 
engine  an  equal  amount  of  cylinder  condensation  will  occur,  pro- 
vided that  the  range  in  temperature  in  each  is  equal.  Could  any- 
thing be  more  erroneous  on  the  face  of  it  than  that  proposition  ? 
What  account  does  it  take  of  the  fact  that  the  low^-pressure 
cylinder  of,  say,  the  Louisville  engine  has  four  times  the  exposed 
area  on  its  piston  and  cylinder-head  faces  that  the  high-pressure 
cylinder  has?  A  moment's  consideration  should  show  that  a 
unit  of  area  in  either  cylinder  exposed  to  a  degree  difference 
in  temperature  will,  other  conditions  being  identical^  condense  an 
efjual  amount  of  steam,  unless,  indeed,  there  be  some  at  present 
unknown  dynamic  influence  upon  the  incoming  steam  tending  to 
augment  condensation. 

Thus  it  seems  to  "stand  to  reason"  that  in  the  case  of  the 
Natick  engine,  if  the  ranges  in  temperature  were  maintained  equal 
in  ea<;h  cylinder,  with  a  difference  in  piston  areas  of  7  to  1,  there 
wr>uld  constantly  be  many  times  the  condensation  occurring  in 
the  first  cylinder  occurring  all  the  time  in  the  second  cylinder. 

It  appears  to  me  plain  that  the  maximum  efficiency  of  the 
entire  engine  is  reached  when  there  is  an  equality,  not  of  tempera- 
ture ranges,  but  ()[  amounts  of  cylinder  condensation!  the  con- 
densation oc<!urring  in  the  first  cylinder  being  just  sufficient  to 
t;iko,  after  reevaporation  at  exhaust,  the  place  of  the  condensation 
bound  U)  occur  in  the  succeeding  cvlinder.     Thus,  as  Dr.  Thurston 
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has  well  said,  the  most  wasteful  cylinder  in  series  is  the  measure 
of  the  loss  from  cylinder  condensation ;  plainly,  we  can  do  no 
better  than  to  make  each  cylinder  equally  wasteful  by  adjusting 
the  range  in  temperature  in  each  cylinder  so  as  to  produce  this 
result. 

There  is  but  one  way  to  secure  an  equality  of  condensation  in 
the  two  cylinders  of  the  Natick  engine,  and  that  is,  as  I  have  just 
attempted  to  show,  by  employing  a  very  large  intermediate 
receiver. 

This  Avill  of  necessity  produce  some  drop  at  the  terminal  of  the 
liigh-pressure  card,  whereas  the  intermediate  cylinder  would 
prevent  it  utterly.  To  the  extent  that  "drop"  is  a  net  loss  the 
use  of  an  intermediate  cylinder  would  be  a  gain,  for  I  realize  fully 
that  part  of  this  loss  "cannot  be  recovered  by  any  subsequent 
event."  But  after  Ave  have  admitted  this  fact  we  are  still  no 
wiser  than  before ;  we  must  arrive  at  some  idea  of  the  net  extent 
of  the  loss  by  "  drop,"  that  is,  the  net  loss  "  after  all  the  bills  are 
paid,"  to  use  a  business  man's  simile,  and  then,  if  we  find  it  to  be 
serious — say,  something  over  two  or  three  per  cent. — we  can  make 
use  of  the  intermediate  cylinder. 

Xow,  it  is  apparent  from  an  inspection  of  the  combined  dia- 
grams (Fig.  56)  that  one  loss  due  to  making  use  of  an  inter- 
mediate cvlinder  is  the  loss  due  to  wire-drawino^  in  ^ettinof  the 
steam  out  of  the  first  cylinder  and  into  the  second.  This  of 
itself  is  a  greater  loss  than  the  triangular  area  lost  through  order- 
ing the  point  of  cut-off  at  a  point  on  the  entire  expansion  curve 
that  is  lower  than  the  terminal  pressure  in  high-pressure  cylinder 
— a  fact  which  is  the  cause  of  the  drop  in  the  jS^atick  engine. 
Then  a  certain,  and  relatively  considerable,  portion  of  the  toe 
of  the  high-pressure  diagram  is  so  much  lost  work,  owing  to  the 
fact  that  it  is  too  little  to  overcome  the  friction  of  the  engine,  as 
has  been  pointed  out  by  Professor  Gale. 

My  belief  is  that  when  such  practical  considerations  as  those 
just  given  are  arrayed  on  the  credit  side  of  "drop" — and,  be  it 
understood,  I  here  allude  to  a  small  degree  of  drop,  say  not  over 
30  pounds — such  as  we  can  get  along  Avith  where  the  expansions 
are  so  many  as  in  the  Xatick  engine — the  preponderance  of 
power  felt  at  the  piston-rod  Avill  be  found  to  be  in  favor  of  the 
two-cj'linder  rather  than  the  three-cylinder  engine,  Avhere  pressures 
of  160,  170,  or  180  pounds  are  to  be  obtained. 

I  have  dealt  Avith  the  idea  that  the  office  of  the  receiver  in  the 
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Xatick  type  of  compound  engine  is  to  produce  drop  in  pressure  at 
the  terminal  of  the  high-pressure  cj^linder  stroke;  that  there  is 
pi-aetically  no  loss  from  ''  drop  "  in  that  engine ;  and  that  in  an}^ 
compound  engine  it  is  necessary  to  sustain,  not  an  equality  of 
temperature-ranges  in  the  two  cylinders,  but  an  equality  of  conden- 
siitions.  I  would  now  like  to  look  at  the  question  in  another 
light,  and  will  try  to  show  that,  leaving  the  low-pressure  cylinder 
quite  out  of  the  account,  there  is  still  no  greater  loss  from  cylinder 
condensation  in  the  Xatick  engine,  even  though  the  intermediate 
cylinder  is  not  emploj^ed,  than  w^ould  be  the  case  were  it  in  use. 

Sup[)ose  the  engine  to  have  an  intermediate  cylinder  of  a 
diameter  of,  sa}^,  thirty  or  thirty -two  inches;  that  is,  give  the 
engine  what  would  be  a  standard  intermediate  cylinder. 

Suppose  the  three  points  of  cut-off  to  be  so  adjusted  as  to  give 
equal  ranges  of  temperature  in  each  cylinder.  We  would  then 
have  the  kind  of  practice  desired  b}^  Mr.  Dean. 

The  relative  areas  of  the  high  and  intermediate  cylinders  are  to 
each  other  as  1  to  3,  and  the  ranges  in  temperature  are  presup- 
posed e(|ual. 

Now  it  seems  to  me  that,  in  order  to  prove  that  the  intermediate 
cylinder  is  an  "ameliorator"  of  the  loss  in  the  entire  engine  due 
to  cylinder  condensation,  it  must  first  be  shown  that  less  cylinder 
condensation,  by  a  considerable  amount,  gets  by  the  intermediate 
piston  without  doing  work  in  that  cylinder  as  steam  than  would 
escape  from  the  high-pressure  cylinder,  were  it  to  be  subjected  to 
twice  the  range  in  temperature  happening  when  both  cylinders 
are  in  use,  by  the  instrumentality  of  an  enlarged  receiver.  Per- 
liaps  it  is  unnecessary  to  take  time  to  show  that  the  effect  of  either 
the  intermediate  cylinder  or  of  the  large  receiver  upon  the  condi- 
tions under  which  the  low-pressure  cylinder  takes  its  steam  is 
identical  in  either  case,  so  that,  as  I  have  said,  that  cylinder  may 
be  left  out  of  account,  in  calculating  the  deleterious  effects  on  the 
economy  of  tlie  engine  by  reason  of  leaving  out  the  intermediate 
cylinder.  Tiie  question,  therefore,  is :  "Does  more  condensation 
and  rceva|Kiration  take  place  in  the  high-pressure  cylinder — 
Laving  twice  the  temperature-range  and  one-third  the  area  of  the 
intermediate  cyhnder — than  takes  place  in  the  intermediate  cylin- 
der, if  used?"  To  ask  this  question  is  also  to  answer  it,  I  think, 
in  the  negative,  in  the  light  of  what  has  been  said  above. 

To  return  to  the  author's  indictment,  that  the  Natick  engine 
liihijn  under  great  defects ;  I  have  mentioned  that  many  of  the 
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defects,  such  as  defective  jacket  circulation  and  defects  of  that 
order,  are  of  themselves  a  sufficient  cause  of  the  difference  in 
economy  actuallv  observed  between  the  two  eno^ines:  I  ao-ree 
.fully  with  him  in  the  abstract  proposition  that  the  highest  econ- 
omy to  be  realized  in  the  perfect  engine — that  is,  in  one  having 
non-condensing  cylinder  surfaces  and  frictionless  parts — is  to  result 
from  the  combined  influence  of  two  conditions— usino:  a  volume 
of  steam  at  the  highest  possible  pressure,  expanded  the  utmost 
number  of  times. 

The  Xatick  engine  is  the  embodiment  of  this  principle,  so  far  as 
the  principle  can  be  embodied.  It  uses  steam  of  a  higher  pressure 
than  does  any  other  compound  mill  engine  of  which  I  have  any 
knowledge. 

It  expands  a  volume  of  it  sixty  per  cent,  more  times  than  the  ratio 
of  expansion  in  the  Leavitt  engine — the  ratio  being  1  to  33  for  the 
Xatick  engine  and  1  to  21  for  the  Leavitt  engine.  If  the  Leavitt 
low-pressure  cylinder  had  been  fifty  per  cent,  larger  it  would  have 
enabled  the  expansions  to  be  on  a  par  with  the  ratio  in  the  Xatick 
engine ;  but  the  increase  in  economy  would  only  result,  I  venture 
to  predict,  if  an  enlarged  receiver  were  also  used. 

But  as  to  the  size  of  the  receiver  and  the  volume-ratio  in  the 
Xatick  en«"ine  beino^  o^reat  defects  in  its  desi^'n,  I  confess,  for 
reasons  stated,  I  cannot  see  it  quite  yet  in  that  light,  and  mistrust 
I  shall  never  be  able  to  see  it  so,  unless  I  am  given  more  informa- 
tion of  a  kind  contrary  to  that  now  in  my  possession. 

There  is  one  other  minor  and  last  aspect  of  the  matter  that  1 
might  bring  briefly  to  your  attention  by  quoting  the  trite  saying : 
^*  One  swallow  does  not  make  a  summer."  This  Louisville  engine 
has  not  only  broken  all  previous  records,  it  has  left  them  out  of 
sight ;  they  are  not  even  in  the  race  at  all. 

Xote  the  performance  of  the  Pawtucket  compound  pumping 
engine;  note  that  of  the  great  Allis  tandem  compound  at  the 
Plymouth  Cordage  AVorks — fifteen  or  twenty  per  cent,  less  econo- 
mical, thouo^i  under  fully  as  o-ood  conditions.  Xote  that  of  the 
triple-expansion  Laketon  pum])ing  engine,  Avorking  with  steam  at 
one  hundred  and  fifty  pounds,  and  yet  fifteen  per  cent,  less  eco- 
nomical. Xote  that  of  the  European  triple-expansion  mill  engine, 
the  Sulzer  Corliss,  of  large  size  and  splendid  design,  yet  out- 
distanced by  this  Louisville  compound  six  per  cent.  In  such  com- 
pany I  confess  I  believe  the  performance  of  the  Xatick  engine — 
improved  upon  by  itself,  as  it  doubtless  could  be,  several  per  cent. 
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is  not  unsatisfactory  enough  to  warrant  an  impeachment  of  its 

ilesit^n,  especially  when  four  other  engines  of  the  same  type  have 
all  t^-iven  equal! v  good  or  better  accounts  of  themselves;  whereas 
we  cannot,  with  certainty,  get  a  plain  compound  Corliss  mill 
enirine  to  do  as  well  as  fourteen  pounds,  try  as  we  will. 

Dr.  CJuu.  E.  Emery. — It  is  known  by  many  present  that  several 
of  the  problems  under  discussion  were  examined  by  me  about  twenty 
veai*s  ago.  The  lessons  then  learned  have  not  lost  their  force  in 
many  respects.  The  later  engineers  have  had  an  opportunity 
of  experimenting  witli  higher  steam  pressures  and  more  perfect 
mechanism,  and  have  obtained  much  more  economical  results; 
but  it  is  a  question  if  such  results  are  not  due  entirely  to  these 
two  features.  I  class  reduced  clearance  with  more  perfect 
mechanism,  for  the  reason  that  the  mechanical  details  of  the 
engines  were  substantially  the  same  then  as  now.  There  is  a 
tendency,  however,  to  theorize,  as  to  features  other  than  those 
mentioned,  and  we  are  fast  reaching  a  condition  of  ultra  theory 
and  ultra  expansion,  like  that  developed  for  the  older  type  of 
engines  during  the  war,  when  the  Winooshi  and  Algonquin  ran 
their  celebrated  dock  race  here  in  the  city  of  JSTew  York.  It  will 
be  recollected  that  on  the  last-named  vessel  15  to  20  expansions 
were  attempted  in  a  single  cylinder  with  80  pounds  steam 
pressure,  Avhile,  in  the  other  vessel,  designed  by  Mr.  Isherwood, 
45  pounds  steam  pressure  was  used,  cut-off  at  about  -{'^  of  the 
stroke,  but  with  a  valve  moving  so  slowly  that  the  virtual  cut-off 
was  at  about  /„.  The  low-pressure  steam  machinery  pulled  more 
steadily  than  the  other,  used  less  steam  per  horse-power,  and  did 
not  break  down,  whereas  that  using  the  high  pressure  did.  This 
showed  that  there  was  more  to  the  question  than  mere  theory. 
In  one  case  the  expansion  was  carried  to  an  extreme  unwarranted 
by  the  conditions,  so  that  the  more  simple  machinery,  with  less 
expansion  than  was  warranted,  gave  the  better  result.  History 
re|x;ats  itself;  and  very  similar  results  are  coming  to  light  in 
relation  to  triple  coni])ound  engines  compared  with  compound 
engines,  which  show  it  is  time  to  call  a  halt  and  ascertain 
what  points  have  been  actually  settled  by  previous  practice.  In 
discussing  Mr.  Webber's  paper ''^  I  called  attention  to  the  very  low 
mean  pressure!  in  the  large  cylinder,  and  made  the  statement  that 
the   work  done   in  the  intermediate  cylinder   could   have   been 


♦  Traiimctions  A.  S.  M.  E.,  Vol.  XVI.,  p.  55. 
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transferred  to  the  larger  cylinder,  and  greater  economy  thereby 
secured  in  that  cylinder.  It  follows  that,  even  if  the  gain  in  the 
low-pressure  cylinder  was  balanced  by  a  corresponding  loss  in 
the  high-pressure  cylinder,  the  economy  of  the  simpler  compound 
engine  would  still  be  as  great  as  that  of  the  triple  compound.  I 
was  very  much  surprised  to  hear  the  statement,  in  Mr.  Eock- 
wood's  discussion  of  the  present  paper,  that  he  would  have 
preferred  to  have  the  engine  which  he  designed  operate  with  as 
low  a  mean  pressure  in  the  low-pressure  cylinder  as  I  had 
criticised.  We  ought  by  this  time  to  know  all  about  the  results 
with  low-pressure  steam,  as  very  many  experiments  have  been 
made  with  it.  Mr.  Isherwood's  books  are  full  of  such  experi- 
ments. Those  made  on  the  2lichiga7i^  at  Erie,  Pa.,  settled  many 
of  the  .questions,  though  others  are  equally  applicable,  more 
particularly  those  with  which  the  speaker  Avas  connected,  known 
as  the  "■  Kovelty  Iron  Works  Experiments,''  of  which  a  table  has 
been  published,  without  explanations,  in  Appletovus  CyclojycBdia 
of  2Iechanics^  and  Yol.  II.,  American  edition,  of  Weishach^s 
2fechcinics,  The  oeneral  result  is  well  known.  Engines  usino^ 
15  pounds  of  steam  were  more  economical  than  those  using  5  to 
10  pounds ;  25  pounds  pressure  was  found  still  more  economical, 
and  10  pounds  more  economical  yet.  The  last-named  pressure 
is  at  present  out  of  the  question  for  the  large  cylinder  of  a  com- 
pound engine.  In  fact,  there  would  be  some  gain  by  compound- 
ing with  such  pressure,  but  in  regard  to  using  steam  at  a  pressure 
below  that  of  the  atmosphere,  and  at  10  or  15  pounds  above  it, 
there  is  no  question  whatever;  the  latter  is  much  more  econom- 
ical. The  terminal  pressure  in  a  low-pressure  cylinder  should  be 
high  enough  to  insure  thorough  drainage  by  the  sudden  expan- 
sion during  the  exhaust,  the  gain  in  this  way  being  greater  than 
the  loss  caused  by  reducing  the  expansion  in  such  cylinder.  In 
the  design  of  modern  compound  and  triple  compound  engines  we 
should  start  with  the  maximum  already  obtainable  with  a  low- 
pressure  cylinder ;  that  is,  do  as  much  work  therein  as  has  proved 
economical  in  low-pressure  practice,  then  obtain  as  much  work 
Avith  the  steam  above  that  pressure  as  is  practicable.  The  result 
Avill  be  that  more  work  will  be  done  in  the  low-pressure  cylinder 
than  in  the  high-pressure,  as  is,  indeed,  shown  by  the  tests  of  the 
Leavitt  engine,  now  under  discussion.  This  does  no  harm.  We 
have  simply  to  provide  for  it  in  the  design,  even  if  two  low- 
pressure  cylinders  are  used,  as  in  some  forms  of  compound  engine. 
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1  wish  to  tliiink  Mi*.  Rockwood  for  the  very  earnest  work  he 
has  done  in  developing  this  question  of  compound  vs.  triple  com- 
pound engines,  though  I  do  not  think  he  is  right  in  making  such 
an  extremely  large  ratio  of  capacity  between  the  high  and  low- 
]iressure  cylinders.  It  is  also  a  source  of  gratification  that  even 
better  economical  results  have  been  obtained  with  a  Leavitt 
compound  engine,  and  as  the  latter  result  was  secured  with  a  less 
number  of  expansions,  and  with  a  larger  proportion  of  the  work 
ilone  in  the  large  cylinder,  it  indicates  the  correctness  of  the 
principles  above  stated. 

The  general  conclusion  appears  to  be  that  we  cannot  as  yet 
carry  the  steam  pressure  high  enough  to  make  the  triple  com- 
pound engine  of  value  in  a  commercial  sense.  It  is  true  that  the 
best  triple  compound  engines  have  given  a  little  better  results 
than  the  best  compound  engines,  but  fairly  large  percentages  of 
gain  are  for  such  economical  engines  very  small  quantities,  and  are 
easily  wiped  out  by  very  trifling  derangements,  such  as  small 
leaks,  want  of  care  with  jackets,  etc.,  and  are  readily  balanced  by 
other  items  of  cost,  such,  for  instance,  as  a  little  higher  wages  of 
the  enofineer  or  the  o^reater  interest  due  to  increased  first  cost. 

G  c5 

The  coal  is  only  one  of  the  several  items  of  cost  in  operating  a 
steam-engine,  and  all  must  be  considered  in  making  a  commercial 
balance. 

In  making  these  remarks  I  wish  to  encourage  rather  than 
hinder  any  attempts  to  obtain  the  very  best  results  possible.  The 
chairman  will  realize  that  the  anthracite  supply  is  limited  and 
that  that  kind  of  coal  w^ill  appreciate  in  price,  so  the  very  extreme 
economies  will  be  valuable  in  the  future,  even  if  not  warranted  by 
commercial  considerations  in  the  present. 

This  discussion  of  compound  vs.  triple  compound  engine  will  be 
more  valuable  than  seems  at  first  sight.  I  have  already  called  the 
att^*ntion  of  the  American  Society  of  Naval  Engineers  to  the 
.subject,  with  a  view^  of  saving  the  weight  and  to  some  extent 
the  space  occupi(Ml  by  the  intermediate  cylinder  on  board  ship. 
There  the  elements  of  space  and  displacement  are  of  the  greatest 
impcjftance,  and,  moreover,  the  full  power  runs  are  comparatively 
so  short  that  some  economy  can  be  sacrificed  under  such  circum- 
8tanc4?s,  if  economical  results  are  obtainable  at  ordinary  cruising 
speeds.  It  is  true  tluit  thf;  three-crank  system  of  the  triple  com- 
p<->und  engine  is  a  (h'sirabh;  feature  in  producing  smoothness  of 
working,    but    it  need  not   Ix;  sacrificed  if  a  return  be  made  to 
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compound  engines,  as  two  of  the  cylinders  can  be  low-pressure 
cylinders,  as  was,  indeed,  a  common  practice  when  lower  steam 
pressures  were  employed.  The  system  of  doing  more  work  in 
the  larger  cylinders,  previously  recommended,  aids  in  the  solution 
of  this  problem,  though  doubtless  there  will  be  some  difficulty  in 
distributing  the  load  equally  to  the  three  cylinders.  The  system 
adapts  itself  very  well  to  the  conditions  of  varying  loads  obtaining 
on  board  ship,  and  I  have  no  doubt  that  in  due  time  valuable 
developments  will  be  made  in  this  direction. 

Mr.  William  Kent. — I  think  that  in  vears  to  come  eno^ineers 
Avill  read  with  great  pleasure  this  paper  of  Mr.  Dean's  and  the 
discussion  by  Mr.  Rockwood,  supplemented  by  D.  Emery's 
discussion.  As  the  matter  stands  now  we  can  say  we  have 
learned  that  the  Leavitt  engine,  according  to  Mr,  Dean,  is  about 
five  per  cent,  superior  in  economy  to  the  Natick  engine,  and 
according  to  Mr.  Rockwood,  if  we  make  the  proper  allowances, 
the  Natick  engine  is  eight  per  cent,  better  than  the  Louisville 
encrine.  Add  these  fio:ures  too^ether  and  divide  them  bv  two  and 
we  have  the  two  engines  very  nearly  alike.  Mr.  Rockwood 
mentioned  in  his  remarks  the  Pawtucket  engine,  and  it  was  also 
in  my  own  mind  at  the  time,  as  to  what  is  the  cause  of  the  differ- 
ence in  economy  between  the  Louisville  engine  and  the  Pawtucket 
engine.  The  Pawtucket  engine  had  16  expansions  as  against 
20  in  the  Louisville  and  33  in  the  Rockwood  engine.  The  Paw- 
tucket engine  had  120  pounds  of  steam  pressure  as  against  151 
in  the  Louisville  and  175  in  the  l^atick  engine.  The  Louisville 
engine  had  high  vacuum  as  compared  with  the  Pawtucket.  The 
Pawtucket  engine  had  onl}^  24:0  for  piston  speed  as  compared 
with  371  for  the  Louisville  and  611  for  the  Natick.  It  is  probable 
that  if  the  Pawtucket  engine  had  been  given  150  or  175  pounds 
pressure  of  steam,  and  if  the  expansions  had  been  20  or  33  instead 
of  16,  it  would  have  shown  a  better  result.  So  that  the  Paw- 
tucket engine  might  stand  pretty  near  the  top  if  you  would  only 
give  it  the  advantage  these  other  engines  had  in  steam  pressure 
and  expansion  and  piston  speed.  We  cannot  make  a  satisfactory 
comparison  between  the  Natick  and  the  Louisville  engines,  because 
the  conditions  are  so  different.  The  Louisville  engine  had  20 
expansions.  Was  that  the  best  practice  for  that  particular  engine  ? 
The  Natick  engine  had  33.  Was  that  the  best  expansion  for  that 
particular  engine?  The  steam  pressure  of  the  Xatick  engine  was 
175  against  150  in  the  Louisville  engine.     Were  these  pressures 
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the  l)est  for  those  piirticuhir  engines  'I  Of  course,  the  vacuum  in 
tlie  Louisville  engine  was  best,  at  all  events,  and  the  Natick  engine 
wouUl,  no  doubt,  have  been  glad  to  get  such  a  vacuum.  But  I  say 
we  cannot  satisfactorily  determine  which  is  the  best  form  of  these 
two  enirines  until  they  are  both  tested  with  the  same  steam  press- 
ure and  vacuum,  and  until  each  engine  is  tested  with  varying 
expansions,  until  they  find  the  expansion  best  suited  for  that 
particular  engine. 

In  regard  to  D.  Emery's  remarks,  he  makes  a  point  about  the 
compound  vs.  the  triple-expansion  engine  for  marine  practice. 
It  is  strange  that,  about  1882,  the  very  engine  he  speaks  of,  the 
compound  engine  with  three  cylinders,  was  the  favorite  engine, 
and  it  has  paid  since  that  to  take  these  out  of  the  ships  and  substi- 
tute the  triple-expansion  at  great  cost,  a  great  economy  resulting 
from  the  change,  although  I  admit  that  putting  in  boilers  of  higher 
steam  pressure  might  have  been  largely  the  cause  of  the  economy. 
AVe  cannot  determine  that,  however,  because  we  have  not  had  a 
trial  of  that  particular  form  of  compound  engines  with  high  press- 
ure and  with  moderate  pressure  steam.  We  do  not  know  to-day 
what  that  engine  might  have  been  capable  of  doing  with  steam  of 
one  hundred  and  seventy -five  pounds  pressure,  because  it  never 
was  tried. 

J//'.  li.  S.  IlaJe, — I  should  like  to  ask  Mr.  Dean  what  was  the 
slip  of  the  engine,  as  determined  by  weir  measurement.  Last 
summer  Mr.  Bi'ackett  spoke  to  me  of  something  like  seven  per 
cent.,  and  if  it  was  as  much  as  that,  would  it  not  change  consider- 
ably the  friction  of  the  engine  and  the  duties,  as  figured,  of  the 
plunger  displacement? 

J//*.  Plait, — I  would  like  to  ask  for  some  information  with 
reference  to  the  boiler  practice  at  this  mill  engine  test.  The  con- 
tnist  l>etween  the  two  tests  of  five  hours  and  one  hundred  and 
forty-four  liours,  without  any  explanation  with  reference  to  the 
boiler  practice,  seems  to  me  to  leave  something  lacking. 

Mr.  Ih'un. — The  tests  of  these  engines  as  they  are  reported  were 
simply  a  f(?ed- water  test,  and  the  water  in  the  boilei^s  was  at  the 
sfimc  height  at  the  end  of  the  test  as  at  the  beginning,  and  the 
steam  pressure  was  the  same.  That,  with  a  little  experience,  can 
always  U3  bi'oii<rlit  about. 

»  o 

That  part  of  the  test  of  the  Louisville  engine  referred  to  by 
Mr.  Hale  was  not  touched  upon  by  me  in  this  paper,  for  the  reason 
that  I  felt  more  interested  in  the  steam  performance  than  in  any 
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Other  part,  and  thought  probabh^  other  people  would  also.  The 
slip  of  the  Louisville  engine  is  remarkably  large.  It  was  so  large 
that  it  took  us  some  two  or  three  days  to  try  to  find  out  the  rea- 
son, and  it  averaged  about  6.8  per  cent.  AYe  determined  the  data 
for  every  day.  In  fact,  we  made  six  different  consecutive  tests; 
that  is  to  say,  as  I  just  stated,  we  determined  the  data  each  day 
separately,  and  it  came  always  about  6.8  slip.  We  were  somewhat 
suspicious  of  our  weir.  But  all  of  our  suspicions,  so  far  as  Ave  were 
able  to  see,  proved  to  be  groundless.  We  several  times  stopped 
the  engine,  and  shut  valves  in  the  main,  and  noted  the  flow  of  the 
water  in  the  chamber  at  the  weir,  and  we  also  did  that  when  the 
valves  were  not  shut,  so  that  it  all  came  on  the  pump-valves.  At 
such  times  the  flow  of  water  was  about  one  per  cent,  of  the  amount 
of  the  plunger  displacement.  The  only  way  that  we  can  account 
for  this  unusual  slip  is  this — that  the  pump-valves  were  metallic 
valves  seating  on  metallic  seats,  and  the  Ohio  River  water  carries 
considerable  sand  in  it,  and  those  valves  in  a  short  time  scored 
themselves  out  more  or  less,  and  valves  which  were  taken  out 
seemed  to  be  gouged  out  as  it  were  on  one  side,  and  not  all  the 
way  around.  But,  of  course,  we  can  hardly  imagine  a  pump-valve 
seating  squarely.  There  is  a  spring,  as  a  general  thing,  to  press  it 
down,  and  that  spring  will  probably  carry  down  one  side  a  little 
quicker  than  it  does  the  other,  and  of  course  all  pump-valves 
must  be  loosely  fltted  so  that  they  will  be  free  to  move  under  all 
conditions.  It  looked  as  if  the  valve  in  general  struck  on  the 
edge  and  gouged  the  seat  out,  so  that  we  thought  that  probably 
a  good  deal  of  the  slip  was  to  be  accounted  for  in  that  wa}^ ;  and 
in  listening  to  the  pumps,  putting  one's  ear  right  against  the  pump 
chambers,  there  was  a  sound  which  did  indicate  that  there  was 
water  g^oincj  throus^h  somewhere — it  was  rather  difficult  to  tell 
where — at  the  time  when  the  water  was  being  forced  up  into  the 
main.  But  I  do  not  know  that  I  can  throw  any  additional  light 
on  that  subject.  The  whole  matter  was  an  astonishment  to  all  of 
us,  and  we  used  a  o^ood  deal  of  time  to  trv  to  find  out  what  the 
trouble  was.  That,  however,  would  not,  as  Mr.  Hale  suggests, 
affect  the  friction  of  the  engine. 

Xow  that  I  am  on  m}^  feet  I  will  speak  of  some  other  interest- 
ino^  thino-s  which  were  done  with  that  engine,  and  which  are  not 
mentioned  in  the  paper.  The  result  was  so  unusual  that  I  thought 
I  would  go  to  rather  unusual  pains  to  corroborate  it,  and  in  the 
report — I  have  forgotten  whether  I  stated  it  in  this  paper  or  not 
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but  in  the  report  of  the  test  it  is  mentioned  that  the  condensa- 
tion in  the  jacket  was  determined  by  passing  it  through  a  Worth- 
iiunon  meter,  wliich  meter  worked  with  remarkable  steadiness. 
It  always  showed  about  twenty-five  cubic  units  per  hour ;  whether 
you  took  the  data  on  the  first  day,  or  third  day,  or  last  day,  it 
was  just  the  same.  Immediately  after  the  trial  I  calibrated  that 
meter  for  some  three  hours.  I  was  hardly  content,  however,  with 
tliat  calibration,  and  after  I  got  home  I  wrote  to  the  chief  engi- 
neer of  the  water-works  to  ask  him  to  determine  that  condensa- 
tion for  me  by  actually  weighing  the  jacket  condensation,  and  also 
to  run  another  test  of  twenty-four  hours'  duration  ;  and  I  w^ill  say 
here  that  Mr.  Hermany  had  a  very  competent  chief  assistant,  who 
helped  me  in  this  test  and  in  whom  I  had  the  utmost  confidence. 
He  fullv  appreciated  the  necessities  of  the  case.  Persons  who 
have  read  the  account  of  the  test  in  the  report  will  remember  that 
the  amount  of  water  by  the  feed-pump  was  determined  by  com- 
puting it  from  the  rise  of  temperature  of  the  water  before  it  was 
heated  by  this  pump  exhaust,  and  after.  But  in  this  supplement- 
ary test  which  I  asked  Mr.  Hermany  to  make,  the  exhaust  was 
turned  out  of  doors,  and  the  feed-pump  was  run  by  the  donkey 
boiler,  and  the  jacket  water  was  actually  weighed  throughout  the 
twenty-four  hours,  and  the  separator  condensation  also.  This  jacket 
condensation  differed  from  that  w^hich  I  had  determined  by  .06  of 
one  per  cent.  The  head  of  water  on  the  pump  was  almost  iden- 
tical, the  revolutions  were  just  the  same,  and  the  indicated  horse- 
]>ower  figured  out  precisely  the  same  as  on  the  official  test.  On 
each  of  the  six  days  of  the  test  the  amount  of  feed-water  used 
by  the  engine  was  187,000  pounds,  almost  without  exception.  It 
differed  only  a  small  number  of  pounds.  The  greatest  difference 
that  we  found  from  my  results  was  the  separator  condensation 
for  the  twenty-four  hours.  I  made  it  3,900  pounds  in  twenty-four 
hours,  and  he  made  it  2,800.  There  was  a  difference,  you  see, 
somewhere  about  one-half  of  one  per  cent,  of  the  total  feed.  We 
are  <lealing  with  such  large  quantities  that  it  is  of  no  importance. 
He  also  ascertained  for  me  the  two  jacket  condensations  sepa- 
rately, and  the  re-heater  condensation  separately,  but  sinmltane- 
ously.  All  of  the  data  which  are  given  in  my  report  have  been  so 
thoroughly  corroborated  and  reproduced  day  after  day  on  that 
t<3st  that  they  are  singularly  to  be  relied  upon, 

*  Replying  to  Mr.  Ball,  as  to  the  effect   of   compression  on 
♦  Auihor'H  closure,  under  the  Rules. 
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economy,  the  experiments  to  which  he  refers  as  having  been  car- 
ried out  by  Professor  Jacobus  were  made  on  a  relatively  low-grade 
engine.  By  that  I  mean  a  single-valve  engine  with  large  clear- 
ances. Eesults  from  such  an  engine,  I  believe,  are  little  or  no 
guide  in  determining  practice  with  high-grade  engines.  Bv  hio"h- 
grade  engines  I  mean  four-valve  engines  with  small  clearances. 
With  low-grade  engines  some  thermo-dynamic  phenomenon  with 
high  compression  may  creep  in  which  overpowers  others.  In  the 
high-grade  engine  there  is  less  room  for  erratic  phenomena,  and 
we  can  work  more  closely  to  our  theories  and  obtain  correspond- 
ing results.  The  Leavitt  engine  is  worked  out  in  detail  close  to 
the  theories,  and  the  results  are  given  in  my  paper. 

Mr.  Ball's  arguments  do  not  appeal  to  me,  either  with  reference 
to  compression  or  to  drop. 

With  reference  to  drop,  I  will  simply  say  that  the  modern 
engine  is  made  to  use  steam  expansively.  It  may  be  done  in  one 
cylinder,  but  it  has  been  found  that  it  is  much  more  economical  to 
divide  it  up  into  steps,  each  cylinder  performing  a  step.  Why 
should  not  one  step  begin  where  the  preceding  one  leaves  off  ?  I 
confess  that  I  never  have  been  able  to  see. 

As  I  understand  it,  Mr.  Ball  claims  advantage  in  drop,  because 
it  superheats  the  steam.  If  we  assume  steam  of  45  pounds  abso- 
lute to  drop  to  25  absolute,  and  thus  to  drop  20  pounds,  the  super- 
heat will  be  — — '         —  =  21.87°.    This  superheat  would  not, 

0.4:0 

however,  exist,  for  the  released  heat  would  find  itself  in  wet  steam, 
and  therefore  the  supposed  benefit  is  all  but  nil. 

The  amount  of  heat  added  to  a  pound  of  steam  of  the  lower 
pressure  would  be  1165.6  —  1155.1  =  10.5  B.  T.  U.,  or  ■^\  of  1  per 
cent.,  and  this,  in  turn,  would  dry  out  10.5  -^  922  =  0.013,  or  1^^^^ 
per  cent,  of  moisture  in  the  steam,  the  benefit  of  which  is  un- 
known, but  small.  In  order  to  secure  this  small  benefit  Mr.  Ball 
would  lose  expansive  energy  of  the  steam,  the  value  of  which  is 
exactly  known,  and  is  represented  by  1  +  hyp.  log.  |§  =  1  -h  hyp. 
log.  1.8  =  1.5878  per  pound  of  steam.  I  prefer  to  get  this  work 
out  of  the  steam,  especially  when  its  quality  is  restored  by  a  re- 
heatcr. 

Keplying  to  Mr.  Eockwood,  I  think  it  is  not  unreasonable  to 
suppose  that  the  whole  engine  at  Natick  was  built  in  accordance 
with  the  Eockwood  system,  and  therefore  to  be  criticised  as  such. 
I  am  somewhat  in  sympatliy  with  Mr.  Ball  in  not  understanding 
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wliat  the  RoclvNVOod  system  is.  If  it  is  a  ratio  of  7  to  1  it  is  sel- 
dom made  bv  liim,  and  has  in  a  general  way  been  put  into  Eng- 
lish steamships  several  years  since.  As  for  tests  of  triple  engines 
with  the  intermediate  cylinder  cut  out,  the  columns  of  Engineer- 
inq  contain  tlie  results  of  tests  which  are  disastrous  to  the  cut-out. 
Mr.  Rockwood  states  that  the  steam-pipe  leaked  at  the  joints 
at  Xatick.  Tiiis  is  not  true,  except  at  a  slip  expansion  joint,  and 
tlie  amount  was  so  slight  as  to  make  no  perceptible  difference  in 
the  result. 

The  shortness  of  the  tests  of  the  Natick  engine  are  unfavorable 
to  it  compared  with  the  Louisville. 

I  ao-ree  with  Mr.  Eockwood  that,  so  far  as  I  know,  the  ad- 
vantage  of  high  piston  speed  is  mythical,  and  cuts  but  little  figure 
in  the  comparison  made  by  me. 

The  probable  greater  economy  which  would  be  due  to  a  better 
vacuum  with  the  Xatick  engine  was  estimated  by  me  by  ascer- 
taining how  much  more  area  would  have  been  given  to  the  low- 
pressure  indicator  diagram  thereb}^,  and  the  resultant  increase 
in  work  done  by  the  steam. 

Mr.  Eockwood  entirely  misinterprets  the  sag  in  the  exhaust  line 
of  the  high-pressure  indicator  diagram  of  the  Leavitt  engine,  except 
that  it  increases  the  range  of  temperature  in  that  cylinder.  He, 
however,  makes  no  allowance  for  the  fact  that  this  increase  in 
range  is  corrected  by  the  rise  in  pressure  in  the  receiver  and  high- 
pressure  cylinder  after  the  closure  of  the  low-pressure  inlet  valve. 
This  correction  is  intentional,  both  to  avoid  drop  in  pressure  and 
net  drop  in  temperature. 

To  make  myself  understood  with  reference  to  drop  I  will  define 
it.  In  general,  drop  is  a  fall  in  pressure  between  the  end  of  ex- 
])ansion  in  one  cylinder  and  the  beginning  of  expansion  in  the 
next,  and,  specifically,  in  a  tandem  or  Leavitt  engine,  it  is  the  fall 
in  pressure  between  the  terminal  pressure  in  one  cylinder  and  the 
initial  pressure  in  the  next.  The  only  unavoidable  drop  in  such 
engines  is  due  to  the  work  of  moving  steam  from  one  cylinder  to 
the  other.  In  the  Leavitt  engine,  expansion  in  the  second  cylin- 
der Ijegins  with  the  beginning  of  the  movement  of  the  piston 
from  the  end  of  the  stroke,  and  no  fall  in  pressure  can  occur 
until  piston  movement  begins;  while  drop  is  unresisted  expansion, 
or  fall  of  pressure  without  piston  movement  and  without  doing 
work,  and  is  therefore  a  dead  loss,  except  in  so  far  as  the  heat 
released  produces  some  superheating.     It  must  not  be  overlooked 
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that  true  expansion  takes  place  with  tlie  whole  stroke  of  the 
Leavitt  low-pressure  piston,  only  that  the  law  changes  after  low- 
pressure  cut-off. 

Mr.  Kockw^oocI  is  ^vholly  wrong  in  supposing  that  a  larger 
receiver  would  produce  drop  in  the  release  end  of  the  hio-h- 
pressure  diagram.  This  has  nothing  whatever  to  do  with  it,  as 
a  drop,  or  its  absence,  Avill  be  determined  by  the  low-pressure 
point  of  cut-off  in  either  a  tandem,  Leavitt,  or  cross-compound 
engine.  If  valves  are  properly  set  in  either  of  these  types  of 
engine,  and  the  cut-offs  of  all  but  the  first  cylinder  are  not 
affected  by  the  governor,  and  a  permanent  regime  has  been 
established,  neither  will  ever  produce  drop  or  loops  in  the  indi- 
cator diagrams,  except  the  always  unavoidable  drop  above  men- 
tioned, and  which  increases  with  speed.  This  is  furthermore 
entirely  independent  of  the  receiver  volume,  or  point  of  cut-off  in 
the  high-pressure  cylinder.  The  large  receiver  will  diminish  the 
temperature  range  in  the  high-pressure  diagram,  and  is  so  far 
beneficial  unless  the  correction  above  referred  to  is  wholly 
effective.  It  will,  how^ever,  not  affect  the  range  of  temperature 
in  the  low-pressure  cylinder,  as  Mr.  Rockwood  claims,  because  the 
initial  and  back  pressures  in  this  cylinder  are  not  affected  by  the 
receiver. 

My  understanding  of  the  effect  of  equal  ranges  of  temperature 
in  cylinders  is  not,  as  Mr.  Rockwood  says,  that  "an  equal  amount 
of  cylinder  condensation  will  occur,"  but  that  a  minimum  total 
condensation  will  occur.  Although  I  cannot  now  give  an  absolute 
proof  of  this,  I  am  satisfied  to  hold  this  view  for  the  present. 
The  theory  that  Mr.  Rockwood  tenaciously  advances,  viz.,  that 
equal  range  takes  no  account  of  the  amount  of  cylinder  surface, 
and  that  the  large  C3dinder  would  necessarily  condense  much 
more  than  the  small,  is  inconsistent  with  facts,  for  we  know  that 
in  every  engine  the  condensation  is  greatest  in  the  small  cylinder. 

Finally,  after  all  has  been  said  and  written,  the  fact  remains 
that  an  engine  with  a  cylinder  ratio  of  4  to  1  has  surpassed  in 
economy  an  engine  with  7  to  1,  carrying  a  higher  steam  pressure. 
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STRESSES  J\   THE    RIMS  AND   RIM-JOINTS   OF  PUL- 
LEYS AND  FLY-WHEELS. 

BY    GAETANO   LANZA,   BOSTON,    MASS. 

(Member  of  the  Society.) 

In  November,  1892,  a  paper  upon  this  subject  was  presented 
to  the  Society  by  Mr.  James  B.  Stanwood,  in  the  discussion  of 
which  I  called  attention  to  certain  stresses  in  the  joints  of  built- 
up  fly  wheels,  which  are  very  commonly  disregarded  by  builders 
of  engines,  and  which  Mr.  Stanwood  had  not  mentioned,  f 

In  December,  1893,  Mr.  Stanwood  presented  another  paper  on 
the  subject,  in  the  discussion  of  which  I  was  unable  to  take 
part.  X 

Both  of  his  papers,  and  also  my  discussion,  were  avowedly 
partial,  and  only  pretended  to  take  into  consideration  certain 
ones  of  the  existing  stresses,  while  certain  assumptions  were 
made  in  his  papers  which  were  claimed  as  probable,  but  of  which 
no  proof  was  attempted. 

Wiiile  it  is  impossible,  without  first  ascertaining  certain  facts, 
by  means  of  a  line  of  experimental  investigation  which  has  never 
l>een  pursued,  to  make  an  exhaustive  treatment  of  the  subject, 
nevertheless,  in  the  present  paper,  I  shall  attempt,  as  far  as  I 
can,  to  point  out  the  causes  of  stresses,  and  to  explain  how  to 
calculate  those  due  to  the  action  of  centrifugal  force.  More- 
over, while  I  shall  refer  to  the  two  papers  of  Mr.  Stanwood,  and 
to  my  discussion  on  tlie  first  one,  I  shall,  for  the  sake  of  clear- 
ness and  consecntiven^ss,  write  this  as  an  independent  paper, 
bejTiDnin^  ah  initio. 


•  Presented  at  the  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Engine-rs,  and  forming  ])art  of  Volume  XVI.  of  the  Trans 
ariiomi. 

f  Trfinsacticma  of  the  American  Hociety  of  Mechanical  Engineers,  Vol.  XV., 
p.  251  ;  No.  515. 

t  Trnnnnrfioim  of  the  Amrrlcnn  SocictTj  of  Mechanical  Engineers,  Vol.  XV., 
\>.  147  ;   No.  565. 
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The  subject  may  properly  be  divided  as  follows  : 

1.  What  are  the  stresses  in  the  rim  and  the  rim-joints  due 
solely  to  the  action  of  centrifugal  force  on  the  wheel  itself? 

2.  What  are  the  stresses  in  the  arms  due  to  the  same  cause  ? 

3.  What  are  the  stresses  in  the  arms  due  to  the  pull  of  the 
belt  or  ropes,  or  to  the  pressure  of  the  teeth  of  the  gears  when 
driving,  as  well  as  the  inertia  of  the  wheel  in  starting  or  stop- 
ping suddenly? 

4.  What  are  the  stresses  in  the  rim  and  rim-joints  due  to  the 
same  causes  ? 

This  paper  will  deal  at  length  with  1  and  2,  or,  in  other 
words,  with  the  stresses  due  to  centrifugal  force  only.  At  the 
close  of  the  paper,  however,  I  shall  cite  a  few  experiments  and 
make  a  few  remarks  bearing  upon  the  stresses  mentioned  in  3 
and  4,  as  they  are  doubtless  of  great  importance,  and  probably 
considerable  in  amount  in  most  cases.  Confining  ourselves, 
therefore,  to  a  study  of  the  stresses  due  to  centrifugal  force,  we 
note  the  following  two  cases  : 

1.  When  the  pulley  is  cast  in  one  piece. 

2.  When  it  is  cast  in  sections  united  by  bolts  or  other  fasten- 
ings. 

The  first  case  does  not  include  the  largest  wheels,  for,  it  being 
impracticable  to  cast  them  whole,  they  are  always  cast  in  sec- 
tions and  bolted  toorether.  However,  the  considerations  that 
affect  the  pulleys  cast  in  one  piece  affect  also  those  made  in  sec- 
tions, though  other  stresses  also  come  into  play.  We  wdll,  there- 
fore, begin  with  a  discussion  of  the  first  case,  or  of  pulleys  cast 
in  one  piece ;  and  in  regard  to  these  we  must  observe  that,  w^ere 
there  no  force  exerted  by  the  arms  on  the  rim,  then  the  only 
stress  to  which  the  rim  would  be  subjected  would  be  what  is 
called  the  centrifugal  tension  ;  i.  e.,  that  due  to  the  centrifugal 
force  of  the  rim,  independently  of  any  effect  produced  by  its  con- 
nection with  the  arms.  This  centrifugal  tension  is  the  one  and 
only  stress  commonly  taken  into  account  by  the  designers  of 
pulleys  or  fly-wheels,  whether  solid  or  made  in  sections. 

The  stresses  actually  existing  in  the  rim  are,  how^ever  (in 
case  1) : 

1.  A  direct  tensile  stress,  which  is  a  portion  only  of  the  cen- 
trifugal tension. 

2.  Stresses  due  to  the  bending  of  the  portion  of  the  rim  be- 
tween two  adjacent  arms. 
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To  explain  tlie  matter  more  fully,  we  may  observe  that  the 
amount  of  the  bending  stresses  depends  upon  the  amount  that 
the  arms  stretch.  If  they  did  not  stretch  at  all,  there  would  be 
only  bending  in  the  rim,  and  no  direct  tension.  In  order  to 
liave  no  bending,  it  would  be  necessary  that  the  arms  should 
stretch  (^in  this  case  due  to  their  own  centrifugal  force  only) 
enough  to  allow  the  rim  to  assume  a  circular  form  larger  than 
its  original  size  by  an  amount  corresponding  to  the  entire  cen- 
trifugal tension.  When  the  stretch  of  the  arms  is  less  than  this, 
the  rim  is  confined  at  the  points  of  junction  with  the  arms,  and 
hence  arises  bending. 

Mr.  Stanwood  assumes  that  the  stretch  of  the  arms  is  such  as 
to  render  the  stresses  due  to  bending  one-half  what  they  would 
be  if  the  arms  did  not  stretch  at  all.  That  this  assumption  is 
seldom  correct  will,  I  think,  be  evident  before  the  end  of  the 
present  paper  is  reached.  A  discussion  of  case  1  is  contained 
in  Unwin's  Machine  Design,  the  first  portion  of  which  is  correct, 
while  in  the  last  part  he  makes  certain  so-called  approximations 
which  lead  to  incorrect  results  in  many  practical  cases.  I  will, 
however,  give  here  what  seems  to  me  to  be  a  simpler  demon- 
stration of  the  first  portion,  and  will  then  continue  with  a  cor- 
rected form  of  the  last  part.  Of  course,  all  this  involves  a  lot 
of  mathematical  work,  mostly  algebra  and  trigonometry,  but  the 
reader  who  wishes  to  accept  the  results  without  examination  can 
omit  all  between  page  212,  line  15,  and  page  214,  line  2  from 
bottom. 


I  shall  adopt,  in  the  main,  Unwin's  notation,  and  will  begin  by 
defining  the  letters  used. 
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•  Let  adhc  (Fig.  61)  represent  the  portion  of  the  rim  between  two 
consecutive  arms  Oa  and  Oc. 
Let 

a  =  angle  aOh  =  angle  bOc  =  one-half  the  angle  between 
two  consecutive  arms. 

cp  —  variable  angle  aOd  =  twice  angle  aOe,  so  that  aOe,  = 
eOd, 

R  —  Oa  =  distance  from  centre  of  hub  to  centre  of  rim  in 
feet. 

V  —  linear  velocity  (in  feet)  of  centre  of  rim  per  second. 

A  —  area  (in  square  feet)  of  cross  section  of  rim. 

Q  =  weight  of  the  metal  in  pounds  per  cubic  foot. 

g  —  32.16  feet  per  second. 

F  =  pull  exerted  by  each  arm  on  the  rim,  so  that  the  shear- 

ing  force  in  the  rim  close  to  the  arm  —  ^-. 

S  =  shearing  force  in  rim  at  variable  point  d  where  angle 
aOd  =  q), 

Ti~  direct  tension  in  rim  in  tangential  direction  just  over 
the  arm. 

T  —  direct  tension  in  rim  in  tangential  direction  at  variable 
point  d  where  angle  aOd  =  (p, 

M  =z  bending  moment  in  rim  in  foot  pounds  at  variable  point 
d,  angle  aOd  =  cp. 

Ml  —  bending  moment  in  rim  in  foot  pounds  at  its  junction 
with  the  arms. 

G 

K  ~  F  ^  \^v'  for  convenience. 

g 

7\  =  distance  (in  feet)  from  centre  of  hub  to  outer  end  of 
arm. 

7'2  =  radius  of  hub  in  feet. 

/  =  moment  of  inertia  of  cross  section  of  rim  about  neutral 
axis,  units  being  jDounds  and  feet. 

2/i  =  distance  from  neutral  axis  of  rim  to  inside. 

2/2  =  distance  from  neutral  axis  of  rim  to  outside. 

(fj  =  stress  at  inside  of  rim  due  to  bending  only  (in  pounds 
per  square  foot). 

^2  =  stress  at  outside  of  rim  due  to  bending  only  (in  pounds 
per  square  foot). 

Pi  —  stress  (in  pounds  per  square  foot)  at  inside  of  rim. 

P2  —  stress  (in  pounds  per  square  foot)  at  outside  of  rim. 
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JE'i  —  modulus  of  elasticity  of  cast-iron  in  pounds  per  square 

foot. 

K  —  modulus  of  elasticity  of  cast-iron  in  pounds  per  square 

inch. 

.1,  =  area  of  cross  section  of  arm  in  square  feet,  when  the 
arm  is  of  uniform  section  throughout. 

JJi  —  elongation  of  arm  due  to  the  action  of  centrifugal 
force  (in  feet). 

S^  =  ^  =  shearing  force  just  next  to  the  arm. 

S.2=  0  ~  shearing  force  half  way  between  two  consecutive 
arms. 

T2  —  direct  tension  half  way  between  two  consecutive  arms. 
Mo  =  bending  moment   half   way   between    two    consecutive 
arms. 

Consider  the  forces  acting  on  a  portion  ad  of  the  rim,  where 
the  angle  aod  =  (p  (variable). 

These  forces  are  the  following,  viz.  : 

1.  The  centrifugal  force  acting  on  this  part  of  the  rim,  the 
resultant  of  which  acts  along  the  line  Oe  outwards  and  equals 

{    -A  --^)  (chord  ad)  —  2  — Av"^  sin.  ^cp, 
\  (J      UJ  g 

2.  The  direct  tension  T^  acting  at  a  in  sl  direction  tangent  to 
the  arc  nd  towards  the  right. 

3.  The  direct  tension  T  (variable)  acting  at  d,  in  a  direction 
tangent  to  the  arc  ad  towards  the  left. 

4.  Tlio  shearing  force  ^  acting  just  to  the  left  of  a  in  the 

direction  aO. 

5.  The  shearing  force  S  (variable)  acting  at  d  in  the  direction 
dO. 

0.  The  bending  moment  J/i  at  a. 
7.  Tlie  bending  moment  J/ (variable)  at  d. 
Resolving  forces  along  the  directions  Oe  and  ad,  and  imposing 
the  conditions  of  equilibrium,  we  have  : 

2  —  Avi'  sin.  if^  —  T  sin.  If/p  —  T^,  sin.  ^(p 

—  S  cos.  2^  —  n  ^^^'  i^  =  ^    (0 
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Tcos.  ^(p  —  Ty  COS.  \cp  —  iS'sin.  ^cp  +  -^sin.  \q)  =  ^      .     .     (2) 


M—  My ~  sin.  q)  -"l  T^R  sin.-  lcp+  (2—  ^z;-  sin.  |^^ 


9 
{R  sin.  i<^) (3) 

In  (8)  the  signs  are  so  cl\osen  that  the  bending  moment  is 
positive  when  the  bending  tends  to  make  the  rim  concave  out- 
wards. 

When  q)  =  2rv,  either  (1)  or  (3)  gives 


G  ,.,     F 

g 


T^  =  —Av--  —  cot.  a (4) 


Substituting  this  value  of    T^  in  (1)  and  (2),  and  solving  for  S 
and  T,  we  obtain 

^  ^  _  F  sin._(.v_-^ (5) 

2         sm.  a  ^  ' 

T=^Av^--^~''^-^^^^^ (6) 

g  2         sm.  a  "^  ' 

and  (3j  becomes 

,,       ,-        FR  (      ,  cos.  {a  —  q))\  ,_^ 

M=M, ^\cota ^ ^^       ...  (7) 

2     (  sm.  o(       )  ^  ^ 

To  find  J/i  observe  that  when  (p  =^  a^  the  slope  is  zero. 


Hence 


CY 


2Tdqj  --  0  ;  hence   substituting  the  value  of  J/  from 


(7)  integrating,  and  solving  for  J/.,  we  have 


Ml  —  -^  i cot.  cr  j (8) 

and  substituting  in  (7\  we  have 

jf=_^^ji_c-(^^n (9) 

2     (  a  sm.  ot        ]  ^  ^ 

Equations  f5),  (6;,  and  (9)  give  the  values  of  the  shearing  force. 
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direct  tension,  and  bending  moment  respectively,  at  the  variable 
point  </,  where  aOd  =  q\ 

On  the  other  hand,  when  q)  =  0  ox  cp  —  2(y,  we  have 

Moreover,  when  cp  =  a, 

^  =  0 ;  r  ,=  -Air-  —  —  cosec.  a  ;  M2  =  —    ^    \  cosec.  a • 

(/  ^  ^     '  ^^  ^ 

These  equations  are  all  identical  with  those  given  by  Profes- 
sor Unwin.  They  give  the  shearing  force,  direct  tension,  and 
bending  moment,  at  any  point,  in  terms  of  i^,  the  force  exerted 
by  each  arm  on  the  rim.  Hence,  it  is  necessary  to  determine 
7%  so  as  to  substitute  its  value  in  the  above  equations. 

To  do  this  in  the  case  of  arms,  of  which  the  section  varies,  would 
lead  to  great  complexity  ;  hence  the  only  case  considered  here 
will  be  that  of  arms  of  uniform  section  throughout ;  though  it 
seems  to  me  evident  that  the  results  will  apply  with  a  reasonable 
degree  of  accuracy  to  cases  where  the  variation  of  section  is  not 
great,  and  where  the  average  section  is  the  same  as  that  of  the 
uniform  arm  considered.  In  cases  where  the  variation  of  section 
is  great,  and  great  accuracy  is  desired,  it  will  be  necessary  to 
make  the  complex  calculation.  Let  C^  =  centrifugal  force  of  the 
portion  of  the  arm  between  the  rim  and  the  end  of  a  variable 
radius  p,  then  we  shall  have 

and  the  total  stretch  of  the  arm  due  to  the  entire  force  acting  on 
it,  is 


^i?=^  tA 


>,  r{  —  (f     dfj         fri  Fdp 


g    R'^^'ir,     2       A,E\'''  ]r,  A,E, 
This  reduces  to 

^i?  =  (n-r..{     ^■.^;ly..=  -i.„,„..,0+^JJ.        .    ,11) 
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Moreover,  the  total  stretch  of  the  portion  also  of  the  rim  is 
that  due  to  the  tension  T,  and  hence  we  have 


r  TR  ,_       R    \  ^     G 


^^^^=J    I^.^^=z2;l2"7^^'-^h^^^^^' 


9 

o  *^ 


Ai?=^i^,.__^ 


2;u""-24^f (12) 

Hence  by  equating  (11)  and  (12);  solving  for  F,  and  reducing, 


T7f  \    ^    o  \         R        J    \  R  ,  ,     ^ 

A,       R       '^  2Aa 
G 


or,  if  we  write,  for  convenience,  F  =  (  J  —  v- )  ^^,  we  obtain 


3     /  ^  -^AY^i  +  i^2 


^  ^     E     J  \      R 

A.       R  2Aa 


Professor  Unwin,  by  assuming  that  a  sufficiently  close  ap- 
proximation will  be  made  by  considering  the  arms  to  extend 
from  the  centre  of  the  shaft  to  the  rim,  or  ?',  =  R,  r^  =  0,  ob- 
tains 

^=j— ^~ (15) 

A]  '^  ¥A~a 

which  is  not  a  sufficiently  close  approximation  for  ordinary 
cases,  as  will  be  shown  later.  As  a  summary  of  the  equations 
deduced  we  have  the  following,  viz. : 

ty  F  sin.  (ry  -  cp)  . 

2         sin.  a 
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^       G  ,  „      F  COS.  {(y  -  cp) 
2       sin.  oc 


Jfr= 


0 


FB  f  1        COS.  {a  —  cp) 


IX 


sm.  oc 


.     .     .     (17) 
.     .     .     (18) 


'P 


=  0. 


S,  = 


2   ' 


.    .     (19) 


G  F 

T,  —      Av'  — 7>  cot.  a 

g  'A 


(20) 


„       FR/1  .      . 


Cp  z=i  a,  S^  =  0 


T  —  -  Av  —  ex  cosec.  <^      .     .     .     . 


M„  —  —     ^    (  cosec.  oL  —    - 

2    \  i^ 


(21) 


.     .     .     (22) 

.     .     .     (23) 

.     .     .     l24) 


and  if  we  write  F  =  (\  —  v'W,  we  shall  obtain 


r/>  =  0,  i9,  =   ^    f   — ^ 


^V-l.  +  f 


%. 

L/^^ 


2 + ?0  ^^*- ", 


.    (25) 


By.      ( By.^       1  \       ^ 
—    -^•■^"4-      -r     —     7  icosec.  fl^ 
la   ^  \  I  A  J 


Jf 


(-26) 


3- 


K= 


(^p)'(^'-) 


1    r,  —  r 


1 


.     .     (27) 


-^li      i?    '"^  2yl^ 
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It  may  be  of  interest,  in  any  special  case,  to  compute  tlie 
values  of  the  direct  tension  per  square  inch,  and  of  the  stress 
due  to  bending  separately.  If  this  is  desired,  the  following  are 
the  formulae  to  be  used  : 


T,      G     ,  \.        ^      ,       I 


I,  g        <d    I    \a 

-r    =  —  V    il  —  77— r  cosec.  a 
A        g        (         &A 

M,y,      G    .,  KEyJ  1 

c>^  — ^  —  -  v'  -^  ~f~[  cosec.  a—  — 

1^  g  b    1     \  a 

The  method  given  above  will  now  be  applied  to  the  case  of  a 
48-inch  pulley  with  the  rim  section  shown  in  Fig.  62,  the  out- 


1 

p 

62. 

side  diameter  of  which  is  48  inches,  and  the  section  of  each  of 
its  six  arms  an  ellipse,  2 J"  X  li". 
We  then  have 

^      8.031       »,  .         3.240        ,, 

^  ^    144  ^^-  ^*-         ^^  ^  ^M  ^"l-  ^^• 

1.185,,  0.378., 

2/.--^  ft.  2/2=     12"  ft. 

^      0.807         .,    ,    .       .    , 
I  =   ^^~r  ,  units  being  teet. 

(12/  ^ 

Suppose  we  have 

7\  =  1.870',         r^  =  0.313'. 
Also  let  us  assume 

94." 9_'' 

R  =     --12  '-  ft.  -  1.977 , 


•J  IS     STRESSES    IX    THE    KIMS,  ETC.,  OF    PULLEYS   AND    FLY-WHEELS. 

aiuj  let  r  —  88  feet  per  second  {i  c,  one  mile  per  minnte).    Using 
these  data  we  obtain  from  equation  (14) 

-.  =  0.813  ;  whereas  equation  (15)  would  give 
ji 

^\  =  0.582. 
A 

Using  the   former,  which  is,  of  course,  the  most  correct,  we 
obtain 

T 

~  =    575  lbs.  per  square  inch. 

cr,  =5,0G0    "       '' 
2h  =  5,035    "       " 

whereas,  the  second,  or  Unwin's  value  of  -.,  would  give 

T 

-^  =    625  lbs.  per  square  inch. 

a,  =  3,621  "       " 
p,  =  4,246  "       " 

Hence,  it  is  plain  that  Professor  Unwin's  formula  for  the 
value  of  -J  is  too  inexact  to  use.  If  now  we  compute  these  quan- 
tities by  Mr.  Stanwood's  method  ;  i.  e.,  by  taking  for  T2  the  en- 
tire centrifugal  tension,  and  for  ()2  one-half  the  outside  fibre 
Htress  that  would  arise  in  the  portion  of  the  rim  between  two 
consecutive  arms,  if  this  were  in  the  condition  of  a  beam  fixed 
in  direction  at  the  ends  and  uniformly  loaded,  we  should  find 

7' 

-.-'  =        752  ll>s.  per  square  inch. 


rr,   =     9,608    " 

<( 

IC 

/>,    =:  10,360      *' 

u 

11 

Henwi,  it  is  plain  that  Mr.  Stanwood's  assumption  is  very  far 
from  being  applicfible  to  this  (an  ordinary)  case,  this  assump- 
tion })eing  that  the  stretch  oi  the  arms  is  one-half  that  corre- 
sponding to  the  stretch  that  would  arise  in  the  rim  from  the 
centrifugal  tonsion  only. 
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Moreover,  if  we  compute  ths  value  of  ^B  in  this  case,  using, 
of  course,  the  first  value  of  ~  viz.,  0.813,  and  assuming  for  mod- 
ulus of  elasticity  of  cast-iron  E  =  17,000,000  lbs.  per  square 
inch,  we  obtain 

JB  =^  0.00078". 

But  the  stretch  of  the  rim  due  to  centrifugal  tension  only 
would  be 

0.  00659' , 

and  the  corresponding  stretch  of  the  arm  would  be 

0:^9 .-_  0.00105  •. 

Hence,  the  stretch  of  the  arm  is,  in  this  case, 

0.00078 


0.00105 


0.74 


of  the  stretch  that  would  correspond  to  the  stretch  the  rim 
would  have  in  consequence  of  centrifugal  tension  only,  and  not 
one-half,  as  Mr.  Stanwood  assumes.  I  will  add  that  5,635  pounds 
per  square  inch  seems  to  me  to  be  too  high  a  fibre  stress  for  cast- 
iron,  and  hence,  that  if  it  were  to  be  run  so  fast  that  v  would  be 
equal  to  88  feet  per  second,  it  ought  to  be  made  stronger.  On  the 
other  hand,  it  would  be  amply  strong  if  it  were  run  at  such  a 
speed  that  v  =  62  feet  per  second,  for  then  we  should  find 

p=  (~^)  (5635)  =  2797  lbs.  per  square  inch. 

The  above  completes  what  I  have  to  say  in  the  case  of  solid 
pulleys ;  and  we  come  now  to  the  more  important  matter  of  the 

STRESSES    IN   THE    RIM-JOINTS   OF    FLY-BAND    WHEELS. 

In  my  discussion  of  Mr.  Stan  wood's  first  paper  (see  A.  S.  M.  E. 
Trans.,  Vol.  XIY.,  page  261,  ef  seq.)  what  I  said  upon  the  subject 
was,  of  course,  incomplete  in  that  the  bending  moment  due  to  the 
centrifugal  force  was  not  taken  into  consideration. 

In  his  second  paper  Mr.  Stanwood  undertakes  to  supply  this 
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omission,  and  to  develop  formula^  which,  as  he  claims,  are  more 
nearly  exact. 

The  chief  criticism  which  I  have  to  make  upon  his  last  paper 
is  that,  in  taking  the  bending  of  the  rim  into  consideration,  he 
makes  use  of  an  assumption  in  regard  to  the  stretching  of  the 
arms  similar  to  that  employed  in  his  first  paper ;  and  this  error 
affects  a  great  part  of  the  formuliB  which  he  gives  in  his  second 
paper. 

Inasmuch,  however,  as  it  will  doubtless  be  of  more  interest  to 
members  of  the  Society  to  have  a  connected  discussion  of  the 
matter,  than  to  follow  out  the  differences  between  Mr.  Stanwood 
and  myself,  I  will  begin  ah  initio,  and  proceed  to  discuss  aneAv 
tlie  case  of  the  bolted  fly-wheel,  modifying  in  part,  and  repeat- 
ing in  part  what  I  said  in  the  discussion  of  Mr.  Stanwood's 
first  paper. 

What  I  have  to  say  refers  to  large  fly-wheels  made  in  sections, 
the  sections  being  bolted  together.  Sometimes  this  bolting  is 
done  half  way  between  two  consecutive  arms,  and  sometimes 
over  the  arms.  In  the  latter  case,  however,  the  amount  by 
which  the  rim  of  the  wheel  projects  beyond  the  arms  in  a  direc- 
tion parallel  to  the  shaft  is  often  so  great  that  the  outer  portion 
receives  little  or  no  reenforcement  from  the  connection  of  the 
nm  with  the  arm. 

In  both  cases  the  joint  is  almost  invariably  the  weakest  part 
of  the  structure,  and,  indeed,  if  the  stresses  in  the  different  parts 
of  the  joints  of  a  number  of  existing  fly-wheels  be  determined,  it 
will  be  found  in  many  cases  that  the  real  factor  of  safety  used 
in  their  design  is  decidedly  small. 


Z. 


n.  ^ 


c 


Fio.  63. 

Proceeding  now  to  our  discussion,  take  first  the  case  when  the 
joint  is  half  way  between  two  consecutive  arms,  and  use  the  same 
notation  that  was  employed  in  the  earlier  part  of  this  paper. 
AVo  should  first  make  the  following  calculation,  which  disregards 
whatever  effoct  tliere  may  be  duo  to  the  overhang  of  the  rim  be- 
yond the  arm  in  a  direction  parallel  to  the  shaft. 

In  Fig.  03  let  ad  =  distance  of  centre  of  gravity  of  the  rim 
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section  from  the  outside  of  the  rim ;  let  ehf  be  the  line  of  the  axis 
of  the  bolt  or  bolts,  and  c  the  lowest  point  where  the  flanges  come 
in  contact. 

The  stresses  in  the  bolts,  rim,  and  flanges  are  different  accord- 
ing as  one  or  the  other  of  the  two  following  conditions  holds,  or 
a  condition  intermediate  between  the  two,  the  extremes  occur- 
ring when 

1.  The  bolts  are  set  up  very  tightly,  and  when  the  rim  and 
flanges  are  very  stiff. 

2.  The  bolts  are  so  loose  that  the  two  parts  of  the  joint  do  not 
touch  each  other. 

Beginning  with  the  first  case  (see  Fig.  63),  we  have  for  the 
forces  acting  at  the  joint,  the  tension  T,  (applied  at  a  point  so 
near  a  that  it  will  be  practically  near  enough  to  consider  it  at  a) 
together  with  the  bending  moment  M2,  but  this  combination  is 

equivalent  to  a  single  force  T2  applied  at  ai,  where  aa^  —  ^'and  is 

-*-  2 
laid  off  outwards  from  a. 

Now,  inasmuch  as  the  fastenings  are  not  in  line  with  the  single 

resultant  force,  T-i  acting  at  Oi,  a  bending  moment  arises  in  the 

joint  which  in  this  case  is  taken  up  by  the  bolts  and  flanges  and 

not  by  the  rim  ;  and  we  consequently  have,  if  S  is  the  total  stress 

in  the  bolts,  that 

Besides  this  the  greatest  fibre  stress  in  the  flanges  should  be 
determined  from  the  bending  moment  they  have  to  bear,  but  this 
is  so  simple  a  proceeding  that  I  shall  not  stop  to  deduce  a 
formula. 

Taking  up  now  the  second  case,  when  the  bolts  are  so  loose 
that  the  two  parts  of  the  joint  do  not  touch  each  other,  we  find 
that  the  entire  discussion  of  the  stresses  that  act  in  a  solid 
pulley  no  longer  finds  any  application  here,  for  there  can  be  no 
bending  moment  Ji/a  at  the  joint. 

Hence,  in  this  case,  the  resultant  force  acting  at  the  joint  is  Fo 
(the  centrifugal  tension)  applied  so  near  a  that  we  can  consider 
it  at  a. 

Then  since  the  bolts  are  loose  the  total  stress  in  the  bolts  is 
only  Fo,  but  the  bending  moment  F^  (ah)  is  taken  up  by  the  rim. 

In  the  actual  case  the  stresses  may  be   either   of   those  de- 
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scribed  above,  or  anywhere  intermediate  between  them,  and  are 
liable  to  vary  in  their  distribution  according  to  the  speed  and 
the  consequent  amount  of  yielding  of  the  different  parts. 

After  having  made  the  calculations  described  above  which,  as 
I  said,  disregards  the  effect  of  the  overhang  of  the  rim  beyond 
the  arms,  we  should,  when  the  overhang  is  at  all  considerable, 
carry  out  a  similar  set  of  calculations  substituting  Fo  (the  centrif- 
ugal tension)  for  T,  and  the  point  of  application  a  for  a,,  thus 
determining  what  would  be  the  stresses  near  the  edge  of  the 
rim  if  the  overhang  is  so  much  that  this  is  not  reenforced  by  its 
connection  with  the  arms. 

Then  if  (as  would  probably  be  true  in  most  cases  where  the 
joint  is  between  two  consecutive  arms)  the  stresses  determined 
by  the  former  set  of  calculations  are  greater  than  those  deter- 
mined by  the  latter,  we  should  design  the  wheel  so  that  it  will 
resist  the  former  stresses  with  safety;  but  if,  as  might  happen, 
the  stresses,  or  some  of  them,  came  out  greater  in  the  latter  set 
of  calculations,  the  wheel  should  be  designed  so  as  to  bear  with 
safety  the  greatest  to  whichever  set  they  belong. 

We  will  now  proceed  to  consider  the  case  where  the  rim  joints 
are  directly  over  the  arms,  which  is  the  most  usual  case  in  large, 
built-up  fly-band  wheels. 

If  we  were  to  make  our  calculations  by  disregarding  the  ef- 
fect of  the  overhang  of  the  rim  beyond  the  arms  in  a  direction 
parallel  to  the  shaft,  L  e.,  to  determine  the  stresses  that  would 
arise  if  the  overhang  were  very  small,  we  should  find  that  the 
tension  T^  at  Of  together  with  the  bending  moment  il/j,  would  be 
equivalent  to  a  single  resultant  tension  T^  at  a  point  c^j,  which 

would  now  be  below  instead  of  above  a,  and  where  aa^=^  ;  i.  e., 

J^  1 

the  resultant  tension  would  be  T],  and  its  point  of  application, 
O],  wouUl  be  V)elow  a. 

As  long  as  this  point  a,  remained  above  h,  the  mode  of  calcu- 
lation outlined  in  the  other  case,  page  14,  line  12,  to  page  14, 
line  27,  would  apply,  while  if  the  point  a^  were  to  go  below  h  (not 
a  UHual  case  i  the  tendency  to  pivot  would  be  around  d  instead  of 
around  r. 

Thf  above  would  be  the  case  in  wheels  with  a  very  small 
overhang,  and  also  would  api)ly  to  the  portion  of  the  rim 
directly  over  thci  arms  in  those  with  a  considerable  overhang, 
except  that  the  various  modes  of  fastening  the  rim  to  the  arm 
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would  come  in  to  modify  the  calculations ;  and  it  would  be  use- 
less for  me  to  attempt  any  detailed  discussion  of  these  various 
modes  of  attaching  the  rim  to  the  arm,  as  they  all  differ  in 
detail ;  and  the  calculations  for  determining  the  stresses  in  one 
arrangement  would  not  be  suitable  for  another  arrangement. 

Next  consider  the  case  of  the  outer  edge  of  the  overhang.  Un- 
less the  flanges  or  lugs  are  so  stiff  that  their  deflection  is  so 
slight  as  not  to  allow  the  outer  edge  of  the  rim  to  increase  in 
diameter  to  the  extent  necessary  to  correspond  to  the  action  of 
the  centrifugal  tension  (with  the  effect  of  the  arms  absent),  the 
outer  edge  of  the  rim  will  be  in  the  same  condition  that  it  would 
be  if  there  were  no  arms ;  and  the  mode  of  calculation  to  be  fol- 
lowed will  be  explained  even  at  the  risk  of  seeming  repetition, 
because  this  is  one  of  the  most  frequently  occurring  cases. 

The  total  hoop  tension  in  the  rim  will  be  Fq  (the  centrifugal 
tension),  applied  at  a  point  so  near  a  (see  Fig.  63)  that  it  may 
practically  be  considered  as  applied  at  a. 

Now,  inasmuch  as  the  fastenings  are  not  in  line  with  the  force 
Fq^  a  bending  moment  arises,  and  two  cases  are  conceivable  : 

First,  that  the  bending  is  taken  up  by  the  fastenings,  i,  ^.,  the 
bolts  and  flanges,  and  not  by  the  rim. 

Second,  that  the  bending  is  taken  up  by  the  rim  and  not  by 
the  bolts. 

In  the  first  case  which  would  occur  when  the  bolts  are  set  up 
tightly,  we  should  have 

^=^»©- 

In  this  case  there  is  a  bending  moment  in  the  flange  at  h  equal 
to  Fq  {ah),  but  there  is  no  bending  moment  in  the  rim. 

In  the  second  case,  which  would  occur  if  the  two  parts  of  the 
rim  did  not  touch  each  other,  the  stress  in  the  bolts  is  only  Fo, 
but  the  bending  moment  Fq  (ab)  is  taken  up  by  the  rim. 

The  pulley  should  be  so  designed  that  the  bolts  and  flanges 
are  strong  enough  to  resist  the  stress  if  it  occurs,  as  described 
in  the  first  case,  and  that  the  rim  and  flanges  are  strong  enough 
to  resist  the  stresses  if  they  occur  as  described  in  the  second 
case. 

In  order  to  strengthen  the  rim  and  flanges  at  the  joint,  there 
should  be  a  sufficient  number  of  ribs  cast  on  the  inside  of  the 
rim ;  but  however  the  wheel  is  designed,  all  the  stresses  in  the 
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bolts,  and  the  fibre  stresses  due  to  bending  in  the  rim  and 
flanges  at  the  joint,  should  be  figured,  and  the  wheel  so  propor- 
tioned that  thoy  will  be  kept  within  safe  limits. 

If  the  flanges  were  so  very  stiff  that  they  would  not  allow  the 
outer  edtre  of  the  rim  to  expand  to  a  circle  of  the  size  corre- 
sponding to  the  action  of  the  centrifugal  tension  alone,  then  the 
stresses  at  the  edge  of  the  rim  would  be  less.  But  I  think  a 
perusal  of  tho  numerical  example  figured  out  in  the  case  of  a 
solid  pulley  will  convince  any  one  that  such  a  condition  of 
things  is  exceedingly  improbable,  and  hence  that  Mr.  Stanwood 
is  right  in  saying  in  his  last  paper  that 

"  In  practice  the  joint  should  not  be  made  of  less  strength 
than 

This  paper  is,  of  course,  only  intended  to  deal  with  the  stresses 
due  to  the  action  of  centrifugal  force  ;  but  I  will  say  a  very  few 
words  about  other  causes  of  stress. 

The  pull  of  the  band  must  cause  very  considerable  stresses 
in  the  different  parts  of  the  rim  and  arms,  and  these  stresses  will 
constantly  vary ;  but  I  shall  make  no  attempt  to  deduce  them 
here,  but  will  say  that  some  experiments  were  made  at  the  Mas- 
sachusetts Institute  of  Technology,  and  are  recorded  in  the  A.  S. 
M.  E.  Proceedings,  Vol.  X.,  p.  187,  upon  the  strength  of  pulley 
arms,  and  it  is  plain  from  those  experiments  that  the  bending 
moment  brouglit  about  on  the  arms,  in  consequence  of  the  pull 
of  tlie  belt  when  transmitting  power,  is  far  from  being  equally 
divided  among  the  arms  (as  is  often  assumed  in  books),  as  one 
arm  always  broke  first,  i.  e.,  the  arm  situated  in  one  special  po- 
sition, and  then  the  rim  broke. 


DISCUSSION. 

^fl'.  Win.  Kent.  —  \  regard  this  discussion  of  the  question  of 
strains  in  rims  and  fly-wheels  as  one  of  the  most  important  ones 
before  the  engineering  workl  to-day,  on  account  of  the  frequency 
in  recent  times  of  the  breaking  of  band  wheels.  The  discussion 
heretofore  lias  taken  a  matluiniMtical  form  entirely,  and  I  want  to 
suggest  to  thos(;  who  are  studying  it  the  possibility  of  its  taking 
an  exiK*rimental  form. 
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Fig.  64  is  a  band- wheel,  and  A  and  B  are  two  of  the  arras.  The 
line  C  D  represents  the  inner  edge  of  the  rim,  which  is  a  true  cir- 
cle when  the  wheel  is  at  rest.  We  want  to  know  what  form  it 
takes  when  the  wheel  is  running  at  different  speeds.  According 
to  Mr.  Stanwood's  idea  it  takes  a  form  like  the  dotted  line,  the 
rim  near  the  arms  expanding  a  trifle,  but  the  middle  expanding 
very  much  more.  If  we  could  know  from  experiments  what  form 
that  does  take  under  different  speeds,  we  might  then  have  more 


Fig.  64. 


Fig.  65. 


of  a  basis  on  which  to  make  calculations  than  we  now  have. 
There  are,  no  doubt,  different  ways  of  making  such  experiments, 
by  electricity  and  photograph}^,  for  instance.  But  in  the  last  few 
moments  I  have  thought  of  a  mechanical  way.  Suppose  we  attach 
little  projections  to  the  inside  of  the  rim,  as  shown  in  the  sketch  at 
a,  5,  (?,  cl^  and  little  projections  opposite  to  them  on  the  hub,  and  put 
between  these  projections  several  radial  bars  of  wood,  or  any  other 
substance.  Each  of  these  bars  is  composed  of  two  bars,  one  slid- 
ing on  the  other  (as  in  Fig.  65).  The  bars  have  little  straps  around 
them  to  hold  them  together,  bat  allow  of  their  sliding.  At  ^'is  a 
steel  pin,  pressed  down  by  a  strong  steel  spring.  As  the  wheel 
expands,  one  of  these  bars  will  slide  on  the  other,  and  this  pin  will 
make  a  little  scratch  on  a  plate  in  the  lower  bar,  the  length  of  which 
can  be  measured  with  a  microscope,  if  necessary.  If  we  speed  this 
wheel  up  to  so  many  turns  per  minute  and  measure  the  length  of 
the  scratches,  then  speed  it  up  to  other  turns  and  measure  the 
15 
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scratches  each  time,  and,  finall^^  put  a  bomb-proof  around  it  and 
bui"st  it,  we  can  get  all  the  data  necessary  to  determine  the  form 
of  the  wheel  at  different  speeds. 

Prof.  J).  S.  Jacobus. — The  results  given  by  Professor  Lanza  are 
the  same  as  those  given  by  Professor  Unwin,  if  the  length  of  the 
spokes  of  the  fly-wheel  are  assumed  to  be  equal  to  the  radius  of 
the  wheel.  Professor  Lanza  has  eliminated  one  approximation 
made  by  Professor  Unwnn,  but  he  has  ignored  another,  which  may 
tend  to  counterbalance  the  one  he  has  removed.  Again,  Professor 
Lanza  assumes  a  parallel  spoke,  which  is  far  from  the  truth  in 
larire  wheels,  where  an  exact  analvsis  is  the  most  desired.  It  is 
])robable  that  in  many  cases  the  approximation  involved  in  esti- 
mating the  equivalent  parallel  spoke  \y\\\  be  greater  than  the 
approximation  involved  in  assuming  the  length  of  the  spoke  to 
equal  the  radius  of  the  wheel.  The  approximation  Avhich  Profes- 
sor Lanza  has  ignored  may  be  found  in  the  equation  preceding 
Equation  12.  In  obtaining  the  extension  of  the  arm  at  this  point 
in  the  analvsis,  it  is  virtuallv  assumed  that  the  rim  of  the  wheel 
remains  circular,  whereas,  in  an  exact  solution,  the  true  equation 
of  the  curve  of  flexure  of  the  portion  of  the  rim  between  two 
spokes  should  be  used.  If  Professor  Lanza  wishes  to  demonstrate 
that  his  analysis  is  more  exact  than  Professor  Unwin's,  he  should 
remove  tliis  as  well  as  all  other  approximations  before  making  a 
comparison,  for  one  approximation  may  tend  to  balance  the  other. 
Another  element  which  is  not  included  in  either  Professor  Unwin's 
or  Professor  Lanza's  analysis  is  the  effect  of  a  sudden  variation  of 
load,  which  appears  to  produce  an  important  action,  as  many  fly- 
wheel accidents  have  occurred  when  the  load  was  irregular,  or 
when  there  was  a  sudden  accidental  change  in  the  load.  Lentil  it 
can  be  shown  that  the  introduction  of  all  these  elements  will  not 
affect  the  final  results,  it  cannot  be  said  that  Professor  Lanza's 
change  in  T'nwin's  analysis  has  improved  the  latter. 

P/'^//*.  Oaetano  Lanza.'*' — Mr.  Kent  is  perfectly  right  in  urging 
tlie  importance  of  making  experimental  investigations  of  the 
chanfre  of  form  and  dimensions  of  the  rim  and  arms  of  fl3^-w^heels 
at  different  speeds;  and,  as  I  intend  to  attempt  some  such  experi- 
ments, I  liave  given  more  or  less  thought  to  the  manner  of  carry- 
ing them  out. 

That  the  work  will  involve    the   measurement  of  very  small 
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quantities  is  evident,  and  that  apparatus  of  very  great  delicacy 
Avill  be  necessary.  Hence,  it  is  not  possible  to  assert  that  any 
one  method  proposed  will  be  a  success,  until  an  actual  trial  has 
developed  the  difficulties  involved  in  its  use. 

The  remarks  of  Professor  Jacobus  about  parallel  versus  taper- 
ing arms  are,  it  seems  to  me,  answered  by  the  clause  in  the  paper 
beginning  on  page  2U,  at  the  middle  of  line  18,  and  ending  at 
the  middle  of  line  20,  inasmuch  as  it  is  not  the  object  of  the 
paper  to  furnish  formulae  adapted  to  all  cases,  but  to  explain 
how  the  calculations  should  be  made. 

That  the  effect  of  a  sudden  variation  of  load  should  be  con- 
sidered in  the  design  of  a  fly-wheel,  will  be  found  to  have  been 
already  stated  on  page  209,  lines  7  and  8,  of  the  paper,  while  on 
page  209,  line  11,  it  is  also  stated  that  the  paper  itself  is  only 
intended  to  study  in  detail  the  stresses  due  to  centrifugal  force. 

The  only  remaining  criticism  to  be  found  in  the  remarks  of 
Professor  Jacobus  is  contained  in  the  following  clause  of  his 
discussion,  viz. :  "  In  obtaining  the  extension  of  the  arm  at  this 
point  in  the  analysis  it  is  virtually  assumed  that  the  rim  of  the 
wheel  remains  circular,  whereas,  in  an  exact  solution,  the  true 
equation  of  the  curve  of  flexure  of  the  portion  of  the  rim  between 
two  spokes  should  be  used."  In  regard  to  this  I  will  say  that  it 
seems  to  me  that  any  one  who  will  seriously  make  the  attempt  to 
examine  in  detail  what  are  the  modifications  which  will  be  required 
in  my  equations,  in  order  to  make  the  anal3^sis  include  this 
refinement,  will  soon  satisfy  himself  that  the  percentage  of  error 
due  to  neglecting  it  will  be  very  small  indeed  ;  and  not  at  all 
comparable  with  the  error  which  I  have  eliminated,  and  which, 
in  the  case  of  the  pulley  computed,  w^as  about  twenty -five  per 
cent. ;  indeed,  it  seems  to  me  that  it  would  hardly  be  possible, 
in  the  case  of  any  reasonably  w^ell-proportioned  pulley,  for  it  to 
reach  as  high  a  value  as  three  per  cent. 

In  closing,  it  may  be  well  to  add  that  an  examination  of  a 
number  of  fly-wheels  has  shown  me  that  one  of  the  pkices  where 
the  builders  have  been  especially  liable  to  leave  structural  weak- 
ness is  in  the  outer  portions  of  the  rim  joints,  in  cases  where  the 
rim  joints  are  directly  over  the  arms,  and  where  there  is  a  con- 
siderable overhang ;  whereas,  this  source  of  Aveakness  could  have 
been  easily  detected  by  the  method  shown  on  page  223,  beginning 
at  line  6. 
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BY   0.    M.    SINCLAIR,   PHILADELPHIA,  PA. 

(Member  of  the  Society.) 

The  closing  decades  of  the  nineteentli  century  have  seen 
wrought-iron  practically  driven  out  of  our  markets  and  supplanted 
by  steel.  So  rapid  has  been  this  change,  that  many  users  and 
even  producers  have  not  thoroughly  grasped  the  distinguishing 
characteristics  of  the  latter  metal  and  their  influence,  and  the 
extension  of  the  use  of  steel,  rapid  as  it  has  been,  has  been 
somewhat  retarded  by  costly  errors  due  to  this  cause. 

We  purpose  to  note  some  of  the  general  principles  controlling 
the  manufacture  and  use  of  steel  forgings.  A  forging  may  be 
good  or  bad,  independent  of  its  material.  We  shall  avoid 
metallurgical  questions,  and  take  only  what  may  be  called  the 
mechanical  view  of  the  subject.  This  will  exclude  questions  of 
composition  and  many  other  interesting  and  important  subjects. 
By  "  steel,"  the  ordinary  carbon  steel  is  referred  to,  although 
the  statements  made  apply  with  equal  force  to  many  or  all  of 
the  numerous  other  varieties. 

The  first  point  to  be  considered  is  the  design  of  the  forging. 
Iron  forgin^rs  are  essentially  built  up.  It  follows  that  great 
irregularities  of  shape  are  of  small  moment,  so  far  as  the  manu- 
facture is  concerned.  A  steel  forging,  on  the  other  hand,  is 
made  from  an  ingot,  which  at  the  outset  must  be  sufficiently 
large  in  section  to  make  the  largest  part  of  the  desired  forging 
out  of  it.  It  cannot  be  enlarged  in  section  except  in  minor  cases, 
when  it  may  V)e  upset  or  have  a  piece  welded  on.  But  it  is 
highly  oljjectionaVjle  to  Aveld  in  steel,  especially  where  any  strain 
is  put  on  the  weld.      With   some   grades  of  steel,  welds   are 
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altogetlier  out  of  the  question,  and  even  with  soft  steels  they  are 
undesirable.  Cases  may  be  met  with,  however,  in  which  it  is 
desired  to  fill  out  a  forging  at  a  point  where  no  stress  of  im- 
portance will  come,  as,  for  instance,  to  form  a  boss  to  carry  an 
oil-cuj),  when  a  piece  of  iron  or  soft  steel  may  be  *'  jumped  "  on 
in  preference  to  making  a  set-down.  As  a  rule,  however,  avoid 
all  welds.  The  designer  must  remember  the  conditions,  which 
are  mainly  these  :  An  ingot  of  practically  uniform  section  to 
start  with,  and  a  material  which  demands  as  few  heats  as  possible 
and  does  not  permit  of  welds.  It  follows  that  he  must  make  his 
design  as  simple  and  uniform  as  possible,  avoiding  large  collars, 
arms,  sharp  set-downs,  and  other  irregularities  of  form.  In 
return  he  will  get  a  forging  which  has  been  finished  in  a  few 
heats,  at  low  cost,  accurate  to  size,  and  giving  the  machine  shop 
a  minimum  of  work. 

The  design  completed  and  furnished  to  the  forge-master,  the 
billet  or  ingot  is  selected,  and  goes  into  the  heating  furnace. 
What  is  the  condition  of  an  ingot?  After  being  cast  it  has 
cooled  rapidly  from  the  outside.  Since  the  heat  of  the  interior 
has  passed  off  through  the  outer  portions  of  the  mass,  the  in- 
terior has  necessarily  been  at  a  higher  temperature  than  the  sur- 
face during  the  entire  cooling  process,  and  the  more  rapid  the 
cooling  the  greater  the  difference  of  temperature  between  the  ex- 
terior and  interior.  The  surface  has  finally  set  rigidly  while  the 
interior  was  plastic  or  even  fluid.  While  the  interior  is  still 
fluid  the  shrinkage  at  the  lower  portion  of  the  ingot  is  fed  from 
above.  Frequently  this  is  at  the  expense  of  a  hole,  or  "  pipe," 
at  the  upper  end  ;  but  even  if  the  ingot  when  cooled  is  solid 
throughout,  the  metal  is  under  stress.  It  is  as  if  a  quantity  of 
steel  were  put  into  a  rigid  shell  too  big  for  it,  and  were  stretched 
out  in  all  directions  to  fill  it.  Now  supj)ose  this  rigid  shell  is 
expanded  by  heat  so  quickly  that  the  heat  is  not  transmitted  in 
any  appreciable  amount  to  the  interior.  It  follows  that  this  in- 
terior portion  must  immediately  stretch  more  in  every  direction, 
or  it  will  not  fill  the  interior  of  the  shell.  So  the  interior  of  an 
ingot  is  under  stress  when  put  into  a  heating  furnace,  and  these 
stresses  are  increased  as  its  exterior  is  expanded.  If  the  heat- 
in^  is  not  done  si  owl v,  so  that  before  much  additional  stress  is 
induced  the  interior  has  acquired  heat  and  begun  to  expand, 
and  the  whole  ingot  is  thus  gradually  brought  to  a  plastic  con- 
dition, there  may  be  internal  cracks  in  the  ingot  when  it  goes  to 
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the  forge.  This  danger  is  not  great  with  small  ingots,  but  large 
iuixots  will  sometimes  crack  a\  ith  a  noise  like  a  bell  while  still 
almost  cold. 

To  heat  slowly,  and  at  the  same  time  economically,  requires 
careful  consideration  in  designing  the  furnace.  Some  furnaces 
under  favorable  conditions  will  heat  ten  pounds  or  even  more 
for  one  pound  of  fuel.  There  are  other  furnaces  in  use  which  do 
not  do  better  than  pound  per  pound.  If  very  large  pieces  are 
to  be  heated,  requiring  high  temperatures  for  a  long  time,  the 
regenerative  form  of  furnace  will  effect  great  economy  of  fuel. 
If,  on  the  other  hand,  a  great  number  of  small  pieces  are  handled, 
the  furnace  might  be  made  long,  and  the  work  passed  gradu- 
ally from  the  cool  end  to  the  hot  end.  This  is  a  form  of  con- 
tinuous furnace  with  many  advantages,  but  with  any  furnace, 
a  mild,  reducing  flame  must  be  kept  to  avoid  '* burns"  and 
scaling.  The  ideal  way  of  heating  is  to  reverse  the  operation  of 
cooling,  that  is,  heat  from  the  inside  outwards.  With  present 
appliances  this  is  not  possible,  except  with  bored  ingots,  which 
are  used  only  for  hollow  forgings.  Perhaps  our  electrical  friends 
will  perfect  a  system  by  which,  for  example,  we  shall  wrap  an 
ingot  in  asbestos,  run  two  poles  up  against  the  ends,  turn  a 
switch,  and  find  our  ingot  heating  rapidly,  safely,  and  with  almost 
no  loss  from  scaling.  In  such  a  system,  the  expense  of  a  furnace 
would  be  offset  by  that  of  boilers,  engines,  and  dynamos ;  but  it 
would  be  rash  to  say  that  this  may  not  be  the  method  of  the 
future,  even  for  large  work.  This  operation  of  heating  is 
the  first  one  which  the  forge  undertakes,  and  is  one  where,  in  the 
majority  of  cases,  a  considerable  saving  could  be  effected.  The 
requisites  for  that  object  are  primarily  a  well  designed  and  con- 
structed furnace,  and,  secondarily,  intelligence  in  using  it.  No 
fixed  rules  can  be  given  to  fit  all  cases,  but  each  must  be  care- 
fully studied. 

In  the  manufacture  of  a  forging,  the  forging  process  itself 
furnishes  the  most  obvious  field  for  introducing  economies  and 
safeguards,  and  has,  therefore,  probably  received  most  attention. 
To  change  the  form  of  a  mass,  tliere  must  be  a  flowing  of  par- 
ticles over  one  another  against  a  certain  amount  of  resistance. 
Time  is  an  essential  factor  of  this  flowing.  In  making  a  forging, 
therefore,  we  have  a  force  acting  through  space  during  time,  and 
all  three  factors,  the  force,  the  space,  and  the  time,  are  variable. 
Bearing  in  mind  these  general  considerations,  a  few  words  on  the 
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relative  merits  of  the  steam  hammer  and  the  hydraulic  forging 
press  will  not  be  out  of  place.  The  action  of  the  hammer  differs 
from  that  of  the  press  mainly  in  the  time  effect  of  the  blow. 
Suppose  a  similar  blow  from  the  two  machines,  that  is,  the  same 
area  and  mass  of  metal  deformed  to  the  same  extent.  Then,  in 
the  case  of  the  hammer,  the  energy  of  the  falling  mass  is  absorbed 
by  the  metal  in  a  very  short  time,  in  which  the  velocity  is  re- 
duced from  the  maximum  to  nothing.  For  our  comparison,  take 
that  type  of  press  in  which  the  pumps  deliver  direct  to  the 
cylinder.  There  we  have  the  falling  weight  of  the  hammer 
paralleled  by  a  revolving  fly-wheel;  and  the  steam  in  the 
cylinders  of  the  engines  acting  during  the  blow  would  cor- 
respond to  top  steam  in  the  hammer.  The  "  work  "  in  the  press, 
however,  would  not  absorb  the  entire  energy  of  the  fly-wheel,  for, 
of  course,  the  water  will  be  shut  off  before  the  engines  are 
stopped.  The  duration  of  the  blow  is  greatly  lengthened,  and 
the  velocity  of  the  die  is  much  less  than  that  of  the  fly-wheel ; 
but,  as  in  the  hammer,  there  is  a  retardation  from  the  time  the 
die  touches  the  metal  until  the  deformation  is  completed.  The 
nearer  the  blow  to  the  capacity  of  the  press,  the  greater  the  re- 
tardation; and  the  farther  from  that  limii,  the  more  nearly  uni- 
form the  velocity  of  the  blow.  In  fact,  the  hammer  becomes  a 
press  when  the  tup  is  so  heavy  that  it  does  its  work  without 
any  fall ;  and  the  press  would  be  a  hammer  in  effect  if  the  stored 
energy  of  the  fly-wheel  were  transmitted  so  directly  as  to  be 
absorbed  in  the  same  time  as  the  energy  of  the  falling  tup  of  the 
hammer.  While  such  construction  is  impracticable,  the  illus- 
tration shows  that  within  limits  the  two  systems  do  approach 
each  other  in  every-day,  practical  work.  To  sum  up,  it  may  be 
said  the  press  differs  from  the  hammer  in  that,  by  the  interme- 
diary of  water  and  the  enlargement  of  the  water  passage  at  the 
cylinder  of  the  press,  we  retard  the  blow  and  extend  its  effect 
over  a  much  greater  time. 

This  being  the  difference  of  action  of  the  two  systems,  which 
will  give  a  better  product  ?  Theoretically,  under  the  press,  the 
particles  having  ample  time  to  flow,  the  treatment  is  not  so 
severe.  Practically,  however,  under  a  hammer  properly  propor- 
tioned to  the  work,  the  particles  have  then  likewise  "  ample 
time  "  to  flow.  In  other  words,  the  press  takes  a  needlessly  long 
time  to  effect  the  deformation.  Of  course  we  refer  only  to 
steel.     Other  materials  may  require  all  the  time,  or  even  more, 
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tor  det'ormatioD,  which  they  would  have  under  the  press  as  now 
constructed.  But  for  steel,  the  product  of  the  hammer  is  equal, 
if  not  superior,  in  quality  to  that  of  the  press.  There  is,  how- 
ever, a  cliance  for  bad  practice  in  the  use  of  hammers  which 
does  not  exist  with  presses.  A  light  hammer  driven  at  a  high 
velocity  expends  its  energy  on  the  surface  of  the  forging.  The 
interior  not  only  is  not  compacted  and  worked,  but  it  is  actually 
opened  up  and  even  ruptured.  Hammered  forgings  may  be  so 
made,  and  may  in  use  have,  or  soon  develop,  bad  internal 
cracks.  With  the  press  this  is  impossible,  and  this  fact  is,  to  a 
certain  extent,  a  guarantee  of  quality  to  the  user  of  hydraulic 
pressed  forgings. 

It  is  the  distinction  in  the  operation  of  light  and  heavy 
hammers,  above  noted,  which  has  given  rise  to  the  prejudice  often 
found  against  top  steam.  This  prejudice  has  little  foundation, 
and  it  would  be  a  mistake  to  build  a  hammer  for  general  forging 
purposes  without  top  steam.  It  is  the  unfortunate  property  of  all 
steam  hammers  that  the  larger  the  forging,  and  therefore  the 
greater  the  power  required,  the  less  power  is  there  available,  since 
tlio  large  size  of  the  forging  reduces  the  stroke  of  the  hammer. 
Top  steam  enables  the  hammer  in  effect  to  lengthen  its  stroke. 
That  is,  it  will  give  the  tup  at  part  stroke  the  same  velocity 
that  it  would  acquire  by  gravity  at  full  stroke.  This  gives  the 
hammer  vastly  greater  range  without  necessarily  trespassing 
on  the  forbidden  ground  of  high  velocities.  Further,  it  in- 
creases the  product,  for  a  greater  number  of  blows  can  be  given 
in  the  same  time  than  with  a  hammer  actuated  only  by  gravity. 
The  use  of  top  steam  is  legitimate  ;  its  abuse  must  be  guarded 
against. 

The  advantages  of  the  press  over  the  hammer  rest  chiefly  on 
merits  appealing  to  the  manufacturer  of  forgings.  Except  for 
some  varieties  of  plain  work,  the  best  designed  presses  are 
quicker  than  hammers,  their  running  expenses  are  less,  and, 
above  all,  owing  to  the  absence  of  shock,  they  are  much  more 
/iifirhnniral  tools,  foigings  being  turned  out  from  them  with 
precision  and  ease  which  could  not  possibly  be  made  at  a 
liaramer.  These  advantages  can  scarcely  be  overestimated. 
Pfrhaps  the  severest  criticism  brought  against  the  press  is  the 
comparatively  high  heat  at  which  forgings  are  finished.  As  all 
forgings  are  or  sliould  be  annealed  before  being  put  into  use, 
this  criticism  has  little  force. 
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Whether  the  forging  is  made  by  a  press  or  by  a  hammer, 
the  virtues  or  faults  of  the  design  must  be  considered  by  the 
hammer  man.  Before  beginning  work  he  must  plan  it.  All 
reheating,  and  specially  reheating  of  finished  parts,  must  be 
avoided.  It  is  time  well  spent  to  think  out  every  operation  be- 
forehand, to  have  dimensions  calculated,  and  templets  prepared 
for  various  critical  points  of  the  manufacture,  and,  in  short,  so 
to  prepare  that  almost  any  contingency  which  may  arise  has 
been  foreseen.  When  a  piece  is  heated  and  brought  to  the 
hammer  or  press,  there  is  no  time  for  deliberations  and  con- 
sultations. If  they  become  necessary,  it  is  at  the  expense  of 
the  economy  and  quality  of  the  work. 

The  forging  being  made,  it  remains  to  "  treat "  it.  The  usual 
treatment  is  annealing  or  oil-tempering  and  annealing.  Exactly 
what  takes  place  in  a  piece  of  steel  submitted  to  these  processes 
is  not  certainly  known,  but  the  physical  results  are  pretty  well 
understood.  In  most  cases  the  treatment  will  consist  only  of 
annealing.  Formerly  the  annealing  process  was  a  very  perfunc- 
tory operation,  and  frequently  was  omitted  altogether.  To-day 
it  is  generally  and  rightly  regarded  as  important.  All  steel 
comes  from  the  hammer  or  press  with  internal  stresses  more  or 
less  severe.  The  particles  are  in  a  disturbed  condition,  and  can- 
not adjust  themselves  while  the  metal  is  cold  ;  at  least,  not  in  a 
reasonable  time.  Annealing  relieves  these  stresses.  It  will  also 
break  up  crystallization  more  or  less  effectively.  The  effect  of 
annealing  is  shown  by  the  testing-machine  by  a  reduction  in 
tensile  strength  and  increase  in  extension.  To  anneal  prop- 
erly, furnaces  for  the  purpose  should  be  used.  The  old  method 
of  burying  in  lime  or  ashes,  though  beneficial,  is  uncertain  and 
incapable  of  accurate  results.  The  design  of  the  annealing  fur- 
nace, like  the  heating  furnace,  is  capable  of  much  variation,  and 
for  best  results  must  be  made  to  suit  the  peculiarities  of  each 
case.  The  fuel  may  be  wood,  coal,  gas,  or  oil.  The  essential 
characteristics  are,  that  it  shall  enable  the  work  being  treated 
to  be  brought  up  to  any  desired  temperature  slowly  and  uni- 
formly, and  again  cooled  in  the  same  manner.  With  these  two 
points  provided  for,  all  other  devices  and  arrangements  of  fur- 
nace for  facilitating  work  and  for  economy  may  be  introduced. 
For  high-class  work,  the  temperatures  of  the  furnace,  composition 
of  the  metal,  and  physical  tests  must  be  noted.  In  fact,  no  one 
at  this  time  can  hope  to  compete  for  high-grade  work  without 
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the  free  use  of  the  chemical  Laboratory  and  testing-machine,  and 
making  and  preserving  more  or  less  elaborate  records. 

There  is  a  great  variety  of  other  processes  by  which  forgings 
may  be  treated,  such  as  case-hardening,  Harveyizing,  hardeniijg 
in  water,  oil  tempering,  etc.  ;  but  the  last  mentioned  is  of  more 
general  applicability  than  any  of  the  others,  and  we  shall  close 
by  a  reference  to  it.  Its  most  obvious  effect  on  steels  having  a 
moderate  percentage  of  carbon  seems  to  be  of  a  physical  charac- 
ter analogous  to  forging.  The  sudden  contraction  due  to  the 
chilling  of  the  surface  compacts  the  metal  and  breaks  up  crys- 
tallization. At  the  same  time  the  suddenness  of  the  cooling  in 
itself  has  a  tendency  to  check  or  prevent  the  formation  of  crys- 
tals. It  is  evident  from  the  above,  and  also  from  experience,  that 
tlie  thicker  the  metal  the  less  will  be  the  effect  of  the  oil-tem- 
pering, and  at  no  very  great  thickness  the  metal  in  the  interior 
will  be  little  affected.  It  is  also  evident  that  for  very  irregular 
shapes  the  process  is  not  applicable.  For  cylindrical  pieces,  and 
especially  for  hollow  cylinders,  it  is  a  most  beneficial  operation. 
A  coarse  crystalline  structure  is  readily  changed  to  a  fine  homo- 
geneous quality.  The  most  marked  effect  of  oil-tempering  and 
annealing  on  steel  is  the  raising  of  the  elastic  limit.  This  is 
accompanied  by  a  moderate  gain  in  tensile  strength  and  a  slight 
loss  in  ductility ;  but  both  these  results  are  secondary  in  impor- 
tance and  amount  to  the  effect  on  the  elastic  limit.  "Gain"  and 
'*  loss  "  above  are  taken  with  reference  to  the  same  steel  thor- 
oughly annealed,  but  not  oil-tempered,  and  also  it  is  to  be  noted 
that  oil-tempering  should,  except  in  particular  cases,  be  fol- 
lowed by  annealing. 

Tlie  application  of  this  treatment  is  now  universally  adopted 
for  guii  forgings,  and  has  extended  from  that  to  large  shafting 
and  similar  work,  and  is  now  also  used  for  armor  plate.  The 
details  of  tempering,  whether  double  or  single,  at  what  tem- 
perature, etc.,  depend  on  circumstances.  In  general,  the  plant 
necesHary  consists  (jf  a  furnace  for  heating  capable  of  giving  the 
forging  a  high  uuiform  temperature,  a  tank  of  oil,  and  proper 
hoisting  and  conveying  machinery  to  pass  the  work  quickly 
from  tlie  furnace  to  the  tank.  It  is  to  be  noted  that  the  heating 
in  this  case  is  of  an  intermittent  character,  and  the  furnace  will 
Ixi  designed  with  that  in  view.  Oil-tempering  opens  the  way  for 
a  bad  practice  which  is  not  always  avoided  as  it  should  be,  and, 
in  fact,  is  not  always  recognized  as  such.     We  refer  to  the  selec- 
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tion  of  a  very  soft  steel  for  the  forging,  and  tempering  up  to  fill 
specifications.  This  is  sometimes  carried  to  such  an  extent  that 
the  final  annealing  is  so  slight  as  to  be  a  farce.  While  oil-tem- 
pering benefits  the  metal,  it  leaves  it  with  considerable  internal 
stress  which  should  be  relieved  by  an  effective  annealino-.  At 
the  outset,  therefore,  a  sufficiently  high  grade  of  steel  should  be 
selected  to  permit  of  thorough  final  annealing. 


DISCUSSION. 

Mr.  Wm.  Kent— I  would  be  glad  if  Mr.  Sinclair  would  add  a 
few  more  details,  such  as:  When  you  are  going  to  oil-temper  a 
forging,  First,  what  carbon  should  that  forging  have  ?  Second, 
what  will  be  the  tensile  strength  and  elongation  (1)  of  the  original 
steel  in  the  ingot,  (2)  when  it  is  forged,  (3)  when  it  is  oil-tempered, 
and  finalh^  when  it  is  annealed  ?— so  as  to  show  the  gradations  that 
the  steel  goes  through.  Also,  he  speaks  of  hammer  bars  and 
other  things  to  resist  shock.  I  would  like  to  know  what  carbon 
and  what  treatment  he  would  recommend  for  a  piece  of  steel 
desio:ned  to  resist  shock  to  the  utmost  deo-ree. 

21r.  Geo.  2L  Sinclair.^ — The  gentleman  outlines  sufficient  work 
for  a  number  of  papers.  We  started  out  with  the  statement 
that  we  should  avoid  questions  of  composition.  In  general,  there- 
fore, we  may  say,  in  regard  to  the  first  question,  that,  under  proper 
conditions,  all  grades  of  steel  used  in  forgings  may  be  oil-tempered, 
but  whether  it  is  desirable  in  any  particular  case  or  not  must  be 
determined  by  the  engineer.  In  regard  to  the  second  question,  it 
should  be  noted  that  not  only  differences  in  composition  but  also 
differences  in  the  method  and  operations  of  manufacture  affect 
the  results  obtained  by  physical  test ;  so  that  even  if  made  from 
steel  from  the  same  ingot,  two  untreated  forgings  may  differ 
greatly,  and  by  treatment  they  may  be  brought  to  the  same  con- 
dition, or  to  different  conditions,  as  may  be  desired.  The  extension 
of  the  application  of  oil-tempering  to  pieces  of  more  complicated 
shape,  as  instanced  in  the  forked  connecting-rods  for  the  engines 
of  the  torpedo  boats  for  the  United  States  iS^avy,  for  which  bids 
have  recently  been  asked,  and  to  pieces  designed  to  sustain  shock, 
is  interesting.  In  regard  to  the  latter  we  shall  only  add  that 
shocks  vary  in  character  and  should  be  treated  accordingly.     It 

*  Author's  closure,  under  the  Rules. 
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is  a  fact  that  a  hannuer  bar  of  about  0.40  per  cent,  carbon  and 
oil-tempered  gave  much  better  results  than  one  of  about  the  same 
carbon,  not  oil-tempered  ;  but  it  does  not  follow  that  a  more  suitable 
steel  could  not  be  used.  These  questions  may  perhaps  form  the 
basis  of  further  papers,  when  more  time  can  be  given  to  their  con- 
sideration than  is  now  available. 
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DCXXIII.* 
STRENGTH   OF  RAILWAY  CAR  AXLES. 

BY   L.    S.    KANDOLPH,   BLACKSBURG,    VA. 

(Member  of  the  Society.) 

The  writer,  a  few  years  ago,  made  some  calculations  of  tlie 
strains  upon  the  axles  of  freight  cars,  which  seemed  to  be  of 
sufficient  interest  to  be  presented  to  the  Society. 

The  static  load  on  the  journal  of  a  loaded  60,000  pounds' 
capacity  freight  car  is  as  follows ; 

Load 60,000  pounds. 

Weight  of  car 27,000 

87,'  00 
Deduct  8  wheels  and  4  axles 6,800 

8780,200 

Load  on  each  journal 10,000 


(< 


n 


This  is  constant,  and  may  be  taken  as  the  minimum  static  load 
on  the  journal. 

This  load,  while  acting  constantly,  would  be  of  the  nature 
of  an  intermittent  or  repeated  load,  the  load  being  applied  first  in 
one  directioii,  as  regards  any  one  set  of  extreme  fibres,  and  then 
in  the  other. 

The  experiments  of  Wohler  and  Spangenburg  give  for  the  ulti- 
mate strength,  under  these  conditions,  for  wrought  iron,  17,600 
pounds,  Krupp's  axle  steel,  30,800. 

Taking  the  safe  number  of  vibration  at  30,000,000,  we  find  that 
a  33-inch  wheel  under  a  freight  car,  with  an  average  of  thirty 
miles  per  day,  would  make  about  6,720,000  revolutions,  or  would 

*  Presented  at  the  New  York  meetiu<?  (December,  1894)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Trans- 
actions. 
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bo  worn  out  in  about  five  years,  if  the  metal  was  strained  to 
the  limits  ^ijiven. 

The  springs  used  by  a  number  of  our  railroads  are  so  arranged 
that  the  dellection  under  the  static  load  is  about  half  the  total 
deduction.  The  writer  has  observed  a  number  of  these  springs 
which  have  been  forced  solid.  This  would  give  a  load,  when  the 
spring  was  thus  forced  down  until  the  coils  touched,  of  20,000 
pounds.  What  the  load  would  become  when  the  oscillations 
were  more  than  enough  to  force  the  spring  solid,  it  would  be 
iin]iossible  to  say. 

The  writer's  observations  have  shown  that  the  springs  are  con- 
stantly deflected  to  a  point  midway  between  the  loaded  and  solid 
height,  giving  a  load  of  15,000  pounds  on  the  journal. 

The  centrifugal  force  of  a  freight  car  on  a  six-degree  curve,  at 
twenty  miles  per  hour,  would  give  about  300  pounds  for  the 
pressure  on  the  flange. 

Scheffler  gives  as  the  results  of  his  experiments,  that  the  oscil- 
lations may  give  a  horizontal  component  of  forty  per  cent,  of  the 
static  load;  this  would  give  about  the  same  figure  as  above, 
namely,  15,000,  and  would  be  much  greater  than  that  due  to  the 
centrifugal  force. 

We  would  have  then  the  loads  on  the  journal  as  follows : 

Static  load 10,000 

Loal  repeatedly  occurring. , . . .      15,000 

Load  with  springs  solid 20,000 

The  movements  of  these  applied  loads  would  follow  the  lines 
shown  on  the  diagram.    (Fig.  66.) 

Using  the  formula  for  the  moment  of  resistance  of  a  circu- 
lar section  .{V  7t  d'  T,  we  would  get  the  lines  shown  in  the 
diagran)  for  values  of  7' of  18,000  and  30,000  pounds  per  square 
incli.  Line  A  gives  the  moment  of  resistance  for  stress  of 
18,0)0  pounds  per  square  inch.  Line  B  gives  the  moment  of 
reHistance  for  stress  of  30,000  pounds  per  square  inch.  Line  C 
gives  the  moment  of  resistance  for  stress  of  30,000  pounds 
per  square  inch  when  the  journal  is  worn  down  to  the  limit  of 
tliffo  and  one-half  inches  ;  and  line  /)  gives  the  moment  of  re- 
sistance for  stn?ss  of  18,000  pounds  per  square  inch  under  the 
same  conditions. 

Ef  Ff  and  6r,  =  the  moment  of  the  applied  forces  for  loads  of 


fl 
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20,000  pounds,  15,000  pounds,  and  10,000  pounds  respectively 
on  the  journal. 

The  calculations  of  a  large  number  of  broken  axles  have  indi- 
cated, though  not  definitely  proved,  that,  when  the  moment  of 
resistance  approached  the  moment  of  the  applied  forces,  break- 
ages became  very  frequent. 

The  fractures  in  a  Urge  number  of  axle  breakages  examined 
by  the  writer  have  been  where  the  wheel-seat  joins  the  tapered 


Fig.  66. 

portion  of  the  axle,  and  were  undoubtedly  due  to  the  scoring 
of  the  axle  at  that  point  by  the  tool. 

The  others  were  about  evenly  divided  between  the  centre  of 
the  axles  and  the  junction  of  the  journal  with  the  axle,  indicat- 
ing weakness  at  these  points. 

It  will  be  noticed  that  the  lines  of  the  moments  of  applied 
forces  approach  more  nearly  to  the  lines  of  the  moments  of 
resistance  at  these  points. 
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The  only  cases  of  breakage  in  the  tapered  portion  between 
the  wheel-seat  and  the  centre  of  the  axle  which  have  been  ob- 
served by  the  writer,  have  invariably  been  due  to  flaws  in  the 
material,  and  they  have  been  very  few  in  number. 

It  will  be  noticed  that  the  lines  of  the  moments  of  applied 
forces  are  horizontal  between  wheel-seats.  This  would  indicate 
that  the  axle  should  be  made  the  same  (Jiameter  in  the  centre 
as  at  the  wdieel-seat.  The  observations  above,  on  breakage  of 
axles,  also  lead  to  the  same  conclusion. 

Mr.  Grafstrom  has  shown  that  the  action  of  the  horizontal 
force  due  to  oscillation  gives  the  tapered  form,  shown  for  the 
central  point  of  the  axle. 

The  question  would  then  seem  to  lie  between  the  horizontal 
oscillations  and  the  vertical.  Scheffler  says  the  horizontal  com- 
ponent may  reach  forty  per  cent  of  the  vertical  force.  The  obser- 
vations of  the  writer  are  that  the  vertical  load  may  be  increased 
100  per  cent,  by  vertical  oscillation.  The  writer  believes,  from  the 
observations  so  far  made,  that  the  latter  are  greater,  and  should 
govern  the  design  of  the  axle ;  but  it  would  require  a  far  more 
extensive  series  of  observations  than  he  has  been  able  to  make 
to  definitely  settle  the  matter. 

The  figure  given  for  the  strength  of  steel  under  repeated 
strain,  is  from  Wohler  and  Spangenburg's  experiments,  and  was 
for  steel  of  about  85,000  pounds  per  square  inch  ultimate  tensile 
strength. 

This  figure  cannot  be  said  to  represent  the  correct  values  for 
steel  axles  under  repeated  loads,  although  the  figures  for  iron 
may  be  taken  as  correct. 

A  majority  of  the  steel  axles  made  to-day  are  accepted  on  the 
result  of  the  drop  test,  which  test  can  be  passed  most  success- 
fully by  the  mildest  or  softest  grades  of  steel  axles,  and  these 
are  certainly  below  the  tensile  strength  of  the  axle  steel  tested 
by  W«">lder,  and  must  consequently  give  less  resistance  to  re- 
peated loading. 

What  diff(-rence  there  would  be  between  the  different  grades  of 
Hteel  used  for  machinery,  cannot  safely  be  predicated  from  the 
tensile  strengtli,  as  the  results  so  far  obtained  do  not  show  any 
very  definitr^  relation  between  the  strength  under  static  load  and 
under  repeated  load. 

The  rpiostion  of  the  durability,  or  number  of  repeated  load- 
ings, which  the  material  will  stand,  is  one  on  which  very  little 
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real  information  is  obtainable.  The  writer  has  taken  30,000,000 
repetitions  of  the  loading,  as  the  number  required  to  break  the 
axle  when  under  the  ultimate  stresses  allowed  for  repeated  load- 
ing. That  there  is  very  great  uncertainty  about  the  matter, 
goes  without  saying. 

There  are  two  methods  of  determining  the  life  of  an  axle  :  one 
by  the  mileage,  and,  consequently,  by  the  number  of  revolutions 
made ;  the  second,  by  the  wear  of  the  journal.  The  first  would 
give  a  very  accurate  method  of  determining  the  life  of  an  axle, 
with  more  definite  information  as  to  the  strength  of  the  material 
under  intermittent  stresses. 

The  method,  by  allowing  the  axle  to  wear  down  to  a  given 
limit,  3^  inches  diamster  for  the  journal  of  the  axle  shown  in 
the  diagram,  gives  widely  varying  figures. 

When  the  lubrication  is  well  done  and  there  is  little  wear,  the 
axle  may  be  allowed  to  run  very  much  longer  than  it  should. 
When  the  journal  wears  rapidly,  the  axle  is  thrown  out  of  service 
long  before  it  is  worn  out,  on  account  of  the  intermittent  stresses, 
and  while  the  journal  may  be  fully  strong  enough  to  stand  the 
load. 

The  most  important  deduction  which  the  writer  has  been  able 
to  draw  from  this  examination  of  the  strength  of  axles,  is  the 
need  of  a  series  of  experiments  in  this  country,  on  the  effect  of 
repeated  loading  on  iron  and  steel,  especially  with  respect  to  the 
durability  under  the  different  loads. 

Such  experiments,  carefully  and  accurately  made,  would  give 
us  data  upon  which  to  base  calculations  of  sizes  of  parts  of 
machinery,  which  are  now  little  more  than  guessed  at. 

DISCUSSION. 

2fr.  George  B.  TTenderson. — There  is  a  point  on  page  238,  in 
which  Mr.  Randolph  refers  to  the  springs  being  frequently 
forced  solid.  I  do  not  wish  to  contradict  his  statement  at  all, 
but  I  thought  it  might  be  interesting  to  state  some  experiments 
which  were  conducted  with  coil  springs,  recently,  when  it  was 
found  there  was  not  much  likelihood  of  their  becoming  solid  if 
thev  had  anvthino:  like  the  usual  amount  of  streno;'th.  These 
springs  were  designed  so  that  a  loaded  car  would  put  on  them  a 
little  more  than  half  the  solid  load.  We  took  one  car,  fitted  with 
such  springs,  and  overloaded  one  end  with  pig  iron  about  twenty- 
16 
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tivo  per  cent.  Then  we  put  pieces  of  putty  in  between  the  coils 
of  the  springs,  ran  the  car  truck  up  on  wedges  and  dropped  the 
four  wheels  bodily  about  three  inches,  and  an  examination  showed 
that  the  putty  was  not  cut  through.  If  springs  are  of  the  ordi- 
nary strength  I  doubt  if  the  coils  will  come  together  in  ordinary 

practice. 

I  would  like  to  indorse  the  last  paragraph,  page  241,  very  heart- 
ily. If  some  of  our  colleges,  fitted  up  for  experimental  work  of 
this  kind,  would  go  into  this  matter  of  fatigue  of  metal  thoroughly 
and  carefully,  I  think  we  should  have  information  that  Avoukl  be 
of  great  advantage  to  the  engineering  world  generally.  There 
are  many  theories  advanced  in  regard  to  the  fatigue  of  metals, 
with  some  information  of  an  experimental  character,  but  I  do  not 
think  it  is  entirely  satisfactory,  and  if  some  of  our  colleges  would 
take  that  up  I  think  they  could  make  a  good  report  on  the 
subject. 

Mr.  E.  D.  Estrada. — I  beg  not  to  be  considered  as  over-critical 
in  connection  with  my  remarks  about  Mr.  Kandolph's  paper  on 
'•  The  Strength  of  Railway  Axles."  I  earnestly  believe  that  our 
lack  of  knowledge  on  the  subject  of  resistance  of  materials  is,  in 
fi^reat  measure,  due  to  our  carelessness  in  takino^  care  of  "  small 
matters;'  when  it  is  reallv  these  little  thinf^s  which  need  the  most 


attention.     The  large  ones  usually  take  care  of  themselves. 

On  page  first  of  Mr.  Randolph's  paper  we  see  that  a  load  of  10,- 
000  pounds  is  considered  as  acting  constantly  on  each  journal.  Re- 
ferring to  this  load,  Mr.  Randolph  says  :  "This  is  constant."    There 
can  be  no  misinterpretation  of  that  sentence.     In  the  next  para- 
graph, referring  to  the  same  load,  Mr.  Randolph  says :  "  This  load, 
while  actinirconstantlv,  would  be  of  the  nature  of  an  intermittent 
or  re|)eated  load,  the  load  being  applied  first  in  one  direction  as 
regards  anv  one  set  of  extreme  fibres,  and  then  in  the  other."     In 
the  first  place,  a  load  cannot  be  considered  as  acting  constantly 
and  l>e  of  an  intermittent  nature.     In   the  second  place,  if  it  is 
applied  in  one  direction  it  must  become  equal  to  zero  to  be  apphed 
in  the  oj)posite  direction.     The  conditions  assumed  by  Mr.  Ran- 
dolph cannot   be  fulfilled.     Hence,  since  the  values  for  the  ulti- 
mate strength  given  })y  Wohler  and  Spangenburg  are  supposed 
to  have  l>een  determined,  under  these  conditions  thev  cannot  be 
correct. 

According  to  \\w,  method  here  described,  an  axle  under  a  car, 
travelling  at  the  rate  of  40  miles  an  hour,  would  die  in  about  52 
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days ;  and  an  axle  on  a  car  travelling  at  the  rate  of  100  miles 
an  hour  T\^oukl  give  up  in  about  two  days.  There  is  evidently 
something  wrong  in  this  method  of  determinino;  the  streno-th  of 
an  axle.  Let  us  see  if  we  can  find  where  the  error  lies.  Messrs. 
Wohler  and  Spangenburg  made  experiments,  subjecting  an  axle  to 
a  certain  number  of  vibrations,  and  found  that  when  the  number 
of  vibrations  was  equal  to  30,000,000,  the  axle  broke.  But,  unfort- 
unately, they  forgot  to  tell  us  what  the  value  of  a  vibration  is. 
If  we  are  to  consider  the  strength  of  an  axle  by  the  number  of 
vibrations  or  revolutions  which  it  can  be  made  to  resist  before  rup- 
ture takes  place,  we  must  have  a  definite  value  for  a  vibration, 
without  which  any  number  of  them  cannot  have  any  assignable 
value.  According  to  this  method  of  reasonino:,  an  eno:ine  makino- 
400  revolutions  per  minute  would  have  to  stop  for  a  funeral  every 
few  hours. 

Mr.  Randolph  may  reply  that  the  axle  and  the  shaft  do  not 
afford  parallel  cases ;  to  which  I  will  say  that  they  do  until  the 
difference  is  established. 

Mr.  L.  R.  Pomeroy. — I  want  to  call  attention  also  to  one 
statement  on  page  240.  The  author  says  :  "  These  figures  "  (namely, 
85,000  pounds  per  square  inch  ultimate  tensile  strength)  "  cannot 
be  said  to  represent  the  correct  values  for  steel  axles."  Kow  I 
claim  that,  as  manufacturers  are  producing  steel  axles  to-day, 
these  figures  are  nearer  the  value  than  the  value  stated.  Some 
few  years  ago,  when  axles  were  made  quite  soft,  70,000  to  74,000 
pounds  was  a  fair  average  ultimate  strength ;  but  of  late  years 
roads  are  requiring  a  slight  increase  of  tensile  strength,  so  that 
we  have  them  as  high  as  92,000,  and  even  to  95,000  pounds  tensile 
strength. 

Mr.  W.  F.  Diirfee. — I  will  call  attention  to  a  railway  journal 
that  is  bv  no  means  new.     In  1874  a  journal  of  the  form  shown 

in  Fig.  67  was  patented  by  the  master  car- 
builder  of  the  St.  Paul  road.  I  was  living 
at  Milwaukee  at  the  time,  and  he  called  mv 
attention  to  the  very  wonderful  wear  of 
journals  made  in  this  way,  which  had  been 
used  experimentally  for  some  years  on  that  road,  and  he  said 
that  he  had  instructions  from  the  general  manager  to  use  tliat 
form  of  axle  in  the  future,  and  he  applied  for  a  patent,  and  the 
patent  was  granted.  Of  course,  the  patent  has  expired.  Thei*e 
was  absolutely  no  evidence  of  end  chase  in  the  joui'nals  shown 
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me,  and  no  scoring,-  in  them.  The  probabihu^  is  that  an  axle  of 
this  form  wuukl  Jiave  less  tendency  to  fracture  at  the  point  a 
tlian  those  commonly  used.  AVhether  such  axles  have  been  con- 
tinuously used  on  the  St.  Paul  Eailroad  I  do  not  know,  but  I  was 
told  that  in  1S7J:  authority  was  given  to  the  master  car-builder 
to  introiluce  such  journal-bearing  as  the  practice  of  the  road. 

Mr.  11.  de  B.  Farso?is.— In  reply  to  the  speaker  before  the  last, 
I  would  state  that  Mr.  Eandolph  says  this  load  is  constant— that 


Fig.  Co. 

.>,  r^.nsuint  on  the  journal.  lie  also  states,  in  the  next  paragraph, 
i  his  load,  while  acting  constantly,  would  be  of  the  nature  of  an 
intermittent  or  repeated  load."  The  stress  is  intermittent  in 
n-rard  to  the  fibres,  because  the  axle  turns.  The  fibres  on  the 
top  of  the  journal  at  one  moment  are  the  next  moment  under- 
neath, ST.  that  while  the  load  is  constant  on  the  journal  the  stress 
IS  intermittent  on  the  fibres. 

Mr.O\  a  //e?mimj.~Th\f,  paper  does  not,  T  tliink,  touch  the 
critical  |>o,nt  of  why  axles  break.  In  a  great  number  of  axle 
fractures  you  will  see  that  there  is  a  central  part  of  the  axle 
^Wllch  hroke  with  a  granular  appearance,  while  between  this 
part,    wliich    ,s  shown   on    the  diagram  (Fig.   G«)  at  a  by  the 
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smallest  circle,  and  the  upper  edge  of  it,  there  are  a  number  of 
rings  shown,  in  which  the  material  is  crushed  more  or  less.  Now, 
every  axle  is  strained  very  much  more  in  passing  over  a  frog  on 
a  switch  than  by  any  of  the  reversed  strains  mentioned  in  the 
paper,  oscillations,  vibrations,  or  static  loads.  These  are  very 
small  compared  to  the  impact  of  the  axle  at  the  instant  of  cross- 
ing over  a  frog.  Suppose  the  car  is  loaded  to  its  maximum 
capacity,  and  a  frog  is  struck  when  the  road-bed  is  very  hard,  it 
may  crack  that  axle  on  one  or  the  other  surface,  according-  to  how 
it  is  strained.  If  the  wheel  is  outside,  as  usual,  then,  of  course, 
the  fracture  would  be  likely  to  occur  on  top.  Now,  that  axle  will 
run  for  a  long  while  with  that  fracture  in  it.  The  next  time  that 
axle  hits  a  frog  it  will  break  a  little  bit  further.  The  next  time 
it  runs  under  a  heavy  load  and  strikes  another  bad  place  in  the 
track,  it  breaks  still  further.  The  journal  section  of  the  axle  has 
b}^  that  time  been  very  materially  reduced,  and  careful  inspection 
reveals  these  fractures ;  and  when  the  fracture  shows  very 
plainly  and  opens,  why,  then,  the  axle  is  taken  out.  But  many  of 
them  are  not  found,  because  of  carelessness  during  inspection. 
Then  ultimately  the  axle  will  break  with  the  section  of  material 
shown  at  (2  in  perfect  condition  at  the  time  of  rupture;  all  the 
rest  has  been  hammered  during  service,  so  that  it  is  all  polished. 
But  the  fracture  does  not  occur  uniformly.  Some  of  these  rings 
are  wide  and  others  are  narrow,  just  as  I  show.  I  have  one  axle 
in  my  office  which  has  at  least  sixty  such  distinct  rings,  which 
shows  that  it  broke  on  sixty  different  occasions.  That  is  the  way 
axles  break.  The}^  do  not  break  because  they  are  weak.  They 
do  not  break  because  the  static  loads  are  too  great.  They  simply 
break  because  of  the  enormous  impact  in  crossing  over  frogs,  and 
they  break  very  gradually. 


3fr.  Estrada. — I  would  hke  to  make  a  sketch  (Fig.  ()D)  repi-e- 
sentino;  an  axle  fracture,  as  I  have  noticed  several  of  them.  I 
have  with  me  a  fractured  end  of  an  axle  broken  in  this  way.     Jt 
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will  be  noticed,  from  the  specimen,  that  the  faihire  of  this  axle 
was  the  result  of  the  diminution  of  its  normal  cross-section,  caused 
bv  verv  minute  cracks  produced  from  time  to  time,  and  under 
varying  conditions. 

These  cracks  started  on  the  surface  and  continued  towards  the 
axis,  until  the  effective  area  of  the  axle  at  this  point  was  less 
than  that  required  to  carry  the  load  ;  then  the  axle  broke.  While 
"turning''  the  axle  to  its  proper  dimensions,  tool-marks  were  left 
in  the  fillet  outside  of  the  wheel  seat.  The  fracture  starts  while 
the  car  goes  over  joints  or  frogs.  It  is  impossible  for  the  axle  to 
be  always  in  the  same  relative  position  while  the  car  is  passing 
over  ail  the  inequalities  of  the  track.  For  this  reason,  we  cannot 
consider  the  fracture  as  taking  place  in  one  direction  more  than 
in  another. 

There  is  another  very  important  point  to  which  I  would  like  to 
call  vour  attention.  Xotice  that  the  surface  of  the  gradual  fracture 
is  not  a  plane  surface  but  a  spherical  surface.  This  particular  case 
of  axle  breakage  was  given  to  one  of  our  testing  laboratories,  in 
order  to  ascertain  what  caused  the  trouble.  After  making  the 
usual  tests,  they  reported  that,  while  the  material  of  which  the 
axles  were  made  would  have  been  considered  as  excellent  for 
bridges,  it  was  not  good  material  for  axles.  This  report  did  not 
satisfy  the  superintendent  of  the  street  car  company,  who 
asked  me  to  make  an  investigation.  I  began  by  making  the 
usual  tensile  and  bending  tests  with  specimens  cut  from  one  of 
the  broken  axles.  The  tensile  test  showed  an  ultimate  strength 
of  57,000  pounds  per  square  inch,  an  elastic  limit  of  38,000  pounds 
per  square  inch,  an  elongation  of  25  per  cent,  in  8  inches,  and 
a  reduction  of  area  of  57  per  cent.  By  the  drop  test,  an  elonga- 
tion of  33.5  per  cent,  in  8  inches  was  obtained.  The  chemical 
analysis  showed  the  carbon,  phosphorus,  manganese,  and  sul- 
phur to  be  well  within  the  limits  generall}^  specified  for  axle 
steel. 

These  results  do  not  warrant  an  adverse  criticism  concerning 
the  quality  of  the  steel  as  a  material  for  street-car  axles.  I  made 
an  etching  test,  but  there  were  no  blow-holes  to  be  found.  I 
thought  of  segregation,  but,  fortunately,  I  did  not  know  anything 
alxjut  it,  and  decided  to  leave  that  alone.  It  was  clear  that  I  had 
U)  either  "  throw  up  the  sponge  "  or  follow  a  new  line  of  inquiry. 
An  examination  of  several  of  the  broken  axles  showed  that  the 
fractures  f>ccurred  at  a  similar  place  in  every  axle,  thus  disproving 
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any  theory  which  might  be  advanced  accounting  for  the  breakages 
from  physical  defects  of  the  materials. 

Further  observation  showed  that  the  bending  moment  had  the 
greatest  value  when  the  section  where  the  fillet  had  been  turned 
was  considered.  Adding  to  this  the  effect  of  tool-marks  on  steel 
the  mystery  was  cleared,  and  further  trouble  from  that  source  was 
completely  stopped.  Let  any  one  place  an  axle  on  a  Pittsburgh 
street-car,  and  figure  how  long  it  will  last  from  the  number  of 
revolutions  made  by  any  other  axle,  not  taking  into  account  the 
condition  of  the  street-car  tracks  in  that  city,  and  see  what  a 
mistake  he  will  make.  Moreover,  if  the  observer  is  not  verv 
careful  to  look  out  for  himself,  there  is  no  tellino:  how  loner  he 
will  be  able  to  continue  his  observations. 

Mr.  H.  Wade  Hibbard. — I  think  it  will  be  a  valuable  addition 
to  the  information  we  have  gained  from  the  discussion  of  this 
paper  if  some  of  the  members  present  wlio  have  taken  part,  or 
not,  would  give  us  what  they  consider  the  safe  life  of  an  axle, 
either  in  the  number  of  years  it  should  run  or  the  number  of 
revolutions. 

Mr.  Estrada. — I  can  tell  you  that ;  an  axle  may  last  an  hour, 
a  day,  a  month,  a  year,  or  it  may  last  any  length  of  time.  Its 
life  depends  on  how  and  where  3^ou  use  it.  A  shaft  is  nothing 
but  an  axle,  and  notice  how  long  they  last,  generally.  Consider 
a  railroad  company  in  the  hands  of  a  "  receiver,"  and  it  will 
usuallv  have  a  bad  track,  and  axles  will  not  last  verv  lono^  there. 

Consider  a  well-paying  railroad  company,  and  you  will  usually 
find  a  good  track,  and  an  axle  on  this  road  will  last  longer  than 
on  the  other. 

Mr.  M.  P.  Wood. — I  think  it  is  the  practice  of  the  Pennsylva- 
nia and  also  of  a  number  of  other  leading  roads,  that  after  an  axle 
has  been  under  a  car  a  definite  length  of  time,  say  two  years,  or, 
as  by  the  car  record,  has  made  approximately  two  hundred  thou- 
sand miles  under  their  passenger  equipment,  that  axle  is  con- 
demned and  taken  out,  wiiether  it  shows  an\^  sign  of  fracture  or 
not,  and  put  into  freight  service.  I  think  that  is  getting  to  be 
the  universal  practice  with  our  leading  lines  of  railway. 

J/r.  L.  S.  Randolph.'^ — In  reply  to  Mr.  Estrada  I  would  say 
Mr.  Parsons  has  fully  answered  the  first  part  of  his  criticism. 
As  regards  the  life  of  an  axle,-  a  freight  car  seldom  makes  more 
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than  thii'ty  niiles  per  day  on  an  average ;  as  regards  passenger 
cai-s,  the  conditions  of  loading  are  different  on  account  of  the 
ditTerence  in  the  motion  of  the  springs.  The  loads  are  not  so 
irreat  as  in  freio'ht  service. 

By  the  number  of  vibrations  Messrs.  AYohler  and  Spangenburg 
mean  the  number  of  repetitions  of  the  load,  the  amount  of  the 
vibration  bein"-  determined  bv  the  amount  of  the  load. 

In  reply  to  Mr.  Ilenning,  I  would  say  that  the  phenomena  which 
he  describes  are  quite  common.  I  cannot  agree  with  him  as 
I'egards  the  danger  from  frogs  and  switches ;  they  are  very  hard 
on  wheels,  but  not  so  much  so  on  axles.  A  combination  of  a  low 
joint  and  high  speed  will  produce  a  greater  load  on  the  axle.  As 
a  matter  of  fact,  however,  frogs,  switches  and  low  joints  all  go  to 
strain  the  axle  beyond  the  limits  usually  calculated  upon.  As 
regards  the  detection  of  cracks  by  inspectors,  it  is  impracticable 
to  do  it.  The  writer  has  saved  several  side-rods  on  locomotives 
from  breaking,  by  detecting  "cracks,  but  even  on  the  polished  rod 
they  were  so  minute  that  it  was  very  difficult  to  detect  them  ;  but 
with  the  polished  journal  of  a  freight  car  covered  up  and  the 
body  of  the  axle  covered  with  dirt  and  rust,  small  cracks  can- 
not be  readily  seen. 

Tool-marks  are  usually  the  places  where  cracks  start.  Clark 
called  attention  to  this  forty  years  ago.  The  concentric  rings 
which  Mr.  Ilenning  speaks  of  can  be  produced  by  an  intermittent 
load.  The  writer  observed  a  similar  phenomenon  in  experiment- 
ing on  stay-bolts  under  a  vibrating  or  intermittent  strain,  and  his 
oljservations  of  fractures  known  to  have  occurred  from  shock 
would  lead  him  to  conclude  that  the  axle  which  Mr.  Ilenning 
describes  was  broken  by  repeated  stresses  and  not  by  shock. 

I  agree  with  Mr.  Henderson  that  it  would  be  well  for  some,  of 
our  colleges  to  take  the  matter  up,  but  the  cost  of  the  experiments 
would  be  so  great  as  to  be  prohibitory  except  to  the  wealthiest. 
It  is  a  matter  which  could  be  best  handled  by  the  government. 
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RAIL  PRESSURES  OF  LOCOMOTIVE  DRIVING 

WHEELS. 

BY   DAVID   L.   BARNES,   CHICAGO,   ILL. 

(Member  of  the  Society.) 

Driving-wheels  of  locomotives  at  speed  move  so  quickl}^  over 
the  track  and  revolve  so  rapidly  that  the  maximum  rail  pressures 
are  much  greater  than  when  the  engine  is  at  rest.  It  has  not 
been  compulsory  in  the  past  to  consider  seriously  the  effect  of 
speed  on  rail  pressures,  but  now  the  maximum  velocity  of  trains 
is  so  high  that  it  is  exceedingly  important  to  have  a  clear  under- 
standing of  the  modifications  produced  by  speed.  The  object  of 
this  paper  is  to  bring  forward  for  discussion  an  analysis  that  has 
been  made  of  the  effect  of  speed  on  rail  pressures. 

equalization  of  rail  pressures  bt  levers. 

Owing  to  the  great  vertical  irregularity  of  railroad  track  as  first 
laid  in  this  country,  equalizing  levers  were  required  between  the 
driving  springs  in  order  to  keep  the  wheels  on  the  track,  to  make 
the  weight  approximately  equal  on  the  drivers,  and  to  make  the 
engine  ride  steadily.  The  purpose  of  these  levers  is  to  permit 
the  wheels  to  rise  and  fall  without  such  a  material  change  of 
weight  thereon  as  would  occur  if  each  wheel  had  an  independent 
spring.  With  independent  springs,  if  a  wheel  drops  down,  the 
rail  pressures,  being  dependent  upon  the  tension  on  the  spring, 
are  reduced  because  the  tension  of  the  spring  is  reduced.  In  Eu- 
rope, where  the  tracks  have  been  made  more  nearly  level  in  verti- 
cal alignment,  the  locomotives  have  been  supported  on  springs 
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without  equalizers,  the  weight  on  the  wheels  depending  very 
largely  upon  the  stiffness  of  the  springs  and  the  initial  set  or  ten- 
sion that  is  given  them.  For  this  reason,  by  altering  the  initial 
tension  of  the  spring,  the  -sveight  can  be  thrown  from  one  pair  of 
drivers  to  another.  It  is  one  of  the  tricks  of  railroad  mechanics 
usiug  locomotives  with  a  single  pair  of  drivers  to  adjust  the 
springs  to  give  a  minimum  weight  on  the  drivers  when  the  engine 
is  weighed,  as  this  is  more  satisfactory  to  the  track  engineers,  but 
when  the  engine  goes  into  service  the  tension  on  the  driving 
springs  is  increased,  and  this  throws  a  large  increase  of  weight  on 
the  drivers,  and  not  infrequently  there  is  more  weight  used  per 
pair  of  wheels  for  such  locomotives  than  is  given  in  the  published 
description.  With  equalizers  an  adjustment  of  this  kind  is  im- 
possible, and  any  material  change  of  weight  on  the  different  driv- 
ers can  only  be  made  by  changing  the  position  of  the  fulcrum  of 
the  equalizing  levers. 

Where  the  track  is  level  and  smooth,  equalizers  are  not  really 
necessary,  but  for  locomotives  having  to  run  in  freight  yards  over 
bad  sidings  and  rough  track,  they  are  required  to  prevent  rough 
riding,  broken  frames,  excessive  wheel  loads,  and  wide  variation  in 
the  adhesion  of  the  wheels  to  the  track.  When  one  wheel  has  less 
weight  the  other  wheels  must  have  more,  and  if  one  wheel  of  a 
four-driver  locomotive,  not  equalized,  drops,  say  as  much  as  one 
and  one-half  inches,  there  is  a  very  great  increase  in  the  load  that 
is  carried  by  the  other  driver  on  the  same  side  of  the  engine,  but 
with  equalizers  the  loads  remain  nearly  the  same  on  all  drivers. 
These  are  the  reasons  for  using  equalizers. 

Where  complete  equalization  is  desirable,  the  engine  is  always 
supported  on  three  points.  One  is  at  the  centre  of  the  truck  or 
tlie  centre  of  one  of  the  driving  axles  ;  this  is  arranged  by  the  use 
of  a  cross  equalizer  extending  between  the  ends  of  the  springs 
over  one  pair  of  drivers.  Sometimes,  as  in  the  case  of  a  two- 
wheel  truck  in  front,  a  longitudinal  equalizer  is  used  between  the 
truck  and  the  front  pair  of  driving  springs,  and  in  this  case  tlie 
centre  point  of  su^jport  is  placed  somewhere  on  the  longitudinal 
equalizer  and  generally  underneath  the  cylinders. 

The  other  two  points  of  support  are  located  one  on  each  side  of 
the  engine  and  always  opposite  each  other.  The  location  of  these 
two  supports  is  generally  a  "resultant"  one ;  that  is,  there  is  no 
dffinite  point  of  support,  but  there  is  a  resultant  point,  which  is 
the  resuhant  of  the  forces  exerted  to  support  the  engine  at  the 
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different  supporting  points,  which  are  the  fulcrums  of  the  equalizers, 
and  the  points  where  the  springs  are  attached  to  the  frames.  In 
the  case  of  an  eight-wheel  engine  where  the  springs  and  equalizers 
have  equal  arms,  the  resultant  point  is  at  the  centre  of  the  back 
equalizers,  one  on  each  side,  but  in  the  case  of  a  consolidation 
locomotive  it  is  about  at  the  main  driving  wheel. 

The  third  point  of  support  is  generally  at  the  front  end  of  the 
engine  at  or  near  the  truck  centre. 

The  resultant  points  are  found  by  assuming  one  pound  as  the 
weight  at  any  one  of  the  supporting  points  and  calculating  by  the 
principle  of  levers  the  weight  on  the  other  points,  and  combining 
these  weights  as  forces  to  find  the  resultant  force  and  the  location 
of  the  resultant  point  of  support.  This  can  also  be  done  graphi- 
cally. 

From  what  precedes  it  is  evident  that  the  weight  of  the  locomo- 
tive, or  that  part  of  it  which  is  above  the  springs,  will  be  distrib- 
uted between  the  resultant  points  of  support  at  the  rear,  and  the 
single  point  of  support  at  the  centre  at  the  front  according  to  the 
distances  of  these  points  from  the  centre  of  gravity  of  that  part  of 
the  locomotive  that  is  above  the  springs. 

To  find  the  centre  of  gravity  near  enough  for  practical  pui'poses 
requires  but  little  aiithmetical  work,  as  only  the  heaviest  parts 
need  to  be  considered.  The  centre  of  gravity  of  the  important 
parts  taken  together,  such  as  the  cylinders,  frames,  foot  plates, 
cab,  grates  and  boiler  filled  with  water  and  fuel,  practically  coin- 
cides with  the  centre  of  gravity  of  all  parts  taken  together. 
In  calculating  the  centre  of  gravity  to  find  the  weight  distribution, 
the  wheels,  axle  boxes  and  parallel  rods  should  not  be  considered. 
Only  those  parts  that  are  above  the  springs  should  be  taken  into 
account.  The  weights  of  the  parts  below  the  springs  should  be 
added  later  to  find  the  rail  pressures. 

While  equalizers  are  necessary  to  distribute  the  weight  on  the 
wheels  on  rough  track  at  slow  speeds,  they  have  little  effect  on  the 
weights  per  wheel  at  high  speed,  except  in  the  case  of  a  two-wheel 
truck  in  the  front,  which  might  have  too  much  weight  taken  from 
it  when  the  engine  oscillates  at  high  speed  if  an  equalizer  were  not 
used,  but  even  this  would  apply  only  to  some  special  designs.  At 
high  speeds  the  .velocity  of  the  wheels  over  the  track  is  so  great 
that  there  is  not  time  for  the  wheels  to  drop  down  into  a  depres- 
sion or  to  follow  down  the  depression  of  a  weak  joint  or  unsup- 
ported section  of  a  rail.     Fig.  TO  shows  how  far  the  body  of  the 
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locomotive  itself  would  drop,  due  to  gravity  at  different  speeds 
over  different  spaces,  and  also  shows  how  much  more  the  driving 
wheel  will  drop,  in  an  average  case,  than  the  body  of  the  locomo- 
tive owinc^  to  the  fact  that  in  addition  to  the  force  of  gravity  there 

is  also  a  spring,  which  accelerates  the 
w^heel  downward.  The  drop  h,  due  to 
gravity,  is  given  by  the  formula 

2S'' 


Q        while  the   drop  due   to  both  spring 
and  gravity  is 


Fig.  70. 


^    W 


cotan.  H/^(^+  7)-l, 


in  which  W  is  the  weight  of  the  wheel,  S  the  speed  in  feet  per 
second,  and  <l  the  distance  from  the  beginning  of  the  drop  to  the 
point  where  it  is  desired  to  find  how  much  the  wheel  has  fallen. 
}  is  the  initial  or  normal  tension  of  the  spring  in  pounds ;  e  — 
stiffness  of  the  driving  spring  per  foot  of  deflection ;  g  =■  32.2 
feet. 

Suppose  a  wheel  to  have  dropped  into  a  depression,  then  the 
stress  or  extra  pressure  on  the  track  required  to  lift  the  wheel 
out  will  depend  upon  the  slope  of  the  rail  coming  out  of  the 
depression  and  upon  the  speed  of  the  train. 

As  a  locomotive  goes  along  a  track  the  drivers  rise  and  fall 
according  to  two  conditions  ;  first,  the  depth  of  the  depressions 
and  rises,  and,  second,  the  speed.  The  faster  the  speed,  the  less 
will  ])e  the  rise  and  fall,  unless  the  wheel  gets  into  a  vertical 
oscillation  owing  to  regularity  and  succession  of  the  depressions 
and  rises.  Vertical  oscillations,  because  of  such  regularity,  prob- 
aVjly  seldom  occur.  To  mount  over  a  rise  increases  the  pressure 
on  the  track  in  the  same  way  as  when  the  driver  is  rising  out  of 
a  depression. 

From  this  it  is  clear  that  the  weight  on  the  driving  wheels  at 
high  speeds  is  a  variable  (piantity  depending  little  on  the  equal- 
izers and  mainly  on  tlie  speed,  stiffness  of  springs,  inertia  of  the 
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mass  of  the  wheels,  and  greatly  upon  the  weight  of  the  recipro- 
cating parts,  as  is  explained  later. 

Omitting,  for  the  time  being,  the  consideration  of  the  counter- 
balancing, the  following  factors  affect  the  weight  in  the  manner 
described : 

Given  a  track  with  rises  and  depressions,  the  heavier  the 
driving  wheel  the  less  will  be  the  distance  which  it  will  be  forced 
by  the  spring  to  drop  in  a  given  time,  and  the  greater  will  be  its 
inertia  or  resistance  when  being  lifted  out  of  a  depression  or 
over  a  rise. 

The  stiffer  the  spring,  the  greater  will  be  the  drop  of  the 
wheel  in  a  given  time,  and  the  more  will  be  the  increased  press- 
ure on  the  track  due  to  lifting  the  wheel  out  of  a  depression  or 
over  a  rise. 

For  a  given  depression,  the  shorter  the  distance  in  which  the 
wheel  is  lifted  out  of  it  or  over  a  rise,  the  greater  will  be  the 
pressure  on  the  rail. 

As  a  wheel  comes  out  of  a  depression  or  goes  over  a  rise  it 
will  lift  more  than  it  dropped  into  the  depression  and  more  than 
the  height  of  the  rise,  and  if  the  rise  is  considerable  and  the 
speed  is  high  the  wheel  may  lift  clear  of  the  track.  This  is 
practically  illustrated  by  the  peculiar  wear  of  rail  heads  at 
joints,  where  trains  run  at  high  speed  always  in  the  same  direc- 
tion. 

What  is  said  here  about  driving  wheels  is  equally  true  of  all 
the  wheels  in  the  train,  but  as  the  weights  of  other  wheels  than 
drivers  are  less,  the  increase  of  rail  pressure  is  also  less. 

Rail  pressures  for  the  main  drivers  are  affected  by  the  angular- 
ity of  the  connecting  rods.  For  locomotives  running  ahead  the 
rail  pressures  are  increased  by  the  push  and  pull  of  the  connecting 
rods,  but  for  locomotives  running  backward  the  rail  pressures  are 
decreased  by  the  same  ac-tion.  It  is  evident  that  the  weight  of 
locomotive  drivers  on  the  rails,  as  measured  by  track  scales,  is  only 
the  normal  weight  and  is  but  little  indication  of  the  maximum  rail 
pressures.  This  will  appear  from  Fig.  71,  which  shows  the  possible 
variation  in  rail  pressures  under  the  drivers  due  to  a  locomotive 
travelling  at  various  speeds,  due  to  ''excess  balance"  alone,  and  not 
including  several  other  factors,  which  make  the  rail  pressures  vary. 

Some  very  interestiug  and  valuable  data  about  the  deflection  of 
track  under  locomotives  when  standing  still  have  been  gathered  by 
Mr.  James  E.  Howard,  of  the  Watertown  Arsenal,  and  Mr.  C.  F. 
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Delano,  Superintendent  Freight  Terminals  of  the  Chicago,  Bur- 
lington and  Quincv  Bailroad  at  Chicago.    These  data  will  be  found 
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Fig.  71. 
Variation  of  rail  pressures  due  to  centrifugal  force  of  "excess  balance,"  with 

different  diameters  of  drivers. 

in  the  Railwaij  Review,  March  24,  1894     The  calculations  in  this 
paper  about  Hft  of  locomotive  drivers  are  based  on  these  data. 

THE   GENEIIAL   EFFECT   OF    COUNTERBALANCING   ON   RAIL  PRESSURES. 

The  counterbalancing  of  reciprocating  engines  has  been  well 
studied  mathematically.  For  stationary  engine  work  in  whicli,  it 
is  necessary  to  calculate  accurately  the  effect  of  reciprocating 
parts,  a  vahiablo  analysis  has  been  presented  to  this  Society  by 
Prof.  D.  S.  Jac.')i>us.     See  Tranmdiom,  Vol.  XI.,  p.  492. 

For  locomotives  it  has  been  found  that  from  one-third  to  one- 
half  of  the  weight  of  the  reciprocating  parts  need  not  be  balanced, 
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although  on  some  raih'oads  it  is  customary  to  balance  all  recipro- 
cating weights.  The  roughness  of  locomotive  service  permits  a 
decrease  of  the  balance  for  reciprocating  parts  of  at  least  one- 
third  without  causing  disagreeable  longitudinal  oscillations  and 
lateral  motions  of  the  engine.  Some  interesting  information  about 
this  matter  has  been  presented  to  this  Society  by  Prof.  Gaetano 
Lanza.     See   Transactions,  Yol.  X.,  p.  302. 

The  balancing  of  the  revolving  weights  should  be  complete,  and 
this  is  done  in  the  ordinary  way  of  balancing  fly  wheels. 

One  fact  that  has  been  determined  by  practical  experience  sim- 
plifies the  investigation  of  the  effect  of  the  necessary  counterbal- 
ancing for  locomotives ;  it  is  that,  so  far  as  the  locomotive  itself  is 
concerned,  the  balancing  is  practically  perfect  when  the  balances 
are  placed  in  the  wheels  opposite  the  crank  pins,  and  when  all  of 
the  revolving  parts  are  balanced  and  not  more  than  100  pounds 
of  reciprocating  parts  for  light  engines,  and  300  pounds  for  heavy 
engines,  are  left  unbalanced.  When  scientifically  analyzed,  this 
method  of  balancing  is  found  to  be  imperfect,  and  such  analysis 
shows  that  the  balancing  would  be  more  exact  if  the  counter- 
weights were  placed  not  quite  opposite  the  cranks  and  if  an  addi- 
tional balance  to  counteract  the  effect  of  the  balances  on  the  oppo- 
site side  was  placed  in  each  wheel  at  right  angles  with  the  crank,  but 
in  practice  such  a  plan  prevents  the  duplication  of  the  wheels  and 
gives  no  better  results  than  the  simpler  plan  commonly  followed, 
that  is,  if  the  reciprocating  parts  be  not  unnecessarily  heavy.  The 
effect  of  putting  in  the  additional  counterweight  is  to  increase  the 
maximum  rail  pressure,  which  is  too  great  under  the  simpler  plan 
of  counterbalancing,  and,  therefore,  the  additional  balance  would 
better  not  be  used  unless  for  locomotives  already  constructed 
where  the  fundamental  design  is  bad  and  such  balance  is  added 
for  correction  of  existing  evils.  A  very  complete  account  of  the 
value  of  the  additional  balance  is  given  in  the  Transactions,  Vol. 
X.,  p.  302,  Lanza. 

The  practical  problem  of  balancing  is  not  one  of  "  how  to  bal- 
ance," but  of  reducing  the  total  weight  of  the  reciprocating  parts 
to  a  minimum.  What  can  be  done  in  this  way  to  improve  locomo- 
tives is  indicated  by  what  has  been  done  in  decreasing  the  weight 
of  pistons,  cross-heads  and  main  rods.  These  parts  on  American 
locomotives  are  generally  heavier  than  are  necessary  for  the  ser- 
vice, and  a  reduction  of  one-half  in  weight  is  possible  in  many  cases. 
The  average  possible  reduction  may  be  taken  as  40  per  cent,  for 
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all  designs.     An  example  of  what  can  be  done  and  has  been  done 
is  found  in  Figs.  7:^,  73,  7i,  and  75,  which  show  pistons  in  com- 


FiG.  72. — Common  form  of  piston. 


Fio.  73. — Common  form  of  piston. 
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men   use   for   the   same    size   of   cylinder.     The   weight   of  the 
lightest  is  but  5i  per  cent,  of  the  heaviest.     Even  more  striking 


4. — Common  form  of  piston. 


17 


Fig.  75. — Common  form  of  piston. 
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examples  of  reductions  can  be  found  in  crosslieads  and  main 
rods.  It  is  only  within  the  short  time  since  high  maximum  speeds 
have  become  common  practice  that  the  efifect  of  heavy  reciprocat- 
ing ])arts  has  been  such  as  to  call  attention  to  the  need  for 
reductions  in  weights.  Now  bent  rails  and  damaged  track  reports 
are  too  common  to  permit  further  neglect  of  a  proper  considera- 
tion of  the  weights  of  reciprocating  parts. 


Fig.  76. 

Fig.  76,  taken  from  the  Railroad  Gazette,  August  24,  1894,  p. 
573,  is  an  illustration  of  what  will  be  caused  by  a  locomotive 
having  heavy  reciprocating  parts,  even  if  perfectly  balanced,  when 
run  at  high  speed.  It  is  also  an  equally  good  illustration  of  the 
effect  on  the  track  of  running  locomotives  in  freight  trains  with- 
out the  rods  at  moderate  speed.  The  illustration  teaches  the 
need  of  using  the  strongest  and  lightest  designs  for  the  reciprocat- 
ing parts,  almost  regardless  of  the  first  cost,  and  shows  that 
locomotives  should  not  be  shipped  without  the  rods,  unless 
equivalent  weights  are  put  on  the  crank  pins  opposite  the  counter- 
l)alances.  Because  of  neglect  of  these  two  important  matters 
shf)rt  lengths  of  track,  on  several  roads,  have  been  badly  damaged 
within  a  year,  and  a  few  bridges  have  had  tie  rods  broken.  How 
much  track  has  been  injured,  and  how  many  bridges  have  been 
weakened  by  hauling  dead  engines  in  freight  trains,  there  is  no 
means  of  knowing,  as  it  is  only  when  the  track  is  quite  badly 
damaged,  and  parts  of  the  bridges  are  cracked  or  broken,  that  the 
track  and  bridge  inspectors  discover  the  damages.  Probably  it  is 
only  when  the  damage  is  serious  and  takes  ])lace  within  a  very 
short  time,  and  in  tljis  way  is  made  impressive,  that  the  inspectors 
will  report  such  damage  and  give  the  true  cause. 
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No  doubt  heavy  locomotives  injure  the  track  more  than  lighter 
ones  because  of  the  greater  weight,  but  it  is  by  no  means  certain 
that  the  heaviest  consolidation  engines,  or  engines  having  great 
weight  per  wheel,  when  run  at  moderate  speeds,  injure  the  track 
as  much  as  lighter  locomotives  when  run  at  high  speeds,  yet,  if 
the  heavier  locomotive  was  run  at  the  same  high  speeds  with 
equal  weight  of  "excess  balance,"  the  effect  would,  of  course, 
be  worse.  The  point  of  this  is,  that  when  track  is  damaged,  par- 
ticularly at  the  foot  of  grades,  the  cause  may  not  always  be 
found  with  the  heavier  locomotives  having  the  greatest  weight 
per  wheel,  but  is  more  likely  to  be  found  with  those  engines 
having  small  wheels  and  heavy  reciprocating  parts,  where  the 
number  of  revolutions  per  minute  is  high,  although  the  speed  may 
be  moderate. 

An  important  example  of  damaged  track  caused  by  light 
engines  is  one  that  occurred  last  year  on  a  line  where  there  are 
engines  with  weights  per  wheel  varying  from  13,000  to  18,000 
pounds,  the  types  being  eight-wheelers,  ten- wheelers  and  consolida- 
tions. The  damage  was  caused  by  the  lightest  type  of  engine 
running  at  an  excessive  speed  on  a  down  grade.  In  another  case 
a  light  eight-wheeler  was  run  without  rods  in  a  freight  train  at  50 
miles  an  hour,  and  the  result  was  two  miles  of  badly  damaged 
track  and  two  broken  bridge  rods.  In  another  case  a  consoli- 
dation engine  was  broken  down  on  one  side  and  the  rods  were 
taken  off  on  that  side  and  the  engine  was  run  faster  than  schedule 
speed  to  make  up  time.  The  effect  was  several  miles  of  bent 
rails. 

The  bends  are  seldom  noticeable  unless  they  are  as  much  as 
one-eighth  of  an  inch.  Occasionally  the  bends  are  as  much  as  one 
inch  vertically  and  half  an  inch  horizontally  inwards  toward  the 
centre  of  the  track,  the  horizontal  bending  being  undoubtedly  due 
to  the  fact  that  the  rail  is  supported  on  the  bottom  flange  and  the 
load  is  applied  on  top,  and  generally  nearer  the  inner  than  the  outer 
edge,  as  shown  by  the  arrow.  Fig.  77.  It  is  quite  to  be  expected 
that  the  rail  should  bend  inward  at  the  top,  as  such  is  the  case 
with  all  rolled  sections  when  tested  beyond  the  elastic  limit  with 
loads  applied  in  the  same  way.  This  tendency  toward  the  inner 
bending  is  no  doubt  increased  by  the  yielding  character  of  the 
support,  viz.,  the  wooden  tie  under  the  rail. 

It  has  been  held  that  the  lateral  throw  of  the  rear  end  of  loco- 
motives will  cause  the  lateral  bending  of  the  rails.     It  is  claimed 
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that  when  the  right-hand  crank  leads,  for  instance,  and  the 
reciprocating  parts  and  rods  are  on  the  rear  dead  centre  on  the 
ri'^ht  side,  there  is  sufficient  lateral  pressure  to  bend  the  rails 
inward  on  the  right  side.  The  reasons  given  are  that  at  that 
point  of  revolution  there  is  one  of  the  maximum  tendencies  to 
and  the   right  wheel  is  on  the  rail  with  about  the 

normal  load,  while  the  left  wheel 
at  excessive  speeds  is  off  the  rail, 
the  left  hand  counterbalance  being 
up.  It  is  held  that  the  rear  of 
the  locomotive  slides  to  the  left 
on  the  right  rail  and  drags  that 
rail  with  it.  It  is  clear,  however, 
that  any  action  of  this  kind,  while 
it  might  give  the  rail  a  long  inward 
bend,  could  not  give  it  a  short 
bend  inward.  If  the  normal 
weight  of  the  rear  wheel  on  the 
rail  was  ten  tons,  the  lateral  force 
might  be  as  great  as  6,000  pounds. 
This  is  a  considerable  force,  and  the 
moment  of  it  around  the  centre  of 
the  engine  is  177,000  foot  pounds. 
If  the  tendency  to  "  nosing  "  was 
sufficient  to  cause  this  moment 
the  lateral  shaking  would  be  very  severe,  and  that  is  one  reason 
why  this  theory  is  not  apparently  correct. 

The  value  of  heavy  bridge  floors,  ballasted  with  rock,  as  a 
means  of  reducing  the  vibration  of  bridges  when  locomotives  are 
passing  over,  is  apparent  from  the  evident  effect  of  the  "excess 
balance "  in  producing  wide  and  rapid  variations  of  rail  press- 
ures. 

Contrary  to  what  one  might  suppose  from  the  extent  of  the 
discussion  there  is  nothing  to  prevent  practically  perfect  counter- 
balancing. Theoretically  it  is  not  possible  to  exactly  counter- 
balance the  reciprocating  parts  of  a  locomotive  with  a  balance 
revolving  in  the  wheel,  but  practically  the  weight  of  the  locomotive 
is  so  great  in  proportion  to  the  forces  remaining  unbalanced  that 
the  engine  is  not  more  shaken  than  can  be  permitted.  To  keep 
a  locomotive  in  perfect  balance  the  centre  of  gravity  of  the  whole 
machine  must  remain  in  the  same  position  longitudinally  and 


Fig.  77. 

Pressure  applied  at  one  side  of  the 
centre  of  rail,  causing  it  to  bend 
inward. 
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vertically  at  all  times,  but  this  can  only  be  wlien  the  parts  are 
moving  in  such  a  way  as  not  to  disturb  the  centre  of  gravity.  If 
one  part  moves  ahead  another  part  of  equal  weight  must  move 
back  an  equal  distance  with  the  same  velocity  at  all  times ;  that 
is,  when  the  two  parts  start  from  the  same  point.  But  if  the 
parts  start  from  different  points  the  weights  or  the  velocities 
must  be  different,  that  is  to  say,  the  parts  must  always  so  move 
that  the  centre  of  gravity  is  unchanged.  If  the  reciprocating 
parts  are  heavy  and  the  engine  is  light,  the  unbalanced  forces 
may  be  greater  than  can  be  permitted,  but  as  engines  are  now 
built  and  balanced  the  result  is  practically  perfect  so  far  as  the 
locomotive  is  concerned. 

The  effect  on  the  track  depends  little  upon  the  method 
adopted  for  counterbalancing,  and  is  almost  wholly  fixed  by  the 
weight  of  the  reciprocating  parts.  In  any  given  locomotive  there 
can  be  unbalanced  forces  without  shaking  the  engine  too  much, 
and  the  amount  of  the  unbalanced  force  that  can  be  permitted 
depends  upon  the  gross  weight,  and,  also,  somewhat  upon  the 
length  of  the  engine.  The  longitudinal  shaking,  called  "  plung- 
ing," is  not  affected  by  the  length  of  the  engine,  but  the  lateral 
shaking,  called  "  nosing,"  is  generally  less  with  long  engines  than 
with  short  ones,  as  the  inertia  of  the  locomotive  and  the  moment 
of  the  resistance  of  the  friction  of  the  drivers  to  lateral  slipping 
is  greater. 

If  the  cranks  on  opposite  sides  of  the  engine  could  be  placed 
at  the  same  angle,  that  is,  both  ahead  or  back  at  the  same  time, 
there  would  be  no  tendency  to  "  nosing,"  as  the  forces  that  pro- 
duce it  would  balance.  When  the  cranks  are  at  90  degrees  the 
maximum  tendency  to  "  nosing  "  occurs  at  the  different  points 
of  revolution  on  the  two  sides.  This  is  true  of  the  steam  valve 
inertia  as  well  as  the  inertia  of  the  reciprocating  parts.  When 
the  cranks  are  at  180  degrees,  the  resultant  force  which  produces 
*'  nosing  "  is,  in  the  main,  doubled,  and,  so  far  as  "  nosing  "  is  con- 
cerned, it  is  easier  to  balance  locomotives  having  two  cranks  when 
the  cranks  are  at  90  degrees  than  when  at  180  degrees. 

Owing  to  the  fact  that  the  counterbalances  in  locomotive 
drivers  are  not  in  the  same  plane  vertically  as  the  crank  pins  and 
rods  which  they  balance,  there  is  a  resultant  turning  force,  tend- 
ing to  turn  the  locomotive  laterally  or  cause  "  nosing." 

Perfection  of  counterbalance  of  reciprocating  parts  is  not  only 
unnecessary,  but  quite  undesirable,  as  it  increases  the  effect  of 
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the  counterbalances  on  tlie  track.  The  part  of  the  counterbal- 
ance which  affects  the  track  is  not  that  part  which  is  used  for  the 
revolvinf^  weight,  as  that  is  balanced  in  all  positions  by  the  re- 
volving parts.  It  is  the  part  that  is  used  for  the  reciprocating 
parts,  and  known  as  the  "  excess  balance,"  that  injures  the  track, 
as  its  centrifugal  force  is  counteracted  only  horizontally.  Yerti- 
callv  this  part  of  the  counterbalance  is  free  to  lift  the  wheel  from 
the  track  or  increase  the  pressure  on  the  rail,  and  this  is  the  only 
reason  why  it  is  very  desirable  to  use  as  little  counterbalance 
for  the  reciprocating  parts  as  possible.  If  all  counterbalance  for 
reciprocating  parts  is  omitted,  the  effect  is  to  cause  "  plunging  " 
and  ''  nosing.''  With  a  given  weight  of  unbalanced  reciprocating 
parts  and  a  given  speed,  the  lighter  the  engine  the  greater  will  be 
the  oscillation,  both  in  "nosing"  and  "plunging."  The  heavier 
the  locomotive,  the  less  will  be  the  per  cent,  of  reciprocating 
weight  that  needs  to  be  counterbalanced.  The  limit  of  the  coun- 
terbalance that  must  be  used  for  reciprocating  parts  is  found 
when  the  oscillations  are  not  too  disagreeable  for  the  engineer 
and  fireman,  and  for  the  mail  clerks  in  the  postal  cars,  which  are 
usually  run  at  the  head  of  the  train.  The  "  plunging  "  oscillations 
are  the  only  ones  that  affect  the  cars,  and  these,  even  in  rather 
extreme  cases,  do  not  extend  farther  than  the  third  or  fourth  car 
from  the  engine. 

The  effect  of  the  "  excess  balance  "  is  peculiar,  and  has  been 
studied  by  mathematical  analysis  in  a  limited  way,  and  by  chalk- 
ing the  track  and  running  a  locomotive  over  at  high  speed.  In 
such  cases  it  has  been  found  that  the  drivers  lifted  from  the  track. 
Tiie  distances  between  the  depressions  of  the  rails  correspond 
nearly  with  the  circumference  of  the  driving  wheels.  The  same 
effect  is  produced  to  a  greater  extent  when  locomotives  are  hauled 
over  the  road  at  fast  freight  speeds  with  the  rods  removed.  In 
Rueh  cases  nearly  all  of  the  counterbalance  weight  becomes  an 
"  excess,"  and  is  to  be  treated  just  as  an  "  excess  balance  "  for 
reciprocating  ])arts.  Damage  to  the  track  from  this  origin  has 
caused  orders  to  be  issued  on  some  roads  that  locomotives  with- 
out rods  shall  not  be  hauled  at  a  speed  exceeding  twenty  miles 
an  hour.  Professor  Goss,  at  Purdue  University,  has  shown  very 
clearly  that  locomotive  drivers  lift  from  the  track  at  high  speeds  * 

It  was  proposed  by  the  Master  Mechanics'  Association  in  1886 

♦?oe  paper  No.  625  of  this  meeting,  Transactions  A.  S.  M.  E.,  Vol.  XVI., 
p.  305. 
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(see  Proceedings,  p.  156),  that  an  apparatus  be  constructed  for 
measuring  the  elfect  of  the  "  excess  balance,"  and  drawings  were 
made,  but  the  machine  was  not  built.  The  inefficiency  of  any  such 
apparatus  appears  from  the  fact  that  when  strong  enough  to  with- 
stand the  shock  its  weight  would  be  so  great  that  its  inertia  would 
destroy  the  accuracy  of  the  record.  In  dynamometer  car  work 
the  car  is  placed  next  to  the  locomotive  ;  and  the  oscillation  longi- 
tudinally due  to  the  unbalanced  portion  of  the  reciprocating 
parts,  even  on  what  are  considered  to  be  well-balanced  engines,  is 
distinctly  visible  on  the  diagram.  The  effect  of  the  oscillations  is 
to  cause  a  variation  of  the  recording  pencil,  which  corresponds 
with  the  revolutions  of  the  drivers.  This  small  oscillation  is 
neither  disagreeable  to  the  engineer  and  fireman  nor  detrimental 
to  the  locomotive.  To  get  perfection  of  counterbalance,  locomo- 
tives have  been  hung  up  on  chains  clear  of  the  track  and  have 
been  run  at  high  speed.  A  pencil  attached  to  the  front  of  the 
engine  describes  an  ellipse  in  a  horizontal  plane  with  an  axis  in- 
clined to  the  centre  of  the  locomotive.  It  is  possible  to  add  suffi- 
cient balance  and  so  locate  it  as  to  reduce  the  amplitude  of  the 
vibrations  in  a  horizontal  plane  to  a  very  small  amount,  but  such 
perfection  is  not  necessary  in  practice  and  is  not  desirable,  as  it 
requires  more  "excess  balance,"  and  the  bad  effect  on  the  track 
is  increased. 

The  Cycloidal  Path. — While  it  is  true  that  a  counterbalance 
travels,  w4th  respect  to  the  surface  of  the  earth,  in  a  path  that 
resembles  a  cycloid  and  is,  in  fact,  a  trochoid,  yet  with  respect  to 
the  engine  the  counterbalance  travels  primarily  in  a  circle,  and 
only  varies  from  that  path  with  respect  to  the  engine  when  the 
rail  deflects  or  the  driver  lifts  from  the  raiL  It  seems  hardly 
necessary  to  say,  that  in  making  calculations  about  the  effect  of 
the  counterbalance,  either  on  the  track  or  on  the  locomotive,  the 
trochoidal  path  with  respect  to  the  surface  of  the  earth  need 
not  be  taken  into  account  any  more  than  it  is  necessary  to  con- 
sider the  trochoids  which  the  counterbalance  describes  when 
referred  to  the  path  of  the  earth  around  the  sun,  and  the  still 
other  trochoids  which  astronomers  tell  us  all  objects  on  the  sur- 
face of  the  earth  are  describing  in  space.  The  only  reason  for 
mentioning  this  fact  here  is,  that  it  has  been  said  that  analyses 
of  the  effect  of  counterbalances  are  not  of  much  account  unless 
they  are  based  on  the  trochoidal  path.  The  fallacy  of  such  an 
assumption  is  perhaps  made  apparent  when  one  remembers  that 
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tlie  effect  of  tlie  counterbalances  is  the  same  whether  the  track 
stands  still  with  respect  to  the  earth  and  the  locomotive  runs 
over  it,  or  the  locomotive  stands  still  with  respect  to  the  earth 
and  the  track  is  moved.  The  fundamental  principles  of  the 
effect  of  counterbalances  are  simple ;  it  is  only  the  varied  con- 
ditions of  elasticity  of  track  and  the  angularit}^  of  the  cranks 
that  makes  the  problem  somewhat  complicated  in  practice. 

Extent  and  Location  of  Balanced  and  Unbalanced  Forces. — Fig.  78 
shows  the  plan  and  Fig.  79  the  elevation  of  the  principal  driving 
mechanism  of  an  outside  cylinder  locomotive,  that  being  the 
type  now  under  examination.  The  cranks  are  at  90  degrees,  the 
right  hand  crank  leading.  It  will  be  noticed  that  the  centre  of 
tlie  connecting  rod  is  outside  of  the  parallel  rod,  and  the  centre 
of  the  parallel  rod  is  outside  of  the  centre  of  the  counterbalances 


Right    U  "T"  "r 

Fig.  78. — Location  of  forces  in  liorizon-   Fig.  79. — Location  of  forces  in  vertical 
tal  plane.  plane. 

in  this  design.  In  most  fast  engines  the  centre  of  the  connecting 
rod  is  inside  of  the  centre  of  the  parallel  rod.  The  forces  tend- 
ing to  rotate  the  engine  horizontally  when  looking  down  on 
the  engine,  are  shown  by  the  arrows.  The  centrifugal  force 
of  the  counterbalances  acts  practically  over  the  rail  line,  but 
the  centrifugal  force  of  the  revolving  parts,  and  the  inertia  of 
the  reciprocating  parts,  act  outside  of  the  rail  line.  The  re- 
sultant of  these  forces  tends  to  revolve  the  engine  first  in  one 
direction  and  then  in  the  other,  and  thus  cause  "  nosing." 
^^  hen  the  cranks  are  on  the  opposite  end  of  the  stroke  from 
that  shown,  the  tendency  to  revolve  in  a  horizontal  plane  is  in 
the  opposite  direction. 

The  forces  tending  to  produce  "  nosing  "  may  be  divided  into 
two  parts  for  examination,  first,  those  arising  from  the  centrifugal 
forces  of  the  revolving  parts  and  their  counterbalances.  These 
forces  are  equal,  as  the  revolving  parts  should  always  be  fully 
counterbalanced.  Second,  the  inertias  of  the  reciprocating  parts 
and  the  centrifugal  forces  of  the  counterbalances  that  are  used 
for  reciprocating  parts  and  known  as  the  "  excess  balance." 
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The  inertia  and  the  centrifugal  force  of  the  "excess  balance  " 
are  not  equal,  as  only  about  two-thirds  of  the  reciprocating 
parts  are  generally  balanced,  and  there  is,  therefore,  a  prepon- 
derance of  inertia  which  may  be  termed  the  "  excess  of  inertia." 
This  "excess"  can  be  greater  on  heavy  engines  than  on  light 
ones,  as  a  given  "  excess  "  will  shake  a  heavy  engine  less  than  a 
light  one.  In  this  consideration  of  the  forces  producing  "  nos- 
ing," the  horizontal  component  of  the  centrifugal  forces  is  meant 
when  those  forces  are  referred  to. 

Taking,  as  an  example,  the  locomotive  that  has  been  considered 
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Fig.  80. — Centrifugal  forces  of  the  revolving  parts  and  tlieir  counterbalance, 

in  another  part  of  this  paper,  Fig.  80  has  been  drawn  to  show 
the  variation  of  the  horizontal  component  of  the  centrifugal 
forces  of  the  revolving  parts  and  their  counterbalances,  omitting 
the  crank  pin  hub  and  that  part  of  the  crank  pin  which  lies 
within  the  hub,  and  also  that  part  of  the  balance  that  is  used 
for  these  parts,  for  the  reason  that  the  centrifugal  forces  of  these 
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Fig.  81. — Moment  of  tlie  centrifugal  forces  causing  nosing. 

masses  do  not  tend  to  produce  "  nosing,"  as  they  revolve  nearly 
in  the  same  plane 

Fig.  81  shows  the  moment  of  the  forces  of  Fig.  80  and  their 
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resultant  moment  around  the  centre  of  the  engine,  and  indicates 
the  tendency  to  "nosing,"  caused  by  these  forces. 

Fig.  82  shows  the  forces  of  the  inertia  of  the  reciprocating 
parts,  and  the  horizontal  component  of  the  centrifugal  forces  of 
the  "  excess  balance  "  used  for  these  parts. 

Fig.  83  gives  the  moment  of  the  forces  in  Fig.  82  and  their 
resultant,  which  indicates  the  tendency  to  "nosing,"  caused  by 
the  reciprocating  parts  and  the  "  excess  balance." 

Fig.  84  shows  the  combined  effect  of  the  inertia  and  centrif- 
ugal forces  to  produce  "  nosing." 

On  these  diagrams  the  lines  have  the  following  signification: 

Fig.  80  :  A  B  is  the  horizontal  component  of  centrifugal  force 
of  the  right  hand  back  end  of  the  main  rod  and  the  crank  pin 
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Fig.  82. 
Inertia  of  the  reciprocating  parts  causing  nosing. 

that  is  within  it.  C  D^  the  same  for  the  right-hand  parallel  rod 
and  the  crank  pin  within  the  rod.  This  last  curve  is  to  be  taken 
twice  in  getting  the  resultant,  as  the  parallel  rod  has  two  ends. 

AxB^  are  horizontal  components  of  the  centrifugal  force  of 
that  part  of  the  counterbalance  used  for  the  main  rod  as  de- 
scribed for  line  A  B.  C^D^  the  same  for  the  parallel  rod  as 
described  for  (J  J).  This  last  curve  is  also  to  be  taken  twice  in 
forming  a  rfisultant  as  described  for  C  D. 

The  dotted  lines  show  the  same  data  for  the  left  hand  side  of 
the  engine,  the  ordinates  of  the  dotted  curves  being  the  same  as 
the  full  curve,  but  displaced  laterally  90  degrees. 

Fig.  H'l:  A  B  is  the  inertia  of  the  reciprocating  parts  on  the 
riglit  hand  side,  allowance  being  made  for  the  angularity  of  the 
connecting   rod.     (J  L\  horizontal    component   of    the  "  excess 
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Fig.  83. — Moments  of  the  inertia  of  the  reciprocating  parts  causing  nosing. 

balance "  used  for  the  reciprocating  parts,  right  side.  Ai^i 
and  CiBi  give  the  same  data  for  the  left  hand  side.  These  are 
the  forces  tending  to  produce  "nosing,"  and  that  result  from  the 
reciprocating  parts  and  their  balances.  The  forces  producing 
"  plunging  *'  are  somewhat  less  in  amount,  as  shown  in  Fig.  85. 
Lines  F  and  i%  Fig.  82,  show  the  inertia  of  the  slide  valve.  The 
dotted  lines  refer  to  the  left  hand  side,  and  the  full  lines  to  the 
right  hand  side. 

Fig.  83  :  Line  A  ^  is  the  moment  of  the  inertia  of  the  recipro- 
ca<ting  parts  on  the  right  side  around  the   centre  of  the  engine. 
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tendiug  to  turu  the  engine  horizontally.  Line  CD  is  the  moment 
of  the  *•  excess  of  balance  "  on  tlie  right  side.  The  dotted  lines 
A^B^  and  CiA  give   the  same  data  about  the  left  hand  side. 


Fig.  84.-romhinod  contrifngnl  force==  nnd  inortia  causing  nosing. 

Lines  E  and  F  show  the  moment  of  the  inertia  of  the  steam 
valve.  The  heavy  curve,  E  F  F,  is  the  resultant  of  these  mo- 
ments, and  indicates  the  relative  tendency  to  "nosing,"  pro- 
ducerl  In-  tlie  reciprocating  parts  at  different  points  of  a  revolu- 
tion. 
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The  ordinates  above  the  horizontal  line  indicate  the  tendency 
to  rotate  the  engine  from  the  right  to  the  left  hand  side  at  the 
front,  and  the  ordinates  below  indicate  the  reverse  tendency. 

Fig.  8-i:  Line  A  B  is  the  resultant  tendency  to  **  nosing"  pro- 
duced by  the  revolving  parts  and  their  counterbalance,  and  is  taken 
from  Fig.  81.  Line  C  D  is  the  resultant  tendency  to  "nosing" 
produced  by  the  reciprocating  parts  and  the  "excess  balance," 
and  is  taken  from  Fig.  83.  Line  ^F  is  the  final  resultant,  and 
shows  a  total  tendency  to  "nosing"  at  diHerent  parts  of  a  revolu- 
tion. 


180' 

3Go°  Fig.  85. 

Resultant  of  the  inertia  of  the  reciprocating  parts  on  both  sides  and  the  tendency 

to  plunging. 

If  the  centre  of  rotation  is  not  taken  at  the  centre  of  the  engine, 
but  is  taken  at  some  other  point,  the  resultant  curve  would  be  dif- 
ferent, except  in  a  special  case  where  the  centre  is  taken  at  one 
rail.  It  happens,  when  one  rail  is  taken  as  the  centre,  that  the 
variation  of  the  forces  follows  about  the  same  law,  and  the  result- 
ant curve  is  the  same.  An  interesting  application  of  this  fact  is 
as  follows :  When  a  locomotive  is  running  at  high  speed  with  a 
large  "  excess  balance,"  and  with  drivers  of  moderate  diameter, 
the  drivers  may  be  oif  the  rail  during  nenrly  a  half  revolution  when 
the  counterbalance  is  up,  and  at  that  time  the  moments  may  be 
taken  with  the  bearing  of  the  wheel  on  the  opposite  rail  as  a  cen- 
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tre.  Supposing  a  case  of  this  kind  with  the  cranks  at  right  angles 
and  the  right  hand  crank  leading,  it  will  then  be  that  the  centre 
of  motion  from  zero  degrees  (that  is,  when  the  right  hand  crank  is 
on  the  front  dead  point  and  the  motion  in  the  direction  of  the 
hands  of  a  watch)  will  be  on  the  left  hand  side  to  90  degrees,  and 
then  both  balances  being  up,  the  wheels  will  be  practically  all  off 
the  track  at  the  same  time  (no  doubt  this  often  happens  in  extreme 
cases),  and  the  moments  should  then  be  taken  around  the  centre  of 
the  engine.  At  180  degrees  the  centre  would  become  the  right 
hand  rail,  and  continue  so  until  360  degrees.  Now  taking  this 
shifting  centre,  it  is  found  that  the  moments  of  rotation  in  a  hori- 
zontal plane  that  tend  to  produce  "  nosing  "  are  the  same  as  when 
the  centre  is  taken  on  the  centre  line  of  the  engine.  They  are  as 
shown  by  line  E  F  E,  Fig.  84.  From  this  it  is  apparent  that  the 
maximum  tendency  to  "nosing"  occurs  about  at  110  and  835 
degrees  of  revolution  when  the  right  hand  crank  leads. 

The  forces  acting  in  a  locomotive  in  motion  that  have  reversal  of 
direction  and  that  are  difficult  to  balance  are  only  those  resulting 
from  the  motion  of  the  reciprocating  parts,  viz.,  the  main  steam 
valves,  the  cross-head,  piston  and  rod  and  part  of  the  main  rod. 
The  steam  valves  are  not  heavy  in  proportion  to  the  whole  loco- 
motive, the  stroke  is  short  at  high  speeds,  and  the  inertia  is 
therefore  small  and  does  not  shake  the  engine  so  much  as  to 
require  independent  balancing.  If  counterbalances  are  placed  in 
the  wheels  to  counterbalance  the  inertia  of  the  valves,  they  should 
be  placed  behind  the  cranks.  It  will  be  seen  from  Figs.  83  and  85 
that  the  inertia  of  the  steam  valves  tends  to  increase  the  "  nosing  " 
and  decrease  the  '*  plunging  "  of  the  engine.  The  relative  amounts 
of  the  inertia  of  the  valves  and  other  parts  are  shown  in  Fig.  82. 

The  revolving  parts  are  perfectly  balanced  by  placing  in  the 
wheels  such  a  mass  that  its  centrifugal  force  shall  be  equal  to  the 
centrifugal  force  of  those  parts,  and  all  that  need  be  considered 
about  the  revolving  parts  is  the  fact  that  the  balances  in  the 
wheels  and  the  revolving  parts  do  not  revolve  in  the  same  ])lane, 
and  this  caiLses  a  tendency  to  "  nosiug,"  which  may  he  counter- 
acted by  putting  an  additional  counterbalance  in  the  wheels  on 
the  opposite  sides  of  the  engine.  This  has  been  explained  in 
Trafisaciions,  Vol.  X.,  ]>.  302,  Lanza. 

Wiion  a  locomotive  moves  laterally  at  the  front  or  rear  end  in 
the  traf^k,  the  point  around  which  it  turns  as  a  centre  is  rather 
diliicult  to  determine,  as  there  are  other  resistances  to  motion 
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beside  the  inertia  of  the  locomotive  itself.  If  a  locomotive  was 
suspended  in  chains  to  test  the  balancing,  as  has  been  done  in 
some  cases,  the  only  resistance  to  turning  would  be  the  inertia  of 
the  engine,  and,  therefore,  the  centre  of  motion  would  be  practi- 
cally around  the  centre  of  gravity;  but  when  the  locomotive  is 
running  on  the  track,  no  material  movement  of  the  front  or  rear 
end  laterally  can  take  place  without  sliding  the  front  or  rear  driv- 
ers laterally  on  the  rail.  Any  motion  to  the  extent  of  the  free- 
dom of  the  body  of  the  locomotive  to  move  independentl}^  of  the 
wheels,  such  as  is  permitted  by  the  lateral  freedom  of  axle  boxes, 
would  approximately  take  place  around  the  centre  of  gravity  of 
that  part  of  the  locomotive  above  the  springs.  This  is  true  of 
such  motion  as  is  permitted  by  the  swing  motion  of  the  front 
truck,  and  the  front  or  rear  of  the  engine  can  oscillate  to  some 
extent  without  moving  the  wheels  laterally  on  the  track  ;  but  all 
the  reciprocating  parts,  except  the  steam  valves,  act  directly  on  the 
crank  pins  which  are  rigid  with  the  wheels.  Therefore,  any  lat- 
eral movement  of  the  engine  that  is  produced  by  the  inertia  of 
these  parts  must  result  from  some  lateral  movement  of  the  driv- 
ers on  the  rail.  It  is  not,  of  course,  necessary  that  the  drivers 
should  move  laterally  so  much  as  the  extreme  "  nosing "  of  the 
engine  would  indicate,  for  the  reason  that  a  slight  movement  of 
the  drivers  laterally  will  set  up  lateral  oscillation  of  the  front  and 
rear  end  of  the  locomotive,  the  amplitude  of  which  depends  on 
the  freedom  of  the  locomotive  in  the  axle  boxes,  etc.  So  that, 
M'hile  the  lateral  motion  of  the  drivers  at  the  front  and  the  rear 
end  may  be  one-half  an  inch,  yet  the  freedom  of  the  locomotive 
in  the  axle  boxes  may  permit  a  motion  of  two  inches,  and  the 
amplitude  of  the  "nosing"  would  be  two  and  one-half  inches. 
Slight  lateral  movement,  due  to  the  inertia  of  the  reciprocating 
parts,  may  set  up  quite  an  appreciable  oscillation  at  the  front 
and  rear  ends. 

In  determining  exactly  the  centre  of  motion  around  which  the 
locomotive  would  turn  horizontally  under  the  effect  of  the  recip- 
rocating parts,  the  resistance  of  the  wheels  to  slipping  laterally  on 
the  track  must  be  taken  into  account.  But  this  is  difficult,  as  the 
pressure  of  the  drivers  on  the  rails  is  variable.  However,  in  prac- 
tical cases,  only  the  maximum  effect  of  the  reciprocating  parts 
need  be  considered.  This  takes  place  when  the  cranks  are  near 
the  dead  centres  forward  and  back.  Commencing  with  the  right 
hand  side,  with  the  locomotive  moving  ahead  and  the  right  hand 
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crank  leading,  the  pressure  of  the  right  hand  drivers  on  the  rail, 
when  the  inertia  of  the  reciprocating  parts  is  greatest,  namely,  at 
the  ends  of  the  stroke  at  0  degrees  or  180  degrees,  is  approxi- 
mately normal ;  that  is,  it  is  about  the  weight  of  the  locomotive 
on  the  track  when  standing  still.     On  the  opposite  side  of  the 
enc^ine,  at  the  same  instant,  the  pressure  of  the  drivers  on  the 
track  is  more  than  normal,  as  the  counterbalance  on  that  side  is 
down.     When  the  right  crank  is  at  180  degrees  the  pressure  of 
the  left  wheela  on  the  track  is  less  than  normal,  as  the  counter- 
balance on  that  side  is  then  up.     It  will  accord  with  practice, 
near  enough  for  a  general  discussion,  if  it  is  assumed  that,  when 
the  counterbalance  is  up,  there  is  no  pressure  on  the  rail,  and, 
when  the  counterbalance  is  down,  there  is  at  least  double  the 
normal  pressure  on  the  rail.     In  this  way  it  is  found  that  the 
resistance  to  lateral  movement  of  the  wheels  on  the  track,  and, 
therefore,  the  resistance  to  lateral   oscillation,  is  greatest  when 
the  two  cranks  are  up — that  is,  the  right  crank  is  about  at  215 
degi-ees — and  it  is  least  when  the  right  crank  is  at  45  degrees. 
Howevei-,  at  high  speeds,  the  peculiar  motion  of  the  centre  of  the 
driving  wheel  vertically  in  the  frame  jaws  makes  it  practically 
impossible  to  determine  where  the  real  centre  of  motion  of  the 
engine  during  "  nosing  "  is  ;  but,  wherever  it  is  taken,  the  "  nos- 
ing," by  calculation,  will  be  found  to  be  practically  the  same  as 
when  it  is  taken  on  the  centre  line  of  the  engine. 

With  the  right  hand  crank  leading,  the  tendency  to  oscillation 
is  slightly  greater  toward  the  right  than  toward  the  left  at  the 
front  end  and  the  reverse  at  the  back  end,  Fee  Fig.  84.  If  the 
left  hand  crank  leads,  the  opposite  is  true,  but  as  the  amplitude 
of  "  nosing  "  is  more  dependent  upon  the  freedom  of  the  locomo- 
tive in  the  boxes  than  upon  the  lateral  sliding  of  the  Avheels  on 
the  rail,  it  is  not  generally  the  case  that  there  is  an  important 
j)reponderance  of  oscillation  to  the  right  of  the  centre  of  the 
track,  or,  practically,  any  more  flange  pressure  on  the  right  rail 
because  of  this  action  when  the  right  crank  leads. 

Plnmjiwj, — The  reciprocating  parts  and  their  balance  are  alone 
the  parts  that  aflfect  "  plunging  "  after  the  train  has  been  raised 
to  a  speed  of  30  or  40  miles  an  hour.  At  lower  speeds  the  vari- 
ation of  the  moment  of  rotation,  or  torque,  at  the  axles  may 
cause  a  lurching  forward  of  the  locomotive  when  the  torque  is 
growing  trj  a  maximum,  and  a  slight  recoil  as  the  minimum  ap- 
proaches. 
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Fig.  85  shows  tlie  "  plunging  "  which  may  be  expected  from  the 
inertia  of  the  reciprocating  parts.  The  polar  curves,  TF,  Z,  F,  Z, 
give  the  horizontal  effect  of  the  inertia  of  the  reciprocating  parts 
on  the  axle  boxes  as  shown  by  the  full  lines  for  the  large  wheel, 
Fig.  86.  The  dotted  curves,  Y  and  Z, 
Fig  85,  represent  the  left  hand  side,  and 
are  so  located  that  the  distances  OP  and 
0  Q  show  the  forward  or  backward  tenden- 
cies for  the  point  of  revolution  R  on  both 
sides.  Below  the  polar  curves,  the  crank 
circle  is  developed  to  form  a  straight  line, 
and  the  polar  ordinates  are  laid  out  verti- 
cally for  the  purpose  of  drawing  a  result- 
ant line.  Line  AB  is  the  pressure,  for- 
ward or  back,  from  the  right  hand  reciprocating  parts,  and 
CD  from  the  left  hand.  A^B^  and  CiD^  are  the  pressures  from 
the  "  excess  balance  "  taken  from  Fig.  87.  The  lines  EF  and 
GH  are  the  steam  valve  inertias,  the  dotted  line  being  for  the 


Fig.  86. 


Front 


V       W 


Fig.  87. — Pressure  of  inertia  of  reciprocating  parts  on  axle  box. 


left  hand  side.  The  pressures  ahead  are  above  the  horizontal 
line,  and  the  pressures  back  are  below.  The  curve  IJ  is  the 
resultant  of  these  forces  and  represents  the  relative  tendency 
to  "  plunging "  at  different  points  of  a  revolution.  The  effect 
is,  at  a  maximum,  about  at  60  and  240  degrees. 
18 
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The  "  excess  balance  "  used  for  these  diagrams  is  two-thirds 
of  that  required  to  approximately  counterbalance  the  recipro- 
cating parts,  and  accords  with  common  practice. 

VARIATIONS   OF   HALL    PRESSURE   DUE    TO   VERTICAL   OSCILLATION 

OF  DRIVERS. 

In  1886  the  roads  leading  from  New  York  city  to  Chicago  were 
competing  in  speed,  and  there  was  much  discussion  about  the  pos- 
sibility of  making  the  run  in  eighteen  hours.  One  road  wishing  to 
do  this  wanted  an  eight-wheel  type  of  engine  that  would  not 
weif^h  more  than  12,500  pounds  per  wheel,  and  this  did  not  per- 
mit the  necessary  boiler  capacity.  The  writer,  in  developing 
plans  for  an  eight-wheel  locomotive  to  do  the  work,  and  dis- 
cussing the  effect  on  the  track,  held  that  the  maximum  pressure 
on  a  rail  was  due  to  two  independent  loads — one  the  static 
load  of  the  locomotive,  and  the  other  the  impressed  load  due  to 
the  centrifugal  force  of  the  counterbalances  when  the  locomo- 
tive is  travelling  at  high  speed.  It  was  then  brought  out  that 
the  impressed  load  was  frequently,  on  the  road  in  question, 
nearly  three  times  the  static  load  of  the  locomotives  in  use,  so 
that  a  locomotive  weighing  20,000  pounds  per  wheel  would  not 
cause  so  great  a  maximum  wheel  lead  as  some  of  the  engines  in 
use,  provided  the  wheels  of  the  heavier  locomotive  were  made 
large  in  diameter  and  the  weight  of  the  reciprocating  parts 
reduced.  At  that  time,  in  further  developing  the  comparison  of 
wheel  loads,  the  complication  of  the  problem,  when  considered 
theoreticall}-,  was  found  to  be  such  that  a  solution  seemed  well- 
nigh  impossible.  The  elements  of  the  problem  indicated  that 
the  maximum  and  minimum  rail  pressures  do  not  occur  when 
the  counterbalance  is  down  or  up,  as  might  at  first  be  sup- 
posed, but  instead  these  occur  either  before  or  after  the  counter- 
balance has  reached  the  upper  or  lower  positions,  according  to 
the  conditions  of  the  action  of  the  engine  at  the  time.  The 
analysis  made  at  that  time  was  based  on  the  assumption  that  the 
whole  drinng  wheel  and  all  its  attachments  could  be  taken  as  a 
revolving  body  rotating  on  a  centre  not  coincident  with  its 
centre  of  gravity;  also  that  for  all  practical  purposes  the 
angular  velocity  could  be  considered  uniform,  as  the  wheel  has 
much  stored  energy  and  is  revolved  by  the  track  even  when  the 
forces  tending  to  produce  revolution  are  small,  and  thus  the 
stored  energy  of  the  whole  train  is  available  to  keep  the  rotation 
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of  the  driver  uniform  up  to  the  point  where  the  resistance  of  the 
driver  to  rotation  (due  to  the  inertia  resulting  from  the  oval  path 
of  the  centre  of  gravity)  is  equal  to  the  adhesion  of  the  driver  to 
the  rail.  Further,  it  was  then  believed  that  the  friction  of  the 
axle  box  in  the  frame  jaws  was  so  small  relating  to  the  other 
forces  acting,  that  its  effect  on  the  character  of  the  rotation  might 
be  omitted  in  a  practical  analysis.  Even  with  this  simplification 
the  analysis  seemed  too^complicated  for  solution  with  reasonable 
accuracy. 

In  1888  Prof.  Gaetano  Lanza,  after  a  brief  consideration  of  the 
specific  j)roblem  presented  to  him  by  the  writer,  gave  the  opinion 
that  the  maximum  and  minimum  rail  pressures  did  not  occur  at 
the  upper  and  low^er  positions  of  the  counterbalance. 

On  several  occasions  the  technical  papers  have  asked  in  their 
columns  for  a  solution  of  the  problem,  but  the  first  useful  infor- 
mation was  gathered  in  1891  by  the  late  Prof.  Arthur  T.  Woods, 
member  of  this  Society,  who  made  an  experiment  with  a  model 
under  assumed  conditions,  the  results  of  which  showed  that  under 
those  conditions  the  maximum  and  minimum  rail  pressures  did 
not  take  place  when  the  counterbalance  was  directly  up  or  down. 
These  results  were  given  first  in  the  Technograjoh,  1891,  and  after- 
wards in  the  Eailroad  Gazette,  August  14,  1891,  p.  560. 

Last  year  Prof.  W.  F.  M.  Goss,  of  Purdue  University,  Indiana, 
kindly  consented  to  determine  from  his  test  locomotive  some 
fandamental  facts  about  the  revolution  of  a  locomotive  driver, 
and  he  devised  the  plan  of  putting  an  iron  wire  between  the 
driver  and  the  carrying  wheels  to  learn  where  the  driver  left 
the  rail  and  where  the  pressure  was  greatest.  The  results 
showed  that  the  maximum  lift  and  maximum  pressure  did  not 
occur  when  the  counterbalance  w^as  directly  up  or  down,  and, 
further,  that  succeeding  revolutions  did  not  give  duplicate  results. 
This  last  Professor  Goss  attributed  to  the  fact  that  the  engine 
rolled  side  wise  on  the  driving  springs  and  so  varied  the  piessure 
on  the  rail. 

This  year  Mr.  K.  A.  Parke,  of  IS'ew  York  city,  becoming 
interested  in  the  problem,  made  a  mathematical  analysis  of  the 
character  of  the  revolution  of  a  driving  wheel,  and  presented 
the  result  in  a  paper  before  the  New  York  Railroad  Club,  which 
was  published  in  the  Proceedings  in  February,  189^,  and  after- 
wards given  quite  fully  in  the  Bailroad  Gazette,  February  23, 1894, 
p.    136.      Mr.    Parke's   conclusion    was,   that   the   character    of 
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the  rotation  was  such  that  the  maximum  and  minimum  rail 
pressures  occurred  when  the  counterbalance  was  directly  above 
or  below.  Later  Mr.  Parke  found  that  his  analysis  did  not  take 
into  account  all  of  the  conditions,  and  being  occupied  with  other 
important  work  was  unable  to  proceed  further  with  the  theoretical 
investigation. 

During  the  early  part  of  the  present  year  some  practical  work, 
on  which  the  writer  w^as  engaged,  demanded  the  completion  of 
the  investigation,  and  it  was  thought  best  to  call  for  expert  assist- 
ance in  the  matliematical  work,  and  Prof.  J.  Burkitt  Webb,  a 
member  of  this  Society,  kindlj^  consented  to  undertake  the  solu- 
tion, and  his  results  were  received  in  September.  The  problem, 
as  presented  to  Professor  Webb,  was  as  follows : 

Angular  velocity,  constant. 

Driving  wheel  held  from  horizontal  oscillation,  and  can  only 
move  around  the  centre  of  motion,  which  centre  is  the  driving 
box,  the  driving  box  being  held  by  the  spring  of  the  rail  below 
and  the  driving  spring  above ;  and  the  driving  box  can  oscillate 
vertically  between  the  guides  that  are  held,  for  all  practical  pur- 
poses of  this  problem,  rigid  in  a  longitudinal  direction. 

The  mass  of  the  driving  wheel  is  considered  as  concentrated 
at  its  centre  of  gravity,  which  centre  of  gravity  does  not  coincide 
with  the  centre  of  motion. 

Professor  Webb's  analysis  is  given  in  the  Appendix  to  this 
paper.  In  general  his  conclusion  is  that  the  exact  general  solu- 
tion of  the  problem  is  more  complicated  and  less  practical  than 
tlie  method  of  approximation  which  he  has  offered.  Also,  that 
the  path  of  the  centre  of  gravity  of  the  wheel,  which  is,  of  course, 
the  thing  sought,  is  not  an  ellipse  with  a  vertical  axis,  neither  is 
it  an  ellipse  at  all,  but  a  combination  path  having  no  regular 
geometrical  figure ;  and  the  maximum  lift  of  the  wheel  and  the 
maximum  pressure  on  the  track  may  not  take  place  at  the  same 
points  in  two  successive  revolutions.  Further,  in  applying  the 
method  of  approximation,  it  is  necessary  to  take  some  motion,  as 
a  basis  to  start  from,  in  which  tlie  angular  velocity  is  the  same 
as  in  the  si)ecific  case,  and  following  the  body  around  in  its 
revolution  with  mathematical  calculation  until  succeeding  revolu- 
tions repeat,  or  nearly  rej)eat,  in  character ;  but  it  must  not  be 
expected  that  tlie  motion  will  repeat  indefinitely. 

A  simple  expression  of  the  formula  for  the  approximate  path  is 
aa  follows : 


I 
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The  distance  of  the  centre  of  the  axle  box  above  or  below  the 
normal  position,  when  the  wheel  is  at  rest,  for  any  angle  of  revo- 
lution a  from  the  top  quarter,  is : 

S  =  -  F  +  -^■3  _  ^ ,  cos.  a  +  bcos.  ~  (a  -  B). 

The  velocity  of  the  wheel  in  its  vertical  path  at  any  angle  of 
revolution  a  from  the  top  quarter  is  : 

^=  -  j^2_  Qt  sill-  0.-TJI  sin.   -^  (a  -  B). 

In  these  equations  the  origin  is  taken,  for  simplicity's  sake,  at 
the  top  quarter;  that  is,  when  the  crank  is  270  degrees  from  the 
front  dead  point. 

5  is  the  distance  of  the  centre  of  the  wheel  above  the  position 
which  it  has  when  the  locomotive  is  at  rest. 

V  is  the  vertical  velocity  of  the  centre  of  the  wheel  in  the  frame 
laws. 

p  =  — ^ — a,  m  which  N  is  the  stiffness  of  the  driving  spring 

and  the  spring  of  the  rail  combined,  divided  by  the  stiffness  of 
the  driving  spring.  The  stiffness  is  the  resistance  per  foot  of  de- 
flection. 

r  is  the  distance  in  feet  between  the  centre  of  the  wheel  and 
the  centre  of  gravity  of  the  w^heel. 

0  is  the  angular  velocity  of  the  wheel  or  the  velocity  in  feet  of 
a  point  at  the  end  of  a  one-foot  radius. 

U  is  the  square  root  of  the  "  specific  strength"  of  the  driving- 
spring,  or  of  the  driving  spring  and  the  spring  of  the  rail  taken 
together,  according  to  whether  the  wheel  is  on  the  rail  or  off,  the 
equation  having  different  values  of  constants  for  the  two  condi- 
tions. The  "  specific  strength  "  of  a  spring  is  the  resistance  per 
foot  of  deflection  divided  by  the  mass  of  oscillating  parts ;  it  is 
the  stiffness  of  the  spring  per  unit  of  mass  of  the  oscillating  parts. 

a  is  the  angle  of  revolution  in  degrees  from  the  top  quarter, 
which  is  270  degrees  of  revolution  from  the  front  dead  point. 

6  is  a  constant  that  depends  on  the  conditions. 

B  is  an  angle  in  degrees  that  is  constant  for  each  one  of  the 
different  equations. 

To  apply  these  equations  it  is  only  necessary  to  assume  the  driv- 
ing wheel  to  be  in  any  definite  place  verticall}^  for  any  position  of 
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the  crank  aud  to  have  any  vertical  velocity  either  up  or  down.  It  is 
evident  that  as  the  wheels  bound  along  over  the  track  they  have  an 
infinite  variety  of  positions  in  the  frame  jaws,  and  their  positions 
have  no  reguhxrity.  So  that  any  reasonable  values  within  the 
limits  of  the  machinery  can  be  given  to  S,  a,  and  V,  and  the  verti- 
cal oscillations  may  be  studied  without  getting  outside  of  practi- 
cal cases.  Perhaps  the  simplest  thing  to  do  is  to  take  the  value 
of  S  and  V  as  zero,  and  a  as  90  degrees,  and  then  go  forward 
with  the  work  by  substituting  these  values  in  the  equations  and 
solving  for  b  and  £.  This  is  simple  algebraical  work.  Then 
substitute  h  and  B,  and  let  a  increase  indefinitely,  and  note  the 
changes  of  S. 

This  formula  does  not  take  into  account  the  effect  of  the  fric- 
tion of  the  axle  boxes  in  the  jaws  of  the  frame  on  the  shape  of 
the  path,  as  the  friction  is  itself  an  irregular  variable,  and  would 
have  made  the  solution  more  complicated  than  is  practically 
necessary.  The  effect  of  friction  is  to  alter  the  shape  of  the 
path,  and  the  extent  of  the  alteration  is  dependent  upon  the 
amount  of  the  work  done  on  the  body  by  the  friction  during  a 
revolution,  in  comparison  with  the  forces  acting  to  produce  rota- 
tion and  the  stored  energy  of  the  body.  The  following  shows 
approximately  the  work  done  by  friction  and  the  stored  energy 
in  the  practical  example  now  being  considered : 


140  — 
120— 
100  — 

SO  — 

CO— 

40 

20—1 


Fio.  HH.  —  Indicator  cards  for  speciT^c  example. 


Fig.  88  shows  typical  indicator  cards  from  a  locomotive  at  70 
miles  an  hour,  modified  to  allow  for  an  increase  of  speed  to  90 
miles,  which  is  the  condition  of  the  assumed  case.     This  is,  of 
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course,  an  approximation,  but  will  answer  for  the  purpose  of 
indicating  a  probable  effect  of  friction  on  the  shape  of  the  path 
of  revolution  of  the  centre  of  gravity  of  the  driving  wheel. 

Fig.  89  shows  the  effective  steam  pressure  on  the  pistons, 
allowing  for  back  pressure  and  the  pressure  on  the  axle  boxes 
against  the  jaws  of  the  frame,  against  which  they  slide  vertically, 
allowing  for  the  obliquity  of  the  connecting  rods.  The  polar 
curves  around  the  centre  of  the  axle  show  the  variations  of  the 
pressure  on  the  axle  box  against  the  jaws  caused  by  the  steam 
pressure  on  the  piston.  The  dotted  curves  show  the  effect  of 
using  small  drivers ;  the  pressure  is  decreased  during  the  first 
quarter   and   increased  just  after  the   rear   dead   point.     The 


Fig.  89. — Axle-box  pressures  due  to  steam  pressure  on  piston. 


smaller  the  driver  for  a  given  length  of  crank,  the  greater  is  the 
variation  of  this  pressure.  The  small  curves,  A  and  J5,  show  the 
relative  amounts  of  the  pressure  of  the  piston  that  goes  to  the 
contact  of  the  rail  and  the  wheel  at  C  and  to  the  axle  box.  The 
fact  that  more  of  the  force  of  the  piston  pressure  goes  to  the  rail 
in  the  case  of  the  small  driver,  as  is  shown  by  the  dotted  curve 
B  being  larger  than  A^  is  not  important,  but  only  shows  what  is 
well  known ;  namely,  that  for  the  same  piston  pressure,  a  loco- 
motive will  pull  more  with  a  small  wheel  than  with  a  large  one, 
provided,  of  course,  that  the  adhesion  is  sufficient  to  prevent 
slipping.  The  direction  of  the  axle  box  pressure  is  readily 
understood  from  the  curves  of  steam  pressures  given  on  the  right 
of  this  figure  at  DE,     The  pressures  above  the  horizontal  line 
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are  to  the  right,  and  pressures  below  are  to  the  left.  The  right 
haud  side  of  the  engine  only  is  shown  in  this  figure.  The 
amount  of  pressure  at  any  point  of  revolution  is  the  length  of 
the  radial  line  drawn  from  the  centre  to  the  polar  curve  as  at  F 
for  the  point  of  revolution  G,  The  method  of  dividing  the  pis- 
ton pressures  into  two  parts,  namely,  that  going  to  the  axle  box, 
and  that  going  to  the  rail,  is  indicated  on  Fig.  86. 

Fif^.  87  shows  the  pressure  of  the  axle  box  on  the  frame  jaws 
that  is  due  to  the  inertia  of  the  reciprocating  parts.  The  lines 
.J/>  and  CD  are  the  curves  showing  the  inertia  of  the  piston  at 
different  points  of  the  stroke,  allowance  being  made  for  the 
obliquity  of  the  connecting  rod.  The  straight  dotted  lines  indi- 
cate the  inertia  when  no  allowance  is  made  for  the  length  of  the 
rod  and  assuming  pure  harmonic  motion  of  the  piston.  The 
large  polar  curves,  E  and  i^,  show  the  pressure  that  goes  to  the 
axle  box,  and  the  small  curve,  G  and  H,  shows  the  pressure  that 
goes  to  the  rail  contact.  The  dotted  polar  curves  show  the 
pressures  for  small  driving  wheels. 

The  method  of  laying  out  these  polar  curves  graphically  is  as 
follows : 

The  line  of  the  connecting  rod,  as  P  Q,  is  extended  to  meet 
the  vertical  line  at  i?,  and  a  horizontal  line,  B  Sy  is  drawn  as 
shown.  The  force  PT  is  laid  off  horizontally  at  U  and  V,  and 
lines  are  drawn  from  U  to  W  and  from  V  to  the  centre.  The 
distances  R  S  and  B  X  represent  the  pressures  on  the  axle  box 
and  rail  contact  respectively.  The  forces  are  then  laid  off  on 
the  line  of  the  crank  as  at  Y.  This  graphical  method  was  used 
in  describing  the  polar  curves  on  Fig.  89. 

Besides  the  axle  box  pressures  due  to  the  steam  pressure  and 
the  inertia  of  the  reciprocating  parts,  there  is  that  due  to  the 
"  excess  balance  "  that  is  used  for  the  reciprocating  parts.  This 
is  determined  from  Fig.  86,  in  which  the  curves  A  and  B  are  the 
polar  curves  giving  the  horizontal  component  of  the  centrifugal 
force  of  the  *'  excess  balance,"  such  as  0  1^  for  any  point  of  revolu- 
tion 0.  The  centrifugal  force  of  the  strictly  revolving  parts  and 
their  balances  practically  balance  each  other,  and  need  not  be 
considered  in  determiniog  the  friction  of  the  axle  box  in  the 
guides. 

Taking  the  friction  between  the  axle  boxes  and  the  jaws  as  one 
per  cent,  these  parts  being  well  oiled  and  the  boxes  free  to  move, 
Fig.  OO  shows  the  total  axle-box  pressure  at  different  points  of  the 
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Fig.  90. — Axle-box  pressures  for  back 
driver,  and  the  effect  of  friction  on  the 
shape  of  the  path  of  the  centre  of 
gravity. 
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Fig.  91. — Path  of  centre  of  grav- 
ity around  centre  of  motion 
duriiig  succeeding  revolutions. 
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revoliitiou  and  at  different  parts  of  the  vertical  path 
box  in  the  frame  jaws.  The  vertical  path  is  taken 
as  correspouding  with  a  typical  oscillation  deter- 
mined by  the  calculations  which  give  Fig.  91, 
except  that  to  simphfy  matters  the  axis  of  the 
typical  jiath  of  the  centre  of  gravity  is  taken  as 
vertical  instead  of  inclined.  The  degrees  of  revo- 
lution are  marked  on  the  diagram,  and  the  hori- 
zontal distances  to  the  right  and  to  the  left  indi- 
cate the  resultant  of  the  several  axle-box  pressures 
determined  from  Figs.  89,  86,  and  87.  The  shaded 
sections  show  where  the  area  of  the  curves  over-, 
lap,  and  the  sectioned  parts  are  to  be  taken  twice 
in  finding  the  work  done  per  revolution  in  over- 
coming the  friction  of  the  axle  box  in  the  jaws. 
The  rectangle  ABCD  is  jjroportional  to  the 
stored  energy  in  the  wheel  due  to  its  maximum 
vertical  velocity  in  the  frame  jaws,  and  the  rect- 
angle AE F D  is  proportional  to  twice  the  work 
done  in  overcoming  the  friction  during  a  full  ver- 
tical oscillation  up  and  back. 

The  effect  of  the  friction  on  the  shape  of  the 
path  of  the  centre  of  gravity  must  be  small,  as 
these  rectangles  indicate.  The  irregularities  in 
the  track  affect  the  shape  of  the  path  so  much 
that  the  friction  may  be  neglected. 

The  extension  of  Professor  Webb's  analysis 
of  the  special  case  is  given  in  Fig.  92  from  A 
to  B.  The  labor  required  to  make  the  calcu- 
lations is  so  stupendous  that  the  extension  was 
discontinued  at  B.  The  work  involves  very  close 
calculations  of  the  junction  angles  and  no  incon- 
siderable amount  of  labor  in  determining  the 
values  of  h  and  B  in  the  equations.  It  must  be 
remembered  that  for  every  change  in  condition  of 
revolution,  that  is,  whenever  the  wheel  leaves  the 
rail  or  returns  to  it,  a  new  equation  must  be 
used,  and  to  determine  the  values  of  the  con- 
stants in  each  new  equation,  the  junction  angles 
and  velocities  have  to  be  accurately  calculated. 
The  laljor  in  this  work  was  much  reduced  by  tabu- 
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lating  the  values  of  the  repeating  factors  in  the  equations,  and 
by  having  printed  forms  of  the  typical  equations  and  of  the 
elementary  processes  of  solving  the  equation  for  the  new  con- 
stants. 

The  similarity  of  the  repetitions  at  A,  C,  B  indicate  that  there 
is  a  tendency  to  repeat  the  path  after  a  number  of  revolutions, 
but  it  has  been  impossible  to  carry  the  work  far  enough  to  de- 
termine this,  and  it  would  not  be  of  any  practical  value  to  do  so, 
for  the  reason  that  all  that  need  be  sought  for  in  this  line  of 
investigation  has  been  gained;  viz.,  it  has  been  found  that  the 
maximum  lift  of  the  drivers  does  not  commonly  occur  when  the 
counterbalance  is  directly  up,  neither  does  the  maximum  rail 
pressure  occur  when  the  counterbalance  is  directly  down.  These 
maximums  may  take  place  either  before  or  after  the  upper  and 
lower  points,  according  to  the  conditions  under  whicli  the  wheel 
is  revolving  at  the  instant.  Slight  changes  in  the  elasticity  of 
the  track  will  throw  the  maximum  point  to  one  side  or  the 
other  of  the  vertical  line,  and  as  there  is,  theoretically,  no  reason 
why  the  maximum  lift  or  depression  should  occur  on  the  vertical 
line,  it  may  be  taken  as  a  fact  that  such  will  not  be  the  case  even 
as  an  average  of  all  the  multitude  of  maximum  lifts  and  depres- 
sions occurring  in  practice. 

That  the  path  of  the  centre  of  gravity  around  the  centre  of 
revolution  is  not  an  ellipse  with  a  vertical  axis,  but  is,  instead,  a 
compound  path  with  its  long  axis  generally  inclined,  is  shown 
by  Fig.  91,  whereon  have  been  plotted  all  of  the  paths  calculated 
up  to  this  time  for  this  special  case.  It  is  noticeable  that  suc- 
ceeding paths  do  not  duplicate  each  other,  and  the  reason  for 
this  is  to  be  found,  not  in  the  oscillation  of  the  engines,  but  in 
the  nature  of  the  conditions  under  which  the  revolution  of  the 
wheel  takes  place,  even  supposing  the  engine  to  be  rigidly  fixed 
and  prevented  from  all  longitudinal  and  vertical  movement. 

Friction  not  having  been  considered  in  the  calculations  for 
these  curves,  it  may  be  expected  that  in  actual  practice  the 
modification  due  to  the  friction  of  the  axle  boxes,  sliding  verti- 
cally in  the  jaws,  would  be  appreciable,  but  not  enough  to  alter 
the  useful  conclusions  which  can  be  drawn  from  the  results  of 
calculations  made  without  including  friction.  The  small  rela- 
tive ratio  of  the  work  done  by  friction  per  revolution  to  the 
stored  energy  in  the  oscillating  body  m  the  direction  of  the 
path  of  oscillatioii  is  shown  in  Fig.  90. 
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The  numbers  on  Fig.  91  show  the  points  where  the  equations 
change.     From  0  to  1  the  wheel  is  on  the  rail,  from  1  to  2  it  is 

off  the  rail,  and  from  2  to  3  it  is  on 
again,  and  so  on ;  commencing  with 
each  even  number  the  wheel  is  on 
the  rail  until  the  next  odd  number 
is  reached,  and  from  each  odd  num- 
ber the  wheel  is  off  the  rail  until 
the  next  even  number  is  reached. 
Figs.  93  and  94  show  typical  suc- 
ceeding oscillations  for  which  the 
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Fio.  98.— Example  of  Hncceed- 
in^  r»' volutions.  For  data,  see 
Table  A. 
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Fi(i.  04. — Example  of  succeeding 
revolutions.  For  data,  see 
'J  able  A. 
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TABLE    A.— Data  fob  Figs.  93  and  94. 


Path. 


5-6 
6-7 

7-8 
8-9 
9-10 
15-16 
16-17 
17-18 
18-19 
19-20 


Values 

OF 

Initial 

junction 

angle. 

-p 

TP-  0^ 

b 

r 
o 

-B 

Feet. 

Degrees. 

Degrees. 

.209 

.167 

.398 

.632 

23.77 

8.00 

0 

.025 

.072 

2.24 

119.85 

145.65 

.209 

.167 

.551 

.632 

368.92 

250.00 

0 

.025 

.087 

2.24 

93.73 

124.18 

.209 

.167 

.505 

.632 

347.72 

225.12 

.209 

.167 

.664 

.682 

370.62 

252.72 

0 

.025 

.135 

2.24 

106.12 

139.21 

.209 

.167 

.716 

.632 

359.25 

232.95 

0 

.025 

.133 

2.24 

91.02 

124.90 

.209 

.167 

.048 

.6:J2 

347.65 

218.90 

Initial 
velocity. 
Feet  per 

second. 


+  2.40 
-5.43 

+  6.28 

-7.19 

+  6.96 

+  8.83 

-11.00 

+  11.22 

-11.07 

+  10.79 


Table  A  gives  the  results  in  detail,  and  those  who  care  to  study 
the  reasons  why  succeeding  paths  do  not  duplicate  each  other 
will  find  in  this  table  the  necessary  information  for  mathematical 
discussion  of  the  reasons.  There  is  not  room  in  this  paper, 
which  is  intended  to  show  the  practical  bearing  of  such  facts  as 
have  been  collected,  for  a  mathematical  discussion  of  the  ele- 
ments of  the  succeeding  paths. 

The  maximum  amplitude  of  the  oscillations  given  in  Figs.  91 
and  92  is  very  great,  and  is  more  than  is  reasonable  to  expect 
in  actual  practice.  This  result  of  the  mathematical  analysis  was 
disappointing  at  first,  but  now  it  is  seen  that  it  was  assumed 
that  the  elasticity  of  the  track  is  practically  indefinite,  while  in 
fact  it  is  limited  to  a  small  range  of  motion,  which  is  much  less 
than  is  shown  on  the  diagrams.  The  elasticity  taken  was  that 
determined  by  Delano  and  Howard,  as  before  mentioned,  and 
applies  only  to  a  very  short  range,  certainly  not  more  than  ^f^ 
of  a  foot.  The  depression  of  the  track,  therefore,  that  is  given 
on  Figs.  91  and  92  is  false  in  dimension  but  true  in  type,  and 
the  same  may  be  said  of  the  maximum  lift.  There  is  no  way 
of  calculating  the  average  lift  of  a  driver  from  the  track,  how- 
ever comprehensive  the  mathematics,  for  the  reason  that  the 
elasticity  of  the  track  on  the  ties,  between  the  ties,  and  at  the 
joints  is  di£ferent.  Further,  the  relation  of  the  vertical  oscilla- 
tion to  the  degrees  of  revolution  is  quite  flexible  and  not  direct, 
so  that  slight  variations  in  the  flexibility  of  the  track  may  pro- 
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duce  wide  yariatious  in  the  reLitive  positions  of  the  wheel  verti- 
cally and  the  crank  in  the  crank  circle. 

No  tloubt,  if  the  mathematical  analysis  of  the  vertical  oscillation 
of  two  en^^ines,  at  the  same  speed  and  with  the  same  assumed 
rail  elasticity,  shows  that  one  has  more  lift  than  tbe  other,  then 
there  will  be  under  equal  conditions  in  service  more  lift  with  one 
enf^ine  than  with  the  other.  In  this  way  the  equations  have  a 
practical  value,  that  is,  in  comparing  engines. 

EFFECT   OF   COUNTEK BALANCING   ON    TIRE   WEAR. 

The  effect  of  tbe  "  excess  balance  "  on  tire  wear  must  be  con- 
siderable when  the  revolutions  per  minute  are  as  great  as  they 
are  with  large  drivers  at  very  high  speeds  and  small  drivers  at 
moderate  speeds.  The  relative  forces  with  large  and  small  drivers 
are  perhaps  best  shown  by  Fig.  71.  It  has  been  shown  both  math- 
ematically and  by  the  results  of  the  practical  experiments  at 
Purdue,  that  with  drivers  of  ordinary  diameter  the  tires  are  off 
the  track  for  a  considerable  portion  of  a  revolution  at  60  miles  an 
hour,  when  the  "excess  balance"  is  about  the  ordinary  amount. 
Omitting  the  wear  of  brake  shoes,  wdiicli  ordinarily  do  not  wear 
the  tire  where  it  bears  upon  the  rail,  it  is  evident  that  if  the 
average  locomotive  should  be  continuously  run  at  70  miles  an 
hour  there  would  be  one  point  on  the  tires,  except  the  main  tire, 
that  would  never  touch  the  rail  and  would  therefore  never  be 
worn.  The  main  wheels  do  not  lift  as  much  as  the  back  wheels, 
that  is  when  running  ahead,  for  the  reason  that  the  obliquity  of 
the  main  rods  causes  a  downward  pressure  on  the  track,  which 
counteracts  somewhat  the  lifting  tendency. 

In  looking  for  the  causes  of  flat  spots  on  driving  tires  of  fast- 
moving  locomotives,  the  first  point  of  importance  is  to  find  the 
part  of  the  revolution  where  there  is  the  least  wear.  This  point 
will  generally  be  found  following  the  crank,  that  is  at  a  point 
where  the  tire  touches  the  rail  when  the  crank  has  passed  the 
90-degree  point  or  lower  quarter,  the  engine  running  ahead,  that 
l)eing  thf!  ])lace  where  the  driving  wheel  will  probably  most  fre- 
quently have  the  maximum  lift.  An  examination  of  worn  tires 
of  higli-Hpeed  locomotives  shows  this  to  be  the  case.  There 
are  causes  of  tire  wear  other  than  the  abrasion  due  to  rolling 
contact,  the  principal  cause  being  the  slipping  of  the  tires  in 
starting  up  a  heavy  train.     The  "imperceptible  slip"  which  has 
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been  said  to  exist  has  never  been  proved  to  take  place  after  the 
engine  has  reached  an  ordinary  speed,  say  of  10  miles  an  hour, 
but  it  occurs  sometimes  at  slow  speeds  when  the  engineer  is 
quite  expert  in  handling  the  throttle.  It  can  be  seen  when  a 
heavy  train  is  being  started  and  the  locomotive  is  moving  at  less 
than  5  miles  an  hour.  Tt  is  due  to  the  non-uniformity  of  the 
moment  of  rotation  produced  by  the  steam  pressure  on  the  pis- 
tons. The  maximum  moment  when  the  slipping  occurs  is  slight- 
ly greater  than  the  adhesion  of  the  drivers,  and  for  a  few  degrees 
of  revolution  the  drivers  slip  slightly.  However,  locomotives 
are  not  generally  run  in  this  way,  for  the  reason  tliat  when  the 
balance  between  the  moment  of  rotation  and  the  moment  of 
adhesion  is  so  delicate,  the  change  in  the  coefficient  of  friction, 
caused  by  a  slippery  place  on  the  rail,  permits  the  engine  to 
slip  violently.  For  various  reasons,  engineers  are  required  to 
avoid  this.  Instructions  are  generally  given  to  slip  the  drivers 
as  little  as  possible.  The  writer  made  experiments  in  1891  on  a 
heavy  grade  17  miles  long,  of  about  117  feet  per  mile,  on  the  Balti- 
more &  Ohio  Railroad  (see  Bailroad  Gazette,  November  27, 1891, 
page  832),  to  determine  whether,  under  the  extreme  conditions 
of  hauling  a  heavy  load,  there  was  any  slip  after  starting.  The 
results  showed  that  the  drivers  made  the  same  number  of  revo- 
lutions when  going  up  the  hill  with  a  heavy  train  as  when  com- 
ing down  without  load. 

Tires  wear  both  by  pulverization  of  the  steel  due  to  rolling 
contact  and  by  abrasion,  and,  as  the  points  of  maximum  wear  of 
each  kind  do  not  always  coincide,  it  is  difficult  to  predict  where 
the  most  worn  places  will  occur,  unless  all  the  conditions  of 
speed  and  service  are  accurately  known.  The  maximum  rail 
pressures  occur  with  greater  uniformity  for  back  drivers  than  for 
main  drivers,  for  the  reason  that  the  vertical  component  of  the 
piston  pressure  due  to  the  angularity  of  the  connecting  rod 
varies  with  different  cut-offs  and  modifies  greatly  the  points  of 
maximum  rail  pressures.  It  is  only  in  cases  where  locomotives 
are  run  quite  uniformly  in  speed  and  piston  pressure  that  it  is  of 
any  practical  use  to  examine  the  relation  of  the  positions  of 
points  of  maximum  rail  pressure  and  the  points"  of  maximum 
wear. 
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CONCLUSIONS. 

{a)  The  present  method  of  counterbalancing  locomotives  by 
providing  in  each  driver  a  balance  sufficient  to  fully  counter- 
balance all  the  revolving  parts,  and  an  additional  balance,  known 
as  the  "  excess  balance,"  which  has  a  centrifugal  force  equal  to 
about  two-thirds  of  the  maximum  inertia  of  the  reciprocating 
parts,  is  practically  perfect  so  far  as  the  locomotive  itself  is 
concerned. 

{b)  The  "  excess  balance  "  now  often  used  for  the  reciprocat- 
ing parts  is  too  great  for  speeds  above  sixty-five  miles  an 
hour,  with  drivers  less  than  six  feet  in  diameter,  as  the  track 
is  liable  to  be  damaged  by  the  excessive  rail  pressure  which  it 
causes. 

{c)  Tlie  only  practical  way  in  which  the  "  excess  balance  "  can 
be  reduced  is  by  reducing  the  weight  of  the  reciprocating  parts, 
and  as  these  parts  are  generally  made  heavier  than  the  service 
demands  it  is  possible  to  reduce  the  "  excess  balance  "  to  a  point 
where  the  rail  pressures  will  not  be  destructive,  provided  that 
the  diameter  of  the  drivers  be  made  suitable  for  the  speed. 

(c?)  The  larger  the  driver  for  the  same  speed  and  weight  of 
reciprocating  parts,  the  less  will  be  the  maximum  rail  pressure 
caused  by  the  "  excess  balance." 

(e)  The  heavier  the  locomotive,  the  greater  is  the  amount  in 
pounds  of  the  reciprocating  parts  that  can  remain  unbalanced 
without  causing  the  locomotive  to  shake,  in  "  nosing "  and 
**  plunging  "  more  than  can  be  permitted.  It  is  not  the  percentage 
of  the  total  weight  of  the  reciprocating  parts  that  should  be  con- 
sidered in  selecting  the  "  excess  balance  "  ;  it  is  the  actual  weight 
in  pounds  that  can  remain  unbalanced  without'  shaking  the 
engine  too  mucli.  If  one-third  of  the  weight  of  reciprocating 
parts  weighing  600  pounds  c.in  remain  unbalanced,  then,  if  those 
parts  V>e  reduced  to  weigh  but  400  pounds,  one-half  can  remain 
unl)alanced,  and  "  excess  balance  "  will  be  needed  for  but  200 
pounds  instead  of  400  pounds  of  reciprocating  w^eight. 

(/  )  The  maximum  rail  pressure  of  a  driving  wheel  is  not  at  all 
indicated  by  the  static  load  of  the  wheel  on  the  rail.  The  im- 
pressed load  due  to  the  "excess  balance"  is  often  double  the 
static  load,  and  the  pressure  at  the  point  of  impact  when  the 
wheel  lifts  from  the  rail  and  drops  is  even  greater.  There 
appears  to  be  no  way  of  determiuing  what  the  impact  pressure  is, 
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but  the  impressed  load  due  to  the  "  excess  balance  "  can  be 
calculated  by  the  formula  for  centrifugal  force.  About  all  that 
is  known  about  the  impact  pressure  is  that  it  is  enough  at  times 
to  bend  a  seventy-pound  rail  downward  vertically  one  inch  in 
cases  where  the  engine  has  small  wheels  and  is  run  too  fast,  or 
has  the  rods  taken  off  and  is  run  at  moderately  high  speeds,  or 
has  improper  counterbalances. 

{g)  The  speed  at  which  any  given  driver  will  begin  to  lift  from 
the  rail  is  probably  less  than  that  at  which  the  centrifugal  force 
of  the  counterbalance  equals  the  pressure  of  the  wheel  upon  the 
rail,  as  at  speeds  lower  than  that  the  wheel  has  small  vertical 
oscillations  that  may  carry  it  off  the  rail.  But  the  lift  will  not 
be  important  until  the  speed  has  increased  to  a  point  where  the 
centrifugal  force  of  the  ''  excess  balance  "  is  somewhat  greater 
than  the  pressure  of  the  wheel  on  the  rail. 

(A)  The  exact  height  of  lift  of  a  wheel  in  any  given  case  is  de- 
pendent upon  so  many  unknown  and  variable  quantities  in  prac- 
tice, such  as  the  flexibility  of  the  track  and  the  rhythm  with  which 
points  of  equal  flexibility  succeed  each  other  in  the  direction  in 
which  the  locomotive  is  running,  that  it  is  impossible  to  predict 
what  it  will  be.  But  it  is  sufficient  to  know  that  for  the  good  of 
the  track,  and  to  prevent  broken  and  bent  rails,  and  for  the  safety 
of  a  train  following  a  locomotive,  it  is  not  prudent  to  run  a  driv- 
ing wheel  at  a  speed  where  the  centrifugal  force  of  the  "  excess 
balance  "  exceeds  the  pressure  of  the  wheel  upon  the  rail. 

(i)  All  driving  wheels  for  fast  locomotives  should  be  as  large 
in  diameter  as  it  is  possible  to  make  them  and  not  decrease  the 
power  too  much  in  starting  trains. 

(k)  The  path  of  the  centre  of  gravity  of  a  wheel,  with  respect 
to  the  engine  during  a  revolution,  is  an  oval  figure  with  the  long 
axis  more  nearlv  vertical  than  horizontal,  the  inclination  of  the 
axis  varying  constantly,  owing  to  the  difference  in  the  elasticity 
of  the  track  at  different  points,  and  to  other  causes. 

(I)  The  heavier  the  driving  wheel  and  the  parts   under  the 
driving  springs,  and  the  stiffer  the  driving  springs,  the  less  will 
be  the  lift  from  the  rail,  all  other  conditions  being  equal. 
19 
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APPENDIX. 

ANALYSIS   OF  PATH   OF   CENTRE   OF   GRAVITY  OF   DRIVING  WHEEL." 

SimpUficatio?}  of  the  Problem. — The  axis  of  the  driver  is  to  re- 
main liorizontal  and  perpendicular  to  the  track ;  i,  e.,  fixed  in 
direction. 

The  motion  of  any  body  with  a  thus  fixed  axis  can  be  no  more 
than  a  t/'anslation  plus  a  rotation  about  its  axis.  In  this  case  the 
translation  must  be  a  vertical  one. 

A  body  so  moving  may  be  replaced  at  will  by  any  other  body 
having  the  same  mass,  the  same  centre  of  gravity,  and  the  same 
radius  of  gyration,  without  in  any  way  affecting  the  motion. 

The  driver  may,  therefore,  be  supposed  to  be  simply  a  right 
line  with  two  equal  masses  at  the  ends  of  it,  whose  sum  equals 
the  mass  of  the  driver,  and  whose  distance  apart  equals  twice  the 
radius  of  gyration.  The  centre  of  gravity  of  the  driver  will  be 
the  middle  point  of  the  line,  and  its  centre  a  point  at  the  proper 
distance  therefrom.  Fig.  95. 


Maiss 


Centre  of  Driver  ^    ^     ^  ^       ^,  ^^^^    ht^co 
k             ^    Bad,  of  Gyration                             (^^  Mass 


Centre  of  Gravity 

Fig.  95. 


Each  of  the  half-masses  is  supposed  to  be  concentrated  in  a 
sphere  (say)  of  differential  radius,  so  that  it  will  have  no  moment 
of  inertia  about  its  own  centre.  If  it  were  necessary  to  make  a 
model  of  the  thing,  so  tljat  we  could  not  suppose  differential 
spheres,  the  half-masses  could  be  discs  of  suitable  size  pivoted 
by  their  centres,  so  that  they  would  not  rotate  wdien  the  whole 
arrangement  revolved  around  a  point  in  the  line.  This  concep- 
tion is  illustrated  in  Fig.  96,  where  vertical  lines  on  the  half- 
masses  are  shown  remaining  vertical  in  spite  of  the  revolution 

♦  This  analysis  was  prepared  for  the  writer  by  Prof.  J.  Burldtt  Webb,  mem- 
ber of  this  Society. 
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about  the  centre  of  gravity  (or  any  other  point  iu  the  line  or  out 

of  it). 

The  Journal  boxes  (all  non-revolving  parts)  at  the  centre  of  the 

driver  may  be  added  to  the  driver  as  concentrated  masses,  like 

those  in  Fig.  95.  We  thus  obtain 
Fig.  97  as  our  simplified  concep- 
tion of  the  driver  plus  its  journal 
boxes. 

Mass  of 

Mass. 


Journal  Boxes 

Fig.  96.  Fig.  97. 

"We  now  calculate  a  riew  centre  of  gravity/  and  a  new  mass  and 
radius  of  gyration. 

The  neiu  mass  —  mass  of  driver  +  mass  of  journal  boxes. 

The  new  centre  of  gravity  will  be  at  a  distance  from  the  centre 

of  wheel 

ITT,  old  mass 

=  old  distance  x • 

new  mass 

The  new  radius  of  gyration  will  be  measured  from  the  new 
centre  of  gravity  and  will  be  equal  to  the 


/ 


new  moment  of  inertia 


new  mass 


and  the  new  moment  of  inertia  will  be  equal  to  the  old  moment 
-f  journal  box  mass  x  (old  distance  to  centre  of  gravity)*^  — 
new  mass  x  (old  distance  —  new  distance)^ 

Simplified  driver  and  boxes. — We  thus  reduce  Fig.  97  to  Fig.  98. 

In  the  same  way,  half  of  the  parallel  bar  should  be  considered 
as  a  mass  concentrated  at  the  centre  of  the  crank  pin,  and  the 
whole,  driving  wheel,  journal  boxes,  and  half  bar,  reduced  to 
the  form  shown  in  Fig.  98.  As  the  crank  pin  will  not  be  on 
the  line  through  the  centre  and  centre  of  gravity,  the  line  con- 
necting the  final  half-masses  will  be  at  an  angle  with  the  line 
connecting  the  original  half-masses.  This  process  will  be  illus- 
trated. 

The  angular  velocity  will  be  affected  by  the  oscillations  to  so 
small  an  extent  that  the  neglect  of  this  effect,  already  assumed, 
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is  justiliable.      We  must,  however,  adapt  our  physical  construc- 
tion thereto.     In  order  to  reduce  this  effect  to  nothing,  we  must 


JTew  Mass  ^Mk ^      ^Centre  of  Gravity         ^^  New  Mass 

Fig.  98. 


■9— <> 

^^■^  Centre  of  WheeK 


assume  a  driver  such  that  an  infinite  amount  of  energy  will  be 
stored  in  it ;  such  a  driver  will  not  vary  its  rotation  by  the 
addition  of  finite  amounts  of  energy.  This  will  be  accomplished 
by  simply  removing  our  new  half-masses  to  infinity,  so  that  while 
the  centre  of  the  wheel  and  its  centre  of  gravity  and  mass  re- 
main unchanged,  its  radius  of  gyration  and  moment  of  inertia 
will  be  increased  to  infinity,  and,  therefore,  its  contained  energy 
for  a  finite  angular  velocity  will  be  infinite,  see  Fig.  99.  The  same 
result  will  be  attained  by  supposing  ever  so  small  a  finite  fraction 
of  the  mass  at  infinity,  and  the  rest,  practically  all  of  it,  at  the 
centre  of  gravity,  so  that  our  wheel  boxes  and  parallel  bar  reduce 


jf  Centre  of  Gravity 
00  p— O c»- 


Centre  of  Wheel' 

Fig.  99.  '  Fig.  100. 

to  a  simple  mass  at  the  centre  of  gravity,  Fig.  100.  This  is  equiva- 
lent to  saying  that  we  have  only  the  translation  of  combined  masses 
fo  roiisiiler.  The  angular  velocity  being  constant,  there  will  be  no 
need  of  considering  the  mass  concentrated  in  a  differential  sphere; 
it  may  equally  well  be  any  mass  whose  centre  of  gravity  is  at  the 
centre  of  gravity  of  the  combined  masses. 

Simple  Spring. — In  place  of  the  driving  spring  and  the  rail  we 
may  substitute  one  spring  acting  on  the  centre  of  the  wheel,  and 
to  imitate  lifHng  clear  of  the  rail  we  may  put  a  stop  so  that  the 
stiffness  of  the  spring  may  change  at  a  certain  point  in  the  oscil- 
lation.    Fig.  101  shows   this. 


The  spring  is  supposed  long      -^ o^^ass 


enough  to  allow  the  motion  of      Fixed  ^^°^A 


the  centre  of  wheel  to  be  ver-  ^^  ^m.  lOl. 

tical.       When     the    spring 

touches  thfi  stop,  it  will  change  its  stiffness  and  change  back 

when  the  centre  rises  to  the  same  height. 

Spfcnfic  Strength. — Inasmuch  as  an  increase  in  the  stiffness  or 
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strength  of  the  spring  and  a  proportionate  increase  in  the  mass 
will  not  affect  the  motion,  we  may  divide  the  stiffness  of  the 
springs  by  the  mass  and  call  the  result  the  specific  strength  or 
stiffness  per  unit  mass. 

Mathematical  Statement  of  the  Problem.     (See  Fig.  102.) 

m  =  total  oscillating  masses. 
r  =  distance  in  feet  from  (7,  the  cen- 
tre   of   the    driver,  to    G,  the  centre  of 
gravity  of  total  oscillating  masses. 

00,   the   vertical   axis    on    which    C 
slides. 

0,  the  position  of  O  when  the  mass  m 
is  at  rest,  as  indicated  dotted. 
/S=  distance  above  0  of  C. 
S  +  r  cosin.  a  distance  above  0  of  m. 
a  =  angle   of  r  from  the  vertical,  as 
shown. 

a  =  6t  —  angular  velocity  x  time. 
}^  =  specific   strength   of  the   spring 
below  A. 

(j'jx^  =  specific  strength  of  the  whole 
spring  below  B. 

P,  the  position  of  C  for  mass  at  rest 
when  stop  at  A  is  removed. 

D,  the  position  of  0  when  pitch  of 
the  whole  spring  becomes  the  same,  and 
above  which  the  stop  is  inoperative, 
the  spring  acting  as  a  whole  from  B  to 
centre  of  wheel,  0. 

Fig.  103  shows  the 
problem   in   its  most 
elementary   form,    with    the    action    of    the 
springs  represented  by  the  force  P,  at  C 

The  radius  CG   is   here   marked    "unity," 
i.  e.,  one  times  r,  and  all  other  distances  are 
expressed   by   so    many   times  r.     In   other 
words,  r  is  assumed  as  the  unit  for  measuring     < 
all  distaiices. 

The   mass   is    also    marked    "  Unit   mass," 
which  means  that  the  mass  is  reduced  to  unity  and  the  forces 
educed  in  the  same  proportion. 


Fig.  102. 


Fig.  103. 
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It  will,  however,  be  best  to  write  one  fundamental  equation 
for  Fig.  102  and  then  show^  that  it  reduces  to  a  simple  form  corre- 
sponding with  Fig.  103. 

In  order  to  make  use  of  the  fundamental  equation  of  dynam- 
ics, viz., 

mass  X  acceleration  =  accelerating  force, 

we  must  have  a  force  acting  directly  upon  the  mass.  Now,  in 
Fig.  102  the  spring  acts  on  the  end  C  of  the  radius  and  not 
directly  on  the  mass.  To  remedy  this,  we  introduce  at  G  two 
equal  and  opposite  forces  of  the  same  amount  as  that  of  the 
spring  and  parallel  thereto.  Then  F^  and  F^  constitute  a  mo- 
ment W'hose  effect  is  to  vary  the  angular  velocity,  which  varia- 
tion is,  however,  negiectable  by  reason  of  the  assumed  infinitely 
gi*eat  moment  of  inertia  of  the  wheel. 

We  have  now  the  force  F'o  acting  directly  on  the  mass,  and  this 
leads  to  the  equation : 

d'-^  (s  -f  r  cosin.  a)        „  ., 

m  — ^ -77^ =  J^^=  —msfJ.'^. 

In  Fig.  102  s  is  drawn  as  a  plus  quantity,  and  m  and  jj.^  are  also 
plus ;  but  the  effect  of  the  spring  in  the  position  drawn  is  to  urge 
the  mass  downward,  or,  in  other  words,  F^  is  negative,  and 
tlierefore  the  minus  sign  must  be  put  before  ms}^'^.  On  the  left- 
hand  side  of  the  equation,  m  and  dt^  are  plus,  and  so  although 
8  +  r  cosin.  a  is  plus,  its  second  differential  must  be  minus. 

To  put  the  equation  in  a  simpler  form,  we  divide  through  by  m 
and  /<^,  and  differentiate  s  +  r  cosin.  a  twice,  remembering  that 
A^  df^  is   the   same   as    [d  {}.it)\\  and  that  a  —  dt.     This   gives, 

putting  lAt  =  T,  and  6  =  n/j.  and  -  =  Zy 

d^z 

-  .-  +  z  —  II?  cosin.  nr (1) 

dx^  ^  ' 

The  above  reductions  have  not  been  made  arbitrarily.  In  every 
problem  there  are  units  which  are  the  units  used  by  nature  in 
the  problem;  the  ordinary  units,  pound,  foot,  second,  etc.,  being 
entirely  artificial.  Thus,  the  only  fixed  length  in  the  problem 
being  r,  all  other  lengths  should  be  put  in  terms  of  r.  The  only 
fixed  velocity  in  the  problem  being  that  of  an  oscillation  of  the 
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mass  under  the  action  of  the  spring  alone,  all  velocity  should  be 
expressed  in  terms  thereof ;  therefore,  we  put  6  =  7;//.  To  realize 
f.i  as  an  angular  velocity,  suppose  a  unit  mass,  Fig.  104,  to  be 
mounted  on  a  face-plate  so  that  it  is  free  to  move  without  friction, 
in  or  out,  along  a  radius,  the  axis  of  the  face-plate  being  vertical 
to  avoid  influence  of  gravity.  Suppose  it  to  be  governed  by  a 
spring  of  strength  /<^,  as  shown ;  and  that  when  the  face-plate  is 
standing  the  spring  holds  the  mass  at  the  centre.  Run  the  face- 
plate now  with  the  proper  velocity,  and  the 
mass  may  be  placed  at  any  distance  from  the 
centre  and  be  in  equilibrium,  the  centrifugal 
force  exactly  balancing  the  centrifugal  force  of 
the  spring.  For  simplicity,  put  it  at  unit's  dis- 
tance from  the  centre  (one  foot) ;  then  we  shall 
Fig.  104.  ]iave  : 

centripetal  force  of  spring  ==  m^ 
=  centrifugal  force  of  mass  =  /i^, 

the  radius  and  mass  disappearing  froni  the  formula  for  centrifugal 
force,  because  they  are  both  unity. 

In  other  words,  the  specific  strength  of  a  spring  which  will 
hold  a  mass  against  centrifugal  force  at  all  distances  from  the 
centre  is  the  square  of  the  angular  velocity,  or  the  square  root 
of  the  specific  strength  is  the  angular  velocity. 

To  connect  this  angular  velocity  with  the  oscillation  of  a  mass 
in  a  right  line,  we  have  only  to  remark,  that,  when  the  face-plate 
is  standing,  if  the  mass  be  caused  to  oscillate  in  its  diametral 
path  under  the  action  of  the  spring,  the  time  of  oscillation  will  be 

the  same  as  the  time  of  revolution  =  ^.     (See  Rankine's  Applied 

M 

3fecham'cs.) 

The  significance  of  r  is  now  evident,  it  being  the  angle 
described  in  any  time,  f,  by  the  angular  velocity  m-  Time  is 
simply  the  angle  passed  over  by  a  radius  of  the  earth,  or  by  the 
hands  of  a  clock,  as  we  please  to  consider  it.  In  fact,  it  is  the 
angular  distance  marked  by  a  meridianal  plane  of  the  earth  ;  that 
is  to  say,  by  the  plane  of  a  transit  instrument  set  in  the  meridian 
upon  a  spherical  dial  of  the  heavens;  the  degrees,  minutes,  and 
seconds  being  marked  on  the  latter,  in  a  somewhat  irregular 
manner,   by  the   so-called   fixed   stars.     The    Nautical   Almanac 
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enables  the  observer,  however,  to  put  his  observations  at  once 
into  degrees  (or  hours),  minutes,  and  seconds.  Now,  r  is  the 
HUjjle  which  Nature  marks  off  in  this  problem  for  her  own  use 
therein. 

The  integral  of  this  equation  is 


n 


z  = 


1  —  n 


—  cosin.  7ir  +  a  cosin.  (r  —  t^).      ...    (2) 


Interpretation  of  the  Equation. — This  value  of  z  consists  of  two 
terms,  each  of  which  represents  a  harmonic  motion. 

The  first  member  represents  a  forced  harmonic  motion,  or 
a  harmonic  motion  whose  period  is  forced  to  agree  wath  that 
of  the  rotation  of  the  wheel.  The  second  member  represents 
a  free  vibration,  or  a  harmonic  motion  taking  its  own  time, 
that  is,  the  time  in  which  the  spring  naturally  oscillates  the 
mass. 

We  may  also  say  that  the  first  oscillation  is  one  whose  period 
is  forced,  in  which  case  it  will  choose  its  own  amplitude,  and  the 
second  oscillation  is  one  in  which  the  amplitude  is  forced,  in 
which  case  it  must  be  left  free  to  choose  its  own  period. 

In  the  first  case  the  period  is  governed  by  ra,  and  in  the 

second  case  bv  t  ;  therefore  the  forced  period  is  —  of  the  free 

.    -.      -r^      ,        .      ,      _     ,           ,^     amplitude  .       n^  -,  p 

period.     Further,  m  the  first  case  the  is -,  a  aei- 

^  r  I  —  n^ 

-.     1  -1    .      1                T          i^i     amplitude 
inite  function  of  the  period,  while  m  the  second  case  the 

is  r/,  an  arbitrary  quantity  or  constant  of  integration,  which  may 
have  any  value  to  suit  the  particular  circumstances  of  the  prob- 
lem. 

The  remaining,  or  other,  constant  of  integration  (the  equation 
(1)  being  of  the  second  order  necessitates  two  constants  of  in- 
tegration in  the  general  integral)  is  r^,  and  this  also  depends 
on  the  particular  circumstances  of  the  problem,  r^  regulates 
the  phase  of  the  free  oscillation  with  respect  to  that  of  the  forced 
one. 

I)if<r?/sffirm  of  the.  Jujnafion. — a.  The  amplitude  of  the  free 
vibration  must  depend  upon  some  force,  or  disturbance,  of 
the  regular  forced  vibration,  just   as   it  would   depend  upon 


BAIL  PRESSURES   OF   LOCOMOTI^T:   DRIVING   WHEELS.  297 

an  external  force  or  disturbance  were  there  no  forced  vibra- 
tion. But  whatever  value  might  thus  be  given  to  a,  it  would 
gradually  be  decreased  by  friction  and  other  resistances,  and 
the  second  term  would  thus  disappear  from  the  equation,  leav- 
ing only  thB  forced  vibration.  It  is  true  that  this  problem 
does  not  call  for  the  introduction  of  friction,  and  we  are  not 
considering  friction  directly,  but  only  the  right  of  the  second 
member  to  exist  in  the  equation.  On  the  supposition  of  no  fric- 
tion, the  second  term  once  in  must  remain  in  and  a  retain  its 
constant  and  original  value.  But  so  long  as  CO  is  less  than  DO, 
the  data  of  the  problem  include  no  cause  for  a  disturbance  of  the 
forced  oscillation,  and  a  must  be  placed  equal  to  0.  To  produce 
such  a  disturbance  as  would  be  required  to  make  the  second 
term  necessary,  the  wheel  would  have  to  be  put  in  motion  in  a 
way  discordant  with  the  regular  forced  vibration,  or  a  blow 
would  have  to  be  struck  the  wheel.  In  any  actual  case,  as  be- 
fore said,  friction al  and  other  resistances  would  absorb  the 
energy  of  such  a  disturbance,  or  blow,  and  leave  a  pure  forced  vi- 
bration. But  when  06' exceeds  OD,  the  change  in  the  strength 
of  the  spring  creates  such  a  disturbance  at  each  revolution,  so 
that  (in  spite  even  of  friction)  the  second  term  is  needed  to 
represent  the  motion.  The  value  of  a  will  in  general,  however, 
change  at  each  revolution.  We  shall  show  later  how  the  value 
of  a  may  be  found  in  a  particular  case. 

To  This  quantity  depends  on  the  same  considerations  as  a. 
When  a  =  0  it  is  indeterminate,  and  Avhen  the  second  term  is 
needed  r,,  is  found  in  the  same  calculation  as  gives  a. 

n  is  the   number  of  times  faster  that  the  forced  oscillation 

n 

goes  than  the  natural  time,     n  —  — ,  so  that  the  amplitude,  sup- 

r 

posing  the  spring  permanently  attached  at  A,  is 

1  _n'~  j^i'-t^'' 

This  quantity  is  zero  ^vhen  6=0,  and  infinity  when  6  =  /.i ; 
i.e.,  when  ??  =  0  and  when  n  =  1.     For  intermediate  values  it  is 

plus.  When  n  increases  past  1,  this  — goes  through  infin- 
ity and  becomes  negative  ;  as  n  increases  farther,  the  amplitude 
goes  on  increasing;  i.  e.,  it  now  decreases  numerically  until,  when 
w  =  00 ,  it  =  —  1.     Smaller  negative  values  are  impossible. 
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T  ,      .,  .     amplitude 
To  mf\kc  the  Yarioiis  values  assumed  by  this  — more 

iutelli'^ible,  let  us  assume  certain  values  for  n  and  construct  dia- 
'M-ams  of  the  motion  on  the  supposition  that  no  such  stop  as  is 
shown  at  Aj  Fig.  102,  interferes  with  the  harmonic  motion,  and 
that  a  =  0.  Or,  rather,  we  suppose  that  the  spring  is  perma- 
nently attached  at  A,  so  that  no  change  of  strength  is  possible. 

In  Fi^.  105  we  have  C  stationary  because  the  wheel  has  zero 
angular  velocity.  In  Figs.  106  and  107  the  wheel  takes  longer  to 
revolve  than  the  natural  time  of  oscillation,  and,  in  order  that  this 
may  be  the  case,  it  will  be  noticed  that  the  spring  stretches  less 
than  it  would  were  it  attached  directly  to  the  mass  ;  and  this 
diminished  stretching  reduces  the  spring  force  just  enough  to  let 
it  oscillate  the  mass  in  the  slower  time. 

When  the  velocity  of  the  wheel  gets  up  to  the  natural  speed 
for  the  spring,  the  spring  cannot  control  the  mass  in  the  proper 
time  without  stretching  the  same  distance  as  the  mass  moves, 
see  Fig.  108.  Nature  gets  over  tliis  difficulty  by  making  the 
ampHtude  infinite,  in  which  case  the  constant  amount  (namely, 
the  radius),  by  which  the  extreme  stretch  of  the  spring,  or  semi- 
amplitude  of  the  point  (7,  falls  short  of  the  semi-amplitiide  of  the 
mass,  disappears  with  respect  to  the  infinite  semi-amplitude. 

Fig.  109  is  for  a  velocity  greater  than  that  natural  to  the  spring. 
Here  the  spring  has  to  stretch  farther  than  the  mass  goes,  and 
thus  make  up  for  its  lack  of  strength  suited  to  the  increased 
\e\ociij.  In  other  words,  as  the  thing  passes  through  the  infinite 
stage  it  turns  over,  so  that  the  elliptical  path  of  the  mass  is  de- 
scribed in  the  reverse  direction,  although  the  rotation  of  the 
wheel,  indicated  by  the  arrow,  continues  in  the  same  direction. 

When  ?t'  is  co ,  the  mass  simply  oscillates  in  a  horizontal  line 
and  makes  the  spring  follow  the  other  end  of  the  radius,  without 
giving  it  time  enough,  in  upper  or  lower  positions,  to  disturb  the 
horizontal  motion  of  the  mass,  see  Fig.  110. 

It  would  be  impossible,  of  course,  to  show  all  these  changes  in 
a  model,  because  there  would  be  a  limit  to  the  distance  a  spring 
could  stretch,  and,  therefore,  the  reversed  condition  could  not  be 
arrived  at  by  passing  through  infinity.  The  reversed  condition 
can,  however,  be  introduced  in  other  ways. 

Distribution  of  Eaanjij. — Suppose  we  examine  Fig.  107  to  see  how 
tlie  energy  varies  for  different  positions  of  the  mass.  OQ  is  the 
maximum  stretch  of  the  spring.     Calling  the  radius  unity  OQ  —  ^, 
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and  the  strength  of  the  spring  being  /.i^,  it  will  exert  a  pull  at  Q  of 

3 

3/f'  on  the  unit  of  mass.     Its  average  tension  is,  therefore,  -^/u"^. 

9 
Multiplying  this  by  the  space  over  which  it  stretches,  we  get  ^yu" 

Li 

for  the  work  done  by  the  spring  as  it  contracts  from  Q  to  0. 
In  its  zero  position  (highest  position)  the  mass  is   4  distant 
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from  0,  and  it  lias,  at  this  point,  no  vertical  velocit3^  The 
force  Fo^  Fig.  102,  equal  to  that  of  the  spring  acting  on  the  mass 
over  the  space  4,  Avitli  a  regularly  decreasing  value,  produces 
a  vertical  velocity  which,  in  the  position  3,  is  equal  to  the 
velocitv  in  the  circumference  with  radius  4  and  angular  veloc- 
ity 6  =  nf.f\/  ^//.     The  energj^  due  to  this  velocity  is  A^f^f  for 

a  unit  of  mass  6/^^  and  the  energy  due  to  the  force  Fq,  which 

3 

y 


3 

has    the    average   value   -yu^,   is    6y^^,   the    same   amount,   as   it 


should  be. 

What  needs  now  to  be  explained  is  the  fact  that,  though  the 

9 
contracting  spring  furnishes   but  ^/t"    work,    the  mass   receives 

12  3 

-^/^',  a  difference  of  - /<'  to  be  furnished  from  some  other  source. 

We  will  now  find,  Fig.  102,  the  work  of  the  moment  F^F^  between 
0  and  3  positions.  As  s  is,  in  Fig.  107  (or  when  a  in  equation 
(2)  =  0)  proportional  to  the  cosine,  the  force  i^g  =  3  /^'  cosin.  a, 
and  the  lever  arm  =  sin.  a  (radius  being  unity),  therefore  the  mo- 
ment =  3  /<'  sin.  cosin.  a.     Multiplying  this  by  da,  we  get 

d  (work)  =  3  /<'  sin.  cosin.  ada 

3 
work  =  "o  /^'  between  limit  a  =  90°  and  zero  degrees. 

Inasmuch  as  this  moment  retards  the  rotation  of  the  wheel,  it 
causes  it  to  give  this  much  work  out  (from  its  infinite  store  of 
energy,  so  that  no  perceptible  change  in  angular  velocity  results) 
to  assist  the  spring  in  accelerating  the  mass. 

This  is  just  as  it  should  be,  because,  were  the  point  C  pivoted 
fast,  the  wheel  would  supply  all  the  energy  to  produce  the  down- 
ward velocity  at  the  position  3.  In  this  case,  however,  the  down- 
ward velocity  would  be  but  i  of  what  it  is  in  Fig.  107,  and  the 
energy  therefore  but  -^\.,  and  the  wheel  would  be  receiving  at  all 
times  as  much  energy  from  the  diminishing  horizontal  velocity  as 
it  gives  out  to  the  increasing  vertical  velocity,  so  that  no  change 
of  its  enerL'v  would  result.  In  Fig.  107,  however,  while  it  receives 
from  the  diininishiu;^  hoiizontal  velocitv  the  same  amount  as  it 
would  with  }i  fixod  0,  it  gives  out  a  much  (four  times)  larger 
amount  to  help  produce  the  vertical  velocity. 
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It  may  be  well  to  state  here  that  the  energy  received  by  the 
wheel  as  the  horizontal  velocity  climiDishes  is  given  to  it  by  a 
couple  of  horizontal  forces,  similar  to  the  couple  F^F^.  One  of 
these  forces  is  applied  at  C  by  the  guide  which  forces  C  to  move 
in  a  vertical  path.  The  other  is  one  of  two  equal  and  opposite 
forces  introduced  at  G,  the  remaining  one  of  the  pair,  corresponds 
to  F^,  and  produces  the  horizontal  acceleration. 

If  no  friction  exists  between  C  and  the  guides,  the  reaction  of 
the  latter  on  (7 has  no  effect  further  on  the  problem,  and  this  is 
the  case  in  the  present  problem.  It  may  not  be  amiss  to  remark, 
however,  that  in  a  case  where  friction  did  exist  to  an  appreciable 
extent,  this  reaction  would  introduce  a  force  which  would  combine 
with  F^  and  modify  the  equations  for  the  vertical  motion,  having 
the  general  effect  of  skewing  the  elliptical  paths  to  one  side. 

The  general  equations  for  a  coml)4nation  path  may  be  written 
thus  : 


L/uwer  sections  :     s  =  -^ — tt^  cosme  a  -^  h  cosine  ^  (a  —  Q\ 

Upper  sections  :     s  =  —  p  +  -^   ^ tv-  cos.  a  +  h  cos.  -jr-  {oc  —  ^). 

rO^       .  .       II 

Lower  sections  :   V  =  —  —^ — -  sine  a  —  yib  sine  77  ia  —  6). 

jJi  —  u  tj 


Upper  sections  :    V  —  —  -^— ^ ^  sine  a  —  p/uh  sine  ~-(a  —  J3). 

In  order  to  find  the  definite  equations  for  the  succeeding  sec- 
tions, Ave  must  substitute  the  vertical  (or  only)  ordinate  of  C  and 
its  velocity  in  the  respective  general  equations  and  solve  for  the 
unknown  constants  b  and  /i. 

The  process  can  be  continued  indefinitely,  inasmuch  as,  in 
genera^,  there  will  be  an  infinite  number  of  sections  in  the  com- 
bination path. 

Fig.  Ill  shows  the  0,  1st  and  2d  sections ;  the  scale,  however, 
is  too  small  to  give  room  to  enter  all  the  values  of  s  without 
their  interfering  with  one  another. 

It  is  possible  that  in  some  particular  cases  the  combination 
path  may  repeat  itself  after  a  certain  number  of  sections,  es- 
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peciiillj  if   friction  exists  between  the  boxes  and  their  vertical 

guides,  but  this  is  beyond  the  limits  of  the  present  investigation. 

We  might  also  proceed  to  obtain  a  single  expression  covering 

all  the  successive  parts  of  the  combination  path;  but  it  does 


Fio.  111. 


not  seem  that  surli  an  expression,  though  necessary  in  the 
investigation  of  the  properties  of  the  combination  path  con- 
sidered as  a  wliole  (sucli  as  tlie  possible  property  of  repeating 
itwelf  in  certain  cases;  would  render  the  calculation  of  an  actual 
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path  any  easier  than  by  the  process  already  illustrated  in  the 
path  which  has  been  calculated. 

In  the  path  calculated  the  question  of  sufficient  motion  for  the 
driving  box,  or  rather  sufficient  room  for  it  to  move  witliout 
striking  above,  has  not  been  considered.  It  must  be  obvious, 
however,  that  any  such  limitation  of  its  freedom  of  motion  must 
prevent  it  from  describing  a  path  having  a  greater  vertical 
dimension  that  this  circumstance  would  allow. 

Should  it  be  desirable  to  test  the  accordance  of  the  principles 
above  developed  with  the  curve  automatically  described  by  an 
apparatus,  or  model,  imitating  the  action  of  a  locomotive  driver, 
such  a  model  could  readily  be  constructed,  but  certain  precau- 
tions would  have  to  be  taken  to  make  it  work  in  accordance  with 
the  theory,  and  not  exactly  as  an  actual  locomotive  would  act. 
Thus  :  the  centre  of  the  driver  must  move  vertically  loithout  fric- 
tion, and  there  must  be  a  device  for  starting  it  under  definite 
conditions  (that  is,  with  definite  values  of  h  and  fi).  In  a  real 
case,  also,  the  spring  of  the  track  must  vary  as  the  wheel  passes 
over  the  ties,  and  more  than  that  the  driving  spring  will  not,  in 
case  the  body  of  the  locomotive  oscillates  vertically,  act  with  the 
same  strength  as  it  does  when  tested  with  the  locomotive  at  rest. 

Friction  changes  the  phase  of  harmonic  motion  and  may  leave 
amplitude  unaffected. 

Sometimes  a  slight  error  in  these  produces  a  large  one  sub- 
sequently. If  the  curves  appear  to  settle  down  to  a  regular 
path,  do  not  conclude  at  once  that  they  do  so,  for  more  than 
likely  they  quiet  down  a  little  in  that  way  and  then  go  wild 
again.  Without  friction  I  should  hardly  expect  to  hit  a  case 
giving  a  regular  or  a  repeating  path.  (By  "  regular  "  I  mean 
every  turn  the  same,  and  by  "  repeating "  that  after  a  certain 
number  of  turns  the  same  set  of  curves  appears  again — like  a 
repeating  decimal  as  distinguished  from  an  ordinary  one.) 

Gravity  simply  changes  the  whole  curve  and  brings  it  nearer 
the  earth  by  the  same  amount  as  it  affects  the  position  of  rest, 
or  normal  or  neutral  position. 

Friction  delays  the  phase,  is  a  rough  statement.  That  is  to 
say,  if  the  law  between  the  other  forces  and  the  friction  is  simple 
enough  the  curve  remains  harmonic  but  changes  its  phase,  while 
with  a  more  complicated  law  it  will  modify  the  curve  more  or 
less  as  well.  No  matter  what  curve  the  friction  gives,  it  can  be 
expressed  as  a  combination  of  harmonic  curves,  but  to  be  prac- 
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tical  you  woiikl  endeavor  to  approximate  the  effect  of  friction  by 
means  of  an  expression  that  would  complicate  the  shape  as  little 
as  possible,  leaving  it  thus  in  better  shape  for  practical  calcula- 
tions. If  the  power  supplied  is  used  up  by  the  friction,  there  is 
a  chance  of  getting  a  regular  path. 

NCoTE, — This  paper  received  di^cussion  jointly  with  that  of  Prof.  W.  F.  M. 
(ioss  on  ''An  Experimental  Study  of  the  Effect  of  the  Counterbalance  in  Loco- 
motive Drive- wheels  upon  the  Pressure  between  Wheel  and  Kail,"  and  the  debate 
ou  the  two  papers  will  be  found  at  the  close  of  the  latter  (No.  Q'25)  in  Vol.  XVI.. 
Transactions,  p.  305. 
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a:^  experimental  study  of  the  effect  of 
the  counterbalance  in  locomotive  drive- 
wheels  upon  the  pressure  between  wheel 

AND   RAIL, 

BY   W.    F.    M.    GOSS,   LAFAYETTE,    IND. 

(Member  of  the  Society.) 

In  the  mechauism  of  a  locomotive,  the  revolving  parts  at 
the  crank-pins,  together  with  the  reciprocating  parts  connected 
therewith,  are  balanced  more  or  less  comj^letely  by  the  addition 
of  masses,  or  "  counterweights,"  to  the  drivers.  But  since  the 
counterweights  move  in  circular  paths,  it  is  only  the  horizontal 
component  of  the  radial  force  derived  from  them  which  can 
serve  to  neutralize  the  effect  of  the  reciprocating  parts  ;  the 
vertical  component  of  all  that  portion  of  the  force  which  applies 
to  the  reciprocating  parts,  is  unbalanced.  This  unbalanced  verti- 
cal component  causes  the  pressure  of  the  driver  on  the  rail  to 
vary  with  every  revolution.  Whenever  the  speed  is  high,  it  is  of 
considerable  magnitude,  and  its  change  in  direction  is  so  rapid 
that  the  resulting  effect  upon  the  rail  is  not  inappropriately 
called  a  "hammer  blow."  Many  practical  demonstrations  have 
been  had  of  the  magnitude  of  the  forces  involved.  Heavy  rails 
have  been  kinked,  and  bridges  have  been  shaken  to  their  fall, 
all  under  the  action  of  heavily  balanced  drivers  revolving  at 
high  speeds.  The  evidence  is  sufficient,  but  the  means  by 
which  the  evil  is  to  be  overcome  has  not  yet  been  made  clear. 
Indeed,  the  difficulties  to  be  met  in  counterbalancing  have 
been  greatly  increased  during  the  last  decade  by  the  demand 
for  heavier  and  still  heavier  engines,  and  for  higher  speeds  in  all 
classes  of  service.  Heavier  engines  require  heavier  reciprocating 
parts,  and  heavier  reciprocating  parts  demand  more  counter- 
balance.   With  a  view  to  keeping  the  number  of  revolutions  down, 

*  Presented  at  the  New  York  meeting  (December,  1894)  of  tlie  American 
Society  of  Mechanical  Engineers,  and  formiug  part  of  Volume  XVI.  of  the  Trans- 
actions, 
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wheel  diameters  liave  been  somewhat  increased ;  but  the  ex- 
pected gain  has  not  been  realized,  because  an  increase  of  speed 
has  followed.  As  a  result  of  these  developments,  the  modern 
engine  may  have  reciprocating  parts  on  each  side  weighing  from 
600  to  1,000  pounds;  these  must  be  given  a  horizontal  balance 
(more  or  less  complete)  by  counterweights  in  the  wheels,  and 
the  wheels  are  often  driven  at  a  rate  exceeding  300  revolutions 
a  minute. 

It  is  not  the  purpose  of  this  paper,  however,  to  discuss  the 
question  of  counterbalancing,  but  rather  to  show  some  of  the 
efiects  of  such  balancing.  The  forces  which  are  brought  into 
action  by  the  presence  of  the  counterbalance  have  been  elab- 
orately studied  ;  "  and  their  precise  effect  upon  the  pressure  of 
contact  between  wheel  and  rail  has  of  late  been  the  subject  of 
considerable  discussion.  To  throw  some  light  upon  this  most 
practical  and  important  question,  a  series  of  experiments  was 
undertaken  at  the  engineering  laboratory  of  Purdue  University, 
the  essential  feature  of  which  was  the  passing  of  a  soft  iron 
wire  of  small  diameter  under  the  moving  wheel.  It  was  ex23ected 
that  the  A'arying  thickness  of  the  wire  which  had  been  subjected 
to  this  process,  would  show  the  effect  of  variation  in  pressure 
between  the  wheel  and  the  track.  If  the  wheel  should  leave  the 
track  entirely,  a  portion  of  the  wire  would  retain  its  full  diameter; 
and  the  real  purpose  of  the  experiments,  as  originally  planned, 
was  to  demonstrate  whether,  at  any  speed  easily  attained,  the 
driver  would  actually  rise  from  the  track.  Brief  accounts  of 
these  experiments  have  already  been  published,  and  the  interest 
which  has  been  shown  in  them  has  prompted  this  more  complete 
statement  of  the  conditions  involved,  and  the  results  obtained. 

Tlie  apparatus  employed  consisted  chiefly  of  the  Purdue 
locomotive  "  Schenectady,"  which,  as  is  generally  known,  is 
mounted  with  its  drivers  resting  upon  wheels  of  approximately 
the  same  diameter  with  the  drivers.      When  the  drivers  are 


•'•An  Account  of  Certain  Experiments  on  Several  Methods  of  Counterbalan- 
cing' the  Action  of  Reciprocating  Parts  of  a  Locomotive,"  Gaetano  Lanz-i,  Proceed- 
imji  A.  .S.  J/.  A'.,  Vol.  X.,  p.  302.  "  (ieneral  Solution  of  Transmission  of  Force 
in  a  Steam  Engine,  as  Influenced  bv  the  Action  of  Friction,  Acceleration,  and 
Gravity,"  D.  S.  Jacobus,  ProccMinrjH  A.  S.  M.  E.,  Vol.  XL,  p.  492.  "The  Irreg- 
ular W<-ar  of  Locomotive  Driving  Wheel  Tires,"  E.  M.  Ilerr,  Proceedings  West- 
ern lifiUtray  Clufj,  May,  1892.  "  The  Vertical  Influence  of  the  Counterbalance," 
R.  A.  Parke,  .M.E.,  Proceedings  of  the  Neio  York  liailucay  Club,  February  15, 
1894. 


COUNTERBALANCE   IN   LOCOMOTIVE   DRIVE- WHEELS.  807 

turned  by  the  engine,  tlie    supporting  wheels   roll   in  contact 
with  them,  the  engine  as  a  whole  remaining  stationary." 

To  guide  the  wire  which  was  to  be  fed  under  the   driver,  a 
length  of  f-inch  gas-pipe  was  secured  to  the  laboratory  floor  in 


Guide  Fipe  Wire  TTiye  Box 


(Supporting]    ^ 


Wheel 


y- 

Fig.  112. 

front  of  each  driver  included  in  the  experiment  (Fig.  112).  Three 
pipes  were  thus  arranged.  A  deflector  plate  was  fixed  behind 
the  main  driver,  to  turn  the  wire  delivered  from  this  wheel  away 
from  the  rear  driver;  but,  with  this  exception,  no  attempt  was  made 
to  control  the  course  of  the  wire  after  it  left  the  wheel.  The  wire 
was  of  common  annealed  iron  of  about  0.037  of  an  inch  in  diam- 
eter. It  was  prepared  by  being  carefully  straightened  and  cut 
into  lengths  of  twenty  feet ;  that  is,  about  3.5  feet  longer  than  the 
circumference  of  the  drivers,  and  two  inches  longer  than  the  guide 
pipe  in  which  the  lengths  were  to  be  fed  to  the  wheels.  Wires 
thus  prepared  were  laid  in  light  wooden  troughs  to  preserve 
them  from  injury,  and  a  trough  thus  supplied  was  placed  in  line 
with  each  guide  pipe  (Fig.  112).  In  conducting  the  experiments, 
an  operator  at  each  pipe  drew  a  wire  from  the  trough  and  passed 


Fig.  113. — [Ticice  actual  size.] 

it  into  the  pipe  until  only  about  two  inches  of  the  length  re- 
mained outside.  From  the  relative  length  of  guide  tube  and 
wire,  it  was  known  that  the  opposite  end  of  the  latter  was  now 
close  to  the  driver.  When  desired  conditions  of  speed  had  been 
secured  and  a  signal  given,  a  touch  of  the  operator's  finger  upon 
the  end  of  the  wire  was  sufficient  to  start  the  opposite  end  under 
the  wheel.  The  starting  of  the  wire  was  accomplished  with- 
out commotion.     The    man   in    charge  was    conscious    only  of 

*  For  description  of  this  plant,  see  '■'  An   Experimental  Locomotive,"  Proceed- 
ings of  the  American  Society  of  Mechanical  Engineers,  Vol.  XIII.,  p.  427. 
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liaviu<^  touched  it.  To  an  observer  who  watched  for  the  wire  as 
it  came  from  the  driver,  it  gave  the  impression  of  a  quivering 
beam  of  light,  which  an  instant  later  became  a  loosely  tangled 
thread  of  metal.  Or,  if  one  kept  his  eye  upon  the  wall  of  the 
laboratory  against  which  the  wire  was  allowed  to  impinge,  he  saw 
the  whole  tangled  coil  appear  instantaneously  and  without  appar- 
ent cause.  The  initial  end  of  each  wire  was,  in  plan,  of  the  out- 
line shown  by  Fig.  113,  from  which  it  would  appear  that  when  the 
wire  came  under  the  influence  of  the  wheel's  motion,  the  ten- 
sional  stress  upon  sections  near  the  end,  as  at  ^,  exceeded  the 
elastic  limit  of  the  material,  this  stress  being  required  to  impart 
motion  to  the  mass  of  wire  to  the  right  of  A.  The  weight  of  the 
twenty-foot  length  was  about  one  ounce,  and  the  time  occupied  in 
its  passage  was  usually  a  fifth  of  a  second.  These  facts  will  help 
to  show  the  significance  of  the  speeds  used  in  the  experiments. 

The  speed  of  the  locomotive  was  noted  from  a  registering 
counter,  and  also  by  a  Boyer  speed  recorder,  a  permanent  record 
be  ins  obtained  from  the  latter  instrument.  To  assist  in  con- 
necting  the  effect  produced  on  the  wire  with  definite  phases  of 
the  wheel's  motion,  a  nick  was  made  with  a  sharp  chisel  across 
the  face  of  each  driver,  in  line  with  the  counterweight,  as  at  A 
(Tig.  114).  An  impression  of  this  nick  was  sharply  defined  upon 
every  wire  that  passed  under  it.  The  initial  end  of  the  wire 
could,  as  has  been  already  stated,  be  determined  by  an  examina- 
tion ;  but  to  leave  no  doubt  as  to  this  matter,  and  for  the  purpose 
of  giving  a  second  reference  point,  one  of  the  wheels  was  marked 
with  two  parallel  lines  ninety  degrees  from  the  first  reference 
line,  as  at  6' (Fig.  114). 

It  was  found  by  a  comparison  of  reference  marks,  that  dis- 
tances along  the  length  of  the  wires  could  be  taken  as  repre- 
senting equal  distances  around  the  face  of  the  wheel.  Thus, 
the  length  of  each  wire  being  greater  than  the  circumference 
of  tlie  wheel,  it  would  sometimes  happen  that  a  single  wire 
would  receive  two  impressions  from  the  same  reference  mark ; 
the  distance  between  the  two  points  thus  impressed  upon  the 
wire  was  found  to  be  equal  to  the  circumference  of  the  wheel. 
This  fact  made  it  easy  to  connect  eff'^cts  left  upon  a  wire  with 
the  wliefd  pr)sitions  fcrank-anglesj  producing  them. 

^lany  of  tlio  wires  which  have  })een  produced  by  the  experiment 
describfid,  luive  since  been  carefully  caliporerl  at  five-inch  inter- 
vals, the    results  plotted,  and  a  smooth  curve  drawn  through 
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the  points  thus  located.  Some  of  the  results  thus  obtained  are 
presented  as  Figs.  115,  116,  and  117,  the  points  representing  the 
actual  thickness  of  the  wires  being  designated  bj  means  of 
small  circles.  It  will  be  seen  that  all  diagrams  are  plotted  with 
reference  to  definite  wheel  positions. 

THE  BALANCE   OF  THE   LOCOMOTIVE. 

Before  attempting  a  discussion  of  results  in  detail,  it  is  neces- 
sary to  consider  somewhat  briefly  the  condition  of  balance  of 
the  locomotive  experimented  upon.  The  engine  as  delivered  by 
its  builders  was  balanced  for  the  road  ;  but  to  increase  its  steadi- 
ness in  the  laboratory,  equal  weights  were  afterward  added 
to  the  several  wheels,  until  d^,  fiiU  horizontal  halance  had  been 
secured."  The  revolving  and  reciprocating  parts  which  required 
counterbalancing,  exclusive  of  the  crank-pins  and  crank-pin 
bosses,  which  are  assumed  to  be  parts  of  the  wheels  themselves, 
were  found  to  Aveigh  as  follows  : 

Piston  and  piston  rod 297.0  lbs. 

Cross-liead  with  part  of  indicator  rigging  attached 170  5  lbs. 

Main  rod 344.5  lbs. 

Side  rod 278.0  lbs. 

Total  for  one  side 1,090.0  lbs. 

For  complete  horizontal  balance,  it  was  required  that  the  sum 
of  the  weights  making  up  the  counterbalance  of  the  two  wheels  on 
the  side  of  the  engine  under  consideration,  should  be  equivalent 
to  1,090.0  pounds  acting  at  a  radius  of  one  foot.  To  ascertain  the 
distribution  of  balance  between  the  wheels,  it  was  necessary  to 
examine  them  separately.  Calculations  based  upon  prints  of 
the  wheel  centres  gave  the  following  results  : 

Main  WJieel.         Rear  Wheel. 
Balance  cast  in  rim,  and  between  the  arms,  plus  the 

weights  added  at  the  laboratory,  all  reduced  to 

equivalent  weights  acting  at  a  radius  of  12  in.  ,  744.1  725.7 

Weight  of  crank-pin  and  crank-pin  hub  to  be  sub- 
tracted   187.1  179.1 

Net  weight  available  to  balance  revolving  and  re- 
ciprocating parts  actin[T  upon  the  crank-pins. .  .  .  557.0  546.6 

The  net  weight  thus  obtained  for  both  wheels  (1103.6  pounds) 
is  18.6  pounds  greater  than  the  weight  of  the  parts  to  be  bal- 

*  On  January  23  of  the  present  year,  the  plant  from  which  tlie  results  herein 
described  were  obtained  was  (^es'royed  by  fire.  The  new  plant,  now  in  operation, 
does  not  require  the  locomotive  to  be  in  complete  horizontal  balance. 
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anced.  Bat  the  engine  is  known  to  have  been  in  perfect  hori- 
zontal bahince,  the  experimental  methods  adopted  in  securing 
this  condition  serving  to  indicate  when  the  weights  were  changed 
even  to  the  extent  of  a  single  pound.     The  calculated  weight 

in  each  wheel  is  therefore  assumed  to  be  — ^  =  6.8   pounds 

heavier  than  the  weights  themselves,  and  this  amount  has  been 
subtracted  as  a  correction  from  the  net  weight  given  above, 
making  the 

Main  Wheel.        Rear  'Wheel. 
Corrected  net  weight  of  counterbalance  available  to 

balance  revolving  and  reciprocating  parts  acting 

upon  the  crank-pins 550 . 2  539 . 8 

The  weight    of    the    parts  involved,  together  with    certain 
dimensions,  are  summarized  in  Fig.  114. 

Weight  with  ivhich  each  driver  presses 
on  rail  when  at  rest,  14,000  lbs. 


297  lbs. 


Fig.  114. 

Taking  the  weight  of  side  rod  and  of  main  rod  as  already 
given,  and  considering  0.6  of  the  weight  of  the  latter  as  a  revolv- 
ing part. 

Main  Wheel.         Hear  Wheel. 
The  excess  of  balancp  over  that  required  for  revolv- 
ing parts  alone  is 204.5  400.8 

which  shows  66  per  cent,  of  the  balance  for  reciprocating  parts 
to  be  in  the  rear  wheel. 

Six  different  rules  for  balancing  locomotives  for  the  road, 
reported  as  being  in  common  use,  give  weight  of  counter- 
balance for  the  locomotive  in  question,  as  follows  : 

Main  Driver.    Rear  Driver. 

Rule  A  (for  freight  engines  only), 

"    B  (for  all  classes  of  service), 

*'     Q      "      *«  '*         '*  '< 

••  r\  i(  II  it  (I  I < 
' I  p  •  <  «'  II  I <  <( 
'•    p      .  It        i(         (, 

Average  of  fiv«;  rules  from  B  to  F  inclusive 


467 

260 

462 

322 

547 

340 

570 

340 

573 

366 

588 

381 

548 

350 
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Compared  with    these    several  standards,  the  weight  of  the 
counterbalances  in  the  Purdue  engine  stand  as  follows : 

Main  Wheel.  Bear  Wheel. 

By  Rule  A  (for  freiglit  service  only),  17.8^  too  heavy,  107.6,^  too  heavy. 


B(for 

all  classes  of  service 

0, 

19.1,^    "       '* 

67.6,^ 

C    " 

H                   ((               (  (                 ( ( 

0.6^    "      " 

56.9,^ 

D  " 

K            <  <          a          <  1 

d.5fo  too  light, 

56  9,^ 

E    " 

<<            <  (          1  (          ( ( 

4.0%    "      " 

47.5,^ 

By  the 

iiverage  of  five  rules  from 

B 

QA%    "       '* 

41.6^ 

to  F  incl iisive 

, . 

0.4%  too  heavy, 

04.2,-^ 

It  is  evident,  therefore,  that  the  weight  of  the  counterbalance 
in  the  rear  wheel,  from  which  most  of  the  results  about  to  be 
discussed  were  obtained,  is  in  excess  of  that  allowed  by  good 
practice  as  expressed  by  the  rules  already  given.  But  practice 
cannot  always  conform  to  the  law  by  which  it  assumes  to  be 
governed.  It  often  happens  where  wheels  are  of  small  diameter, 
and  the  connections  are  heavy,  as  in  Mogul  or  Consolidation 
engines,  that  there  is  not  sufficient  room  in  the  main  wheel  to 
get  in  a  counterbalance  large  enough  for  the  revolving  parts 
alone  ;  in  this  case,  therefore,  the  balance  for  reciprocating  parts 
of  this  wheel  must  be  taken  by  the  other  coupled  wheels,  in  addi- 
tion to  that  which,  under  the  rules,  would  be  counted  as  properly 
belonging  to  them.  By  this  process,  wheels  having  revolving 
parts  which  are  relatively  light  are  employed  to  balance  a  larger 
per  cent,  of  all  the  reciprocating  parts.  Again,  almost  any 
eight-wheeled  engine,  balanced  in  an  approved  manner,  will,  if 
the  coupling  rod  is  removed,  have  an  excess  of  balance  in  the  rear 
wheel  equal  to  that  for  the  engine  under  consideration ;  and 
such  engines  are  not  infrequently  run  while  disconnected. 

These  considerations  will  serve  to  show  that  while  the  total 
weight  of  the  counterbalances  of  the  Purdue  engine  is,  for 
reasons  already  stated,  heavier  than  would  be  considered  neces- 
sary for  the  road,  and  while  at  the  time  of  the  experiments  the 
weights  were  not  well  distributed  between  the  wheels,  yet  the 
conditions  which  existed  are  not  at  all  rare.  Doubtless  many 
wheels  are  running  which  carry  a  greater  counterbalance,  when 
compared  with  the  revolving  parts  to  be  balanced,  than  did 
the  rear  wheel  of  the  Purdue  locomotive. 

RESULTS. 

Attention  has  already  been  directed  to  the  fact,  that  in  the 
engine  experimented  upon,  the  excess  of  weight  in  the  counter- 
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balance  OA'er  that  recjuired  for  the  revolving  parts  alone,  was 
much  <nvater  for  the  rear  driver  than  for  the  main  driver.  As 
the  lifting  effect  is  proportional  to  this  excess  of  weight,  it  fol- 
lows, that  wires  run  under  the  rear  driver  were  likely  to  show 
more  variation  in  thickness  than  those  under  the  main  driver. 
Results  of  experiments  upon  this  point  are  shown  by  Fig.  115, 
which  represents  wires  obtained  at  the  same  instant  from  the 
main  driver  and  the  rear  driver,  respectively.  It  will  be  seen 
that   the    wire    (L.)   from    the    main    driver   shows   but   slight 
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Itear  Ihriver — Might  Side 
Fig.  115. 

variation  in  thickness,  notwithstanding  the  high  speed  (312 
revolutions  per  minute),  and  it  may  be  said  that  no  wire  was 
ever  obtained  from  this  wheel  which  gave  evidence  that  the 
wheel  had  left  the  track.  From  mathematical  considerations  it 
can  be  shown  that  this  wheel  would  not  be  expected  to  lift  at 
speeds  below  80  miles  per  hour  (428  revolutions  per  minute), 
and  such  speeds  are  not  practicable  with  wheels  of  the  diameter 
experimented  upon. 

Passing  now  to  an  inspection  of  wire  II.  (Fig.  115),  from  the 
rear  wheel,  which  was  obtained  at  the  same  instant  with  wire  I., 
it  will  be  seen  that  there  is  a  jump  of  the  wheel  just  after  the 
counterbalance  has  passed  its  highest  point,  which,  when  com- 
pared with  tli'j  corresponding  movement  of  the  main  driver,  is 
very  pronounced.  Wires  from  this  wheel  at  higher  speeds  are 
shown  by  Fig.  116.  In  this  figure  the  full  diameter  of  the  wires  is 
in  each  case  shown  by  a  dotted  line  drawn  parallel  with  the 
base  line.  Wire  III.,  made  at  59  miles  (316  revolutions),  shows 
that  there  was  an  instant  in  the  passage  of  the  wire,  correspond- 
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ing  to  the  point  A,  when  it  was  barely  touched  by  the  wheel. 
Increasing  the  speed  to  63  miles  (337  revolutions),  increased 
the  lifting  action  of  the  wheel  to  the  extent  shown  by  wire  IV. 
(Fig.  116).  At  the  point  B,  the  wheel  parted  contact  with  this 
wire  and  did  not  again  touch  it  until  the  point  C  was  reached, 
an  interval  of  about  40  inches,  the  portion  of  the  wire  between 
B  and  0  being  entirely  round  and  apparently  unaffected  by  its 
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passage  under  the  wheel.  A  further  increase  of  speed  gives,  as 
is  shown  by  wire  V.,  a  still  greater  length  of  full  wire,  the  dis- 
tance from  D  to  E  being  very  nearly  equivalent  to  a  quarter 
revolution  of  the  driver. 

It  will  be  seen  that  all  of  these  wires  fll.  to  Y.,  Figs.  115  and 
116)  substantially  agree  in  showing  the  maximum  lifting  effect 
to  occur  after  the  counterbalance  has  passed  its  highest  point,  an 
effect  undoubtedly  due  to  the  inertia  of  the  mass  to  be  moved  ; 
also  in  showing  that  the  rise  of  the  wheel  from  the  track  is 
more  gradual  than  its  descent.  The  latter  condition  follows  as 
a  sequence  of  the  first. 

Portions  of  the  wires  not  shown  on  the  diagrams  do  not  vary 
much  in  thickness.  The  metal  is  rolled  so  thin  by  the  normal 
pressure  of  the  wheel  that  further  increments  of  pressure  do  not 
greatly  affect  it.  The  wires,  therefore,  do  not  emphasize  the 
destructive  effect  of  the  variation  of  wheel  pressure  when  the 
change  is  insufficient  to  lift  the  wheel  from  the  track. 
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It  now  remains  to  mention  the  effect  of  certain  disturbing 
elements  which  are  shown  by  the  experiments  to  modify  the  actual 
movement  of  the  wheel,  other  conditions  remaining  constant.  For 
the  rear  wheel,  these  disturbing  elements  are  all  in  the  nature  of 
vibrations. 

The  first  to  be  noticed  is  the  rocking  of  the  engine  upon  its 
springs,  which  motion  tends  to  vary  the  pressure  of  the  wheel 
upon  the  track  independently   of  the    action   of  the   counter- 
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balance.  At  one  revolution  the  effect  of  the  rocking  may  oppose 
the  action  of  the  counterbalance,  and  at  the  next  revolution  it 
may  supplement  the  action  of  the  counterbalance  in  producing  a 
vertical  movement  of  the  driver.  Again,  the  effect  of  the  rocking 
may  at  a  given  instant  be  nil,  and  the  wheel  may  rise  under  the 
action  of  tlie  counterbalance  ;  but  in  another  instant  the  effect 
of  the  rof-king  appears,  and  the  path  of  the  wheel  while  in  air 
is  raodififjd  and  its  time  of  descent  changed.  Thus,  the  exist- 
ence of  this  vibration  makes  it  impossible  to  duplicate  wires 
with  certaincy,  even  though  the  speed  is  constant ;  its  effect 
Ls  well  shown  by  Fig.  117.     Wires  VI.  and  VII.  were  taken  from 


COUNTERBALANCE   IN   LOCOMOTIVE   DRIVE-WHEELS.  315 

the  rear  drivers  at  the  same  instant,  one  from  the  right  side,  the 
other  from  the  left ;  the  speed,  therefore,  must  have  been  the 
same  for  both.  The  right  driver  lacked  a  good  deal  of  leaving 
its  wire,  but  the  left  driver  was  in  air  for  a  tenth  of  a  revolution. 
Again,  wires  VIII.  and  IX.  were  made  in  the  same  way  at  a 
higher  speed ;  and  here,  while  both  drivers  were  off  the  track, 
the  results  are  reversed,  the  right  driver  giving  the  greater 
length  of  full  wire.  It  will  also  be  seen  from  the  diagrams,  that 
not  only  is  the  extent  of  the  vertical  movement  of  the  driver 
modified  by  the  rocking  of  the  engine,  but  the  position  of  the 
wheel  when  such  motion  occurs  is  changed.  It  is  evident, 
therefore,  that  this  movement  of  the  engine  upon  its  springs 
will  prove  a  serious  difficulty  whenever  an  attempt  is  made  to 
predict  as  to  the  precise  movement  of  the  centre  of  gravity  of 
the  driver,  whether  the  method  of  investigation  be  mathematical 
or  experimental. 

There  appears,  also,  to  be  a  vibration  of  parts,  as,  for  exam- 
ple, of  the  wheel  as  a  whole,  these  vibrations  being  of  small 
amplitude.  Evidence  of  the  j)resence  of  such  vibration  is  shown 
by  the  location  of  points  on  the  diagrams  of  wires.  Figs.  1 15  to  117, 
which  points  represent  the  thickness  of  the  wires  as  found  by 
measurement.  Referring  especially  to  wires  I.  and  II.  (Fig.  115), 
it  will  be  seen  that  the  actual  thickness  of  the  wire  alternately 
increases  and  diminishes  with  every  point.  The  time  involved 
in  passing  from  one  high  point  to  another  (a  distance  of  ten 
inches)  was  about  0.01  of  a  second.  This  vibration  may  be 
traced  on  other  diagrams  ;  its  amplitude  is  from  two  to  four 
thousandths  of  an  inch  only.  Whether  the  j)rocess  of  introduc- 
ing the  wire  starts,  or  has  any  connection  with,  this  vibration, 
the  experiment  does  not  show. 

A  third  class  of  vibrations  is  made  apparent  by  a  duplication 
upon  the  wire  of  the  reference  mark  on  the  wheel.  As  has 
already  been  stated,  a  light  nick  from  a  sharp  chisel  was  made 
across  the  face  of  the  wheel  to  serve  as  a  reference  mark.  This 
nick  leaves  a  clear-cut  projection  upon  the  wire.  But  at  high 
speeds  the  single  nick  across  the  face  of  the  wheel  leaves  two 
projections  upon  the  wire,  showing  that  after  making  one  im- 
pression the  surface  of  the  wheel  must  for  an  instant  have 
actually  cleared  the  wire  and  then  impressed  itself  a  second 
time.  The  distance  between  these  projections  on  tho  wires 
varies  somewhat,  but  is  usually  about  an  eighth  of  an  inch,  which 
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represents  a  time  interval  between  the  two  impressions  of  about 
0.008  of  a  second.  The  contact  between  wheel  and  track  is 
therefore  not  continuous,  but  is  a  succession  of  exceedingly 
rapid  impacts.  These  vibrations  canuot  affect  the  wheel  as  a 
whole  ;  they  are  doubtless  due  to  the  elasticity  of  the  materials, 
and  involve  only  the  parts  immediately  about  the  point  of  contact. 

CONCLUSIONS. 

The  results  of  the  experiments  appear  to  justify  the  following 
conclusions  : 

( 1 )  Wheels  balanced  according  to  usual  rules  (which  require 
all  revolving  parts,  and  from  40  per  cent,  to  80  per  cent,  of  all 
reciprocating  parts,  to  be  balanced,  the  counterbalance  for  the 
reciprocating  parts  to  be  distributed  equally  among  the  several 
wheels  connected)  are  not  likely  to  leave  the  track  through  the 
action  of  the  counterbalance,  and  cannot  do  so  unless  the  speed 
is  excessive. 

i2)  A  wheel  which,  when  at  rest,  presses  upon  the  rail  with  a 
force  of  14,000  pounds,  and  which  carries  a  counterbalance  100 
pounds  in  excess  of  that  required  for  its  revolving  parts  alone, 
may  be  expected  to  leave  the  track  through  the  action  of  the 
counterbalance  whenever  its  speed  exceeds  310  revolutions  per 
minute. 

(3)  Wlien  a  wheel  is  lifted,  through  the  action  of  its  counter- 
balance, its  rise  is  comparatively  slow  and  its  descent  rapid. 
The  maximum  lift  occurs  after  the  counterbalance  has  passed 
its  highest  point. 

(4c)  The  rocking  of  the  engine  on  its  springs  may  assist  or 
oppose  the  action  of  the  counterbalance  in  lifting  the  wheel. 
It,  therefore,  constitutes  a  serious  obstacle  in  the  way  of  any 
study  of  the  precise  movement  of  the  wheel. 

(5)  The  contact  of  tlie  moving  wheel  with  the  track  is  not 
continuous,  even  for  those  portions  of  the  revolution  where  the 
pressure  is  greatest,  but  is  a  rapid  succession  of  impacts. 

The  writer  is  indebted  to  Daniel  Royse,  M.M.E.,  junior  mem- 
ber of  the  Society,  for  assistance  in  the  preparation  of  data. 
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DISCUSSION.* 

Mr.  M.  N.  Forney. — This  paper  is  an  extremely  interesting  one, 
and  presents  some  matters  which  have  been  but  very  httle  under- 
stood, and  which  appear  to  be  of  very  great  importance  in  the 
operation  of  raih'oads.  The  fact  that  a  locomotive  driving-wheel 
in  ordinary  service  actuallv  rises  entirelv  clear  of  the  track  at 
high  speeds  is  a  matter  of  so  much  importance  that  it  certainly 
should  receive  great  attention  from  the  Society  of  Mechanical 
Engineers.  There  are  some  things  in  this  paper,  however,  to 
which  it  seems  to  me  that  attention  has  hardly  been  sufficiently 
given.  The  paper  indicates  that  the  rising  of  the  driving-wheel 
entirely  clear  of  the  track  has  onlv  occui-red  in  those  wheels 
which  were  practically  overbalanced.  The  forward  driving-wheel 
never  rose  clear  of  the  track.  It  was  onlv  in  the  rear  drivinsr- 
wheel,  w^hich  had  a  greater  excess  of  balance  than  the  forward 
one,  that  this  action  took  place.  On  page  310  there  are  some  fig- 
ures given  Avhich  present  the  results  of  six  different  rules  for  bal- 
ancing the  driving-wheels  of  locomotives.  From  the  figures  which 
are  there  given  it  will  be  seen  that  in  every  instance  the  wheels  of 
this  locomotive  that  were  experimented  with  had  more  balance 
than  these  rules  indicate  thev  should  have,  or  were  overbalanced, 
as  it  is  called.  N^ow,  I  presmne  that  there  are  hardl}^  any  of  you 
here  who  have  not  at  some  time  or  other  been  to  a  countrj^  circus, 
and  seen  a  man  get  down  on  his  hands  and  feet  and  place  a  big 
stone  on  his  stomach,  and  have  somebody  take  a  sledge-hammer 
and  break  that  stone  to  pieces,  without  anv  injurv  to  the  man 
whatever.  The  fact  is,  that  that  stone  resisted  the  inertia  of  the 
hammer  to  such  an  extent  that  it  did  not  affect  the  man  below  it 
or  his  stomach.  It  seems  to  me  that  a  somewhat  analogous  con- 
dition of  things  exists  in  a  locomotive.  Before  the  wheel  can  rise 
from  the  rail  throuo^h  the  effect  of  the  counterbalance  vou  must 
overcome  the  inertia  due  to  the  weight  of  the  wheel  and  axle  and 
driving-box  and  spring,  and  all  the  parts  which  are  not  resisted  by 
the  elasticity  of  the  spring.  It  is  only  what  may  be  called  the 
superfluous  effect  of  the  action  of  the  counterbalance  which  has 
anv  effect  in  raising*  the  wheel  from  the  track.     It  is  for  this  rea- 

*Tbis  discussion  covers  also  the  topics  pieseoted  in  Paper  Xo.  624  of  the 
same  meeting,  by  Mr.  David  L.  Barnes,  entitled,  "  Rail  Pressures  of  Locomotive 
Driving  Wheels." — Transactions  of  the  American  Society  of  Mechanical  Kngineers, 
Vol.  XVI.,  p.  249. 
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son  tluit  it  is  only  when  the  wheel  is  overbalanced  that  this  effect 
takes  })hice.  For  that  reason,  as  a  practical  question,  it  does  not 
seem  to  nie  to  be  of  so  much  importance  as  it  would  appear  from 
the  paper  before  us. 

J//'.  Geo.  S.  Morlson. — I  was  going  to  ask  Mr.  Forney  a  ques- 
tion. He  has  shown  us  a  man  lying  on  his  back  with  a  big  stone 
on  his  stomach,  and  another  man,  with  a  light  hammer,  presum- 
ablv,  striking  very  rapid  blows,  breaks  that  stone.  Suppose  the 
man,  instead  of  taking  a  light  hammer  and  striking  rapid  blows, 
had  taken  a  heavy  hammer  and  struck  a  slow  blow,  and  broken 
the  stone ;  what  would  have  been  the  effect  on  the  man  under 
the  stone  I 

Jfr.  Forney. — My  reply  to  that  would  be  similar  to  what  Mr. 
Stephenson  said  about  the  cow  on  the  railroad  track,  it  would 
have  been  bad  for  the  man. 

Mr.  Morlson. — It  seems  to  me  that  the  counterbalancing  of 
locomotive  driving-wheels  resembles  the  case  which  is  bad  for  the 
man  rather  than  the  case  which  is  good  for  the  man  ;  it  corre- 
si)onds  to  a  slow  blow  struck  with  a  heavy  hammer,  much  more 
than  it  corresponds  to  a  quick  blow  struck  with  a  light  hammer. 
AVhen  you  have  a  driving-wheel  lifted  from  the  track  by  the 
motion  of  a  revolving  counterbalance  you  have  simply  an  exag- 
crerated  form  of  what  exists  w4ien  it  is  not  lifted  from  the  track. 

o 

The  actual  blow  which  gives  notice  of  what  is  occurring,  and  has, 
in  quite  a  number  of  instances,  bent  rails  so  that  they  had  to  be 
removed  from  the  track,  occurs  only  when  the  wheel  is  lifted  from 
the  track.  ]>ut  if  you  have  a  driving-wheel  with  14,000  pounds 
weight  upon  it,  counterbalanced  in  such  a  way  that  Avhen  running 
at  a  given  speed  the  wheel  is  actually  lifted  from  the  track  ;  and 
then  take  the  same  wheel  with  15,000  ])ounds  pressure  on  it, 
countei'balanced  in  the  same  way,  when  running  at  the  given 
spe<*d,  the  pressure  from  the  wheel  would  vary  from  1,000 
jKjunds  to  2'J,00(j  pounds,  instead  of  being,  as  is  assumed  in  most 
calculations  for  rails  and  bridges  and  other  such  things,  a  uniform 
pressure  of  ir>,000  pounds.  This  is  a  variation  which  is  of  enor- 
mous importance;  there  is  nothing  from  which  our  permanent 
structures,  our  rails,  our  bridges,  and  everything  else  on  railroads, 
our  ties  and  all,  are  suffering  much  more  than  from  this  simple 
cause;  and  there  is  nothing  which,  with  the  high  speeds  we  are 
now  running  our  trains  on,  it  is  more  important  to  eliminate. 
That  is  the  way  it  impresses  ine ;  we  are  having  a  constant  vari- 
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ation  of  pressure  in  a  position  where  it  is  of  the  utmost  impor- 
tance to  secure  uniform  pressure,  uniform  wear,  and  every  other 
uniform  result. 

Prof,  J,  B.  Wehh. — I  should  like  to  call  Mr.  Forney's  attention, 
if  he  has  not  noticed  it,  to  the  remark  on  page  312  that  at  eio-htv 
miles  an  hour  this  wheel  would  be  expected  to  lift,  and  that  ow- 
ing to  this  locomotive  not  being  constructed  so  as  to  run  at  those 
speeds,  they  did  not  get  that  wheel  to  lift.  And  then  I  would 
also  remark  further  that  perhaps  undue  attention  is  attracted  bv 
the  fact  of  the  wheel  lifting.  AVhen  it  does  not  actually  lift  from 
the  track,  it  strikes  a  blow,  not  so  great,  but  still  it  strikes  a  blow. 
Suppose  that  the  dead  weight  depresses  the  track  a  tenth  of  an 
inch,  then,  without  lifting  from  the  track,  there  may  be  a  vibra- 
tion of  almost  one-liftli  of  an  inch  set  up;  that  is,  the  driver  mav, 
during  part  of  the  revolution,  be  scarcely  touching  the  track, 
which  will  then  be  straight,  and  during  another  part  it  may  de- 
press the  track  a  fifth  of  an  inch.  Xow,  whatever  does  this  some 
hundreds  of  times  per  minute  strikes  a  blow,  whether  you  choose 
to  call  it  one  or  not.  More  than  this,  these  vibrations  are  irreou- 
lar,  and  may  accumulate,  so  that  while  at  one  time  the  driver  does 
not  lift,  it  may  at  another,  without  any  change  in  the  speed  hav- 
ing been  made. 

Mr.  Geo.  S.  Strong. — I  do  not  think  there  are  very  many  rail- 
way managers  who  would  consent  to  have  an  engine  delivered 
to  them  which  had  30,000  pounds  to  the  wheel.  I  remember, 
several  years  ago,  I  built  for  tlie  Lehigh  Yalley  R.  R.  an  engine, 
and  because  the  engine  weighed  3,000  pounds  more  than  other 
engines  on  the  road,  and  had  17,500  pounds  to  the  wheel,  while 
other  engines  had  in  the  neighborhood  of  17,000  pounds,  they 
would  not  allow  tlie  eng-ine  to  run  over  the  road  until  thev 
had  strengthened  some  of  the  bridges.  And  then,  again,  a 
short  time  afterwards,  we  built  another  engine  which  had  90,000 
pounds  on  six  wheels,  and  the  general  superintendent  would  not 
allow  the  engine  to  run  over  the  main  division,  where  it  was 
intended  to  run,  for  six  months,  until  they  had  strengthened  up 
a  number  of  bridges,  because  there  was  90,000  pounds  on  six 
wheels.  There  is  no  doubt  in  my  mind  that  they  had  dozens  of 
engines  on  that  division  all  the  time,  which  were  putting  as  high 
as  30,000  pounds  pressure  on  the  rails  right  over  the  bridges. 
That  is  a  question  that  is  coming  up  all  the  time — the  question 
of  how  much  will  vou  allow  on  a  wheel  ?  and  yet,  at  the  same 
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time,  thov  have  got  double  the  load  on  the  wlieels,  and  do  not 

know  it. 

Now,  as  to  the  question  of  bakmcing  these  reciprocating  parts. 
You  take  the  different  locomotive-builders  ;  one  man  will  say, 
balance  all  the  reciprocating  parts  ;  another  will  say,  balance  half 
the  reciprocating  parts.  A  few  years  ago  I  built  an  engine  in 
Boston,  and  we  balanced  two-thirds  of  the  reciprocating  parts. 
AVe  o"ot  the  eno-ine  out  and  ran  it  on  the  Shore  Line  to  break  it 
in,  and  although  the  engine  and  tender  weighed  100  tons  when 
we  ran  it,  without  a  train  on  it,  up  to  sixty  miles  an  hour,  the 
en<^ine  would  move  so  that  it  would  jig  the  seat  under  me,  show- 
ino-  that  tlie  unbalanced  third  of  the  reciprocating  part  was 
chanorinf  the  direction  of  100  tons  at  least  350  times  a  minute. 
AVe  ran  with  the  engine  balanced  in  that  Avay  on  a  train  for  a 
week  or  so,  and  the  superintendent  sent  out  an  expert  to  find 
out  why  the  baggage  wouldn't  stay  piled  up  in  the  baggage-car, 
and  the  expert  came  back  and  said  it  was  the  fault  of  the  springs 
in  the  bafrefaffe-car.  I  knew  what  the  trouble  was,  and  so  did  the 
master-mecljauic.  AYe  took  the  engine  in  and  put  450  pounds  of 
lead  and  antimony  into  the  wheels,  so  that  we  balanced  them 
fully  u})  to  the  weight  of  the  reciprocating  parts.  After  that 
there  was  no  trouble.  Yet,  when  you  got  the  engine  up  to  a 
speed  of  ninety  miles  an  hour,  and  put  your  hat-rim  against  the 
window-pane,  you  could  feel  the  whole  engine  Avas  trembling  like 
a  leaf  with  the  terrific  force  which  was  disintegrating  the  whole 
machine.  The  bolts  that  held  the  cylinders  on  to  the  frame  were 
sheared.  The  bolts  that  held  the  cylinders  on  to  the  boiler  were 
sheared.  The  guides  were  broken  loose  from  the  cylinders. 
And  after  running  the  engine  for  three  months  at  those  high 
s|>eeds,  we  spent  nearly  $1,500  in  putting  it  in  repair  again, 
while  we  had  run  the  engine  on  another  road  for  six  or  nine 
months  before,  where  we  did  not  get  up  those  high  speeds,  and 
did  not  have  any  repairs  at  all.  I  have  not  any  doubt  that 
fully  one-third  of  the  general  repairs  to  a  locomotive  are  due  to 
the  unbalanced  parts  of  the  engine ;  and  I  have  no  doubt  that 
fully  one-third  of  the  wear  and  tear  of  the  track  is  due  to  the 
same  cause. 

On  tlie  Heading  road,  a  few  years  ago,  they  had  a  lot  of 
engines  with  very  heavy  reciprocating  and  revolving  parts.  One 
of  thcjse  engines,  at  a  speed  of  about  seventy  miles  an  h(jur,  bent 
three  miles  of  track,  70-pound  rails,  so  that  they  had  to  take  the 
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rails  out  and  throw  them  in  the  scrap  heap  until  they  could  be 
straightened,  and  the}^  sent  them  to  Bethlehem  to  be  straightened, 
and  put  them  in  sidings.  The  locomotive  left  the  mark  of  the 
flange  on  the  top  of  the  rail.  In  some  places,  where  tlie  wheel 
came  on  top  of  the  rail,  the  engine  left  the  track  and  ran  nearly 
a  hundred  yards  over  the  ties.  Only  a  short  time  ago,  I  saw,  on 
the  Xorth  Penn.  branch,  a  new  piece  of  track  which  had  only 
been  down  three  years,  and  I  walked  about  three  miles,  and 
counted  in  that  distance  between  thirty  and  forty  80-pound  rails 
which  had  kinks  that  were  distinct,  some  as  large  as  two  inches 
in  the  length  of  the  rail.     The  rails  had  to  be  taken  up. 

2L\  F.  TV.  Dean. — This  matter  of  balancing  locomotive  driv- 
ing-wheels and  reciprocating  parts,  I  think,  is  of  fully  as  much 
importance  as  Mr.  Strong  has  represented,  and  also  Mr.  Morison. 
In  my  own  experience  in  riding  on  locomotives  I  have  noticed 
a  great  deal  of  vertical  vibration,  which  could  only  be  accounted 
for,  so  far  as  I  was  able  to  account  for  it,  by  supposing  that 
the  wheels  actually  left  the  rails.  The  engine  to  which  I  refer 
developed  that  maximum  effect  at  a  speed  of  almost  exactly 
sixty  miles  per  hour.  Below  that  speed  it  was  hardly  perceptible, 
and  above  it  it  was  hardly  perceptible.  But  the  speed  of  sixty 
miles  an  hour  was  frequently  maintained  for  a  long  period  in 
relation  to  the  length  of  the  road,  but  not  very  long  in  time. 
There  are  places,  of  course,  where  a  speed  of  sixty  miles  per  hour, 
or  any  other  speed,  is  maintained  for  a  mile  or  two,  and,  of  course, 
if  it  were  maintained  for  onh^  two  miles,  and  had  this  effect  on  the 
engine,  either  in  loosening  the  bolts  or  in  general  disintegration, 
it  can  still  be  considered  of  vital  importance  to  the  life  of  the 
whole  plant  of  the  system.  I  think  it  is  a  matter  to  be  regretted 
that  the  mechanical  departments  of  most  of  our  railroads  are  not 
upon  a  higher  plane.  I  make  all  the  exceptions  that  everybody 
knows  ought  to  be  made.  There  are  many  roads  which  are  con- 
ducted intelligently  in  the  mechanical  department.  The  majority 
of  them  are  not.  This  matter,  I  think,  is  something  which  is 
growing  in  importance,  at  least,  growing  upon  the  attention  of 
people ;  and  it  is  bound  sooner  or  later  to  bring  about  the  bal- 
ancing of  locomotives.  Mr.  Strong  has  made  studies  in  this  sub- 
ject, and,  without  doubt,  has  a  design  which  will  overcome  this 
difficulty  perfectly. 

Now,  to  return  to  the  class  of  locomotives  to  which  I  refer,  in 
which  this  effect  was  apparent,  the  vertical  vibration  was  very 
21 
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unpleasiint  to  a  person  upon  the  seat  in  the  cab,  and  it  was  incon- 
ceivable to  me  that  it  could  be  produced  except  by  the  wheel 
actually  leaving  the  rail.  I  do  not  know  that  I  had  ever  heard 
at  that  time  that  anybody  knew  that  a  wheel  ever  did  leave  the 
rail,  but  Professor  Goss  has  amply  shown  that  it  does,  and  it 
would  seem  that  these  indentations  that  Mr.  Strong  has  seen  on 
the  rail  are  additional  proof.  I  hope  that  something  will  be  done 
in  this  matter  in  the  future. 

Prof.  Gaetano  Lanza.— 'R^iQwyng  to  this  matter  of  balancing 
locomotives,  it  seems  to  me  that  the  assumption  most  commonly 
made  has  been  that  we  must  balance  the  entire  horizontal  throw. 
In  an  ordinary  locomotive  it  is  not  possible,  by  means  of  the  usual 
counterbalance  weights  in  the  wheels,  to  balance  both  the  horizon- 
tal and  the  vertical  throw  ;  hence,  if  the  entire  horizontal  throw  is 
balanced  there  will  be  pounding.  The  question  arises,  what  com- 
promise should  be  adopted  between  balancing  the  entire  horizon- 
tal throw,  and  balancing  only  the  vertical.  I  should  like  to  ask 
whether  any  railroad  man  has  ever  tried  balancing  only  the  ver- 
tical and  letting  the  horizontal  go,  and  what  happened.  I  am 
not  recommending  this,  but  I  would  like  simply  to  know  if  it  has 
ever  been  tried  and  how  it  succeeded,  with  a  view  of  determining- 
how  much  of  the  horizontal  it  is  absolutely  necessary  or  desirable 
to  balance. 

Mr.  Chas.  T.  Porter. — AYith  respect  to  the  cranks  themselves, 
and  the  side-rods  and  the  crank  end  of  the  connecting-rod,  the 
vertical  stresses  of  these  parts  and  of  the  counterweights  equal  in 
weight  to  these  parts  are  equal  and  opposite  at  any  speed  what- 
ever, and  so  there  is  no  variation  in  the  pressure  on  the  rail. 
The  piston,  the  cross-head,  the  piston-rod  and  the  cross-head  end 
of  the  connecting-rod  are  parts  which  have  only  a  horizontal 
motion,  and  which  need  to  be  balanced.  I  apprehend  that  in  the 
jKirfect  locomotive  some  way  will  be  found  for  balancing  this  por- 
tion of  the  reciprocating  parts  of  the  engine,  other  than  by  a 
revolving  mass  which  has  a  vertical  component  which  cannot  be 
balanced.  Then  it  makes  no  matter  how  heavy  the  cranks  are, 
how  lieavy  the  side-rods,  or  how  heav}^  the  crank  end  of  the  con- 
necting-rod is,  because  the  counterweight,  equal  in  weight  to 
them,  will  have  a  stress  ecjual  and  opposite  to  theirs  in  all  direc- 
tions. I  think  that  absolute  steadiness  of  motion,  with  uniform 
pressure  on  th«;  rails,  can  be  obtained  only  by  balancing  the  strictly 
reciprocating  parts  in  some  other  way  than  b}^  a  revolving  mass. 
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Mr.  Forney. — I  would  say  to  Mr.  Poi'ter  that  Mr.  Strong  has 
been  engaged  in  designing  an  engine  in  which  he  hopes  to  accom- 
pHsh  that,  and  I  have  been  engaged  in  doing  the  same  thing,  and 
hope  to  accomplish  what  he  is  aiming  at. 

With  reference  to  what  Mr.  Morison  said,  I  would  like  to  illus- 
trate my  point  a  little  further.  If  you  will  take  his  ideal  strong- 
man and  his  ideal  heavy  sledge,  and  let  that  man  strike  a  blow 
with  all  his  force  directly  on  the  rail,  it  is  quite  conceivable  that  the 
man  might  break  the  rail.  But  suppose,  instead  of  striking  directly 
on  the  rail,  you  were  to  take  a  pair  of  driving  wheels  on  an  axle, 
with  driving  boxes  and  eccentrics  on  it,  and  allow  that  man  to 
strike  on  the  top  of  the  driving  wheel — evidentl}^  the  effect  on  the 
rail  would  be  less  than  if  he  struck  the  rail  directly.  In  the  one 
case  the  blow  of  the  sledge  must  overcome  the  entire  inertia  of 
the  wheel  before  it  affects  the  rail  at  all,  when  the  motion  of  the 
locomotive  is  very  rapid,  and  there  must  be  sufficient  time  for  the 
action  of  the  centrifugal  force  to  act  against  the  inertia  of  the 
wheel  and  affect  the  rail.  If  3^ou  will  refer  to  the  paper,  at  page 
311,  you  will  see  there  five  rules,  B  to  F,  inclusive,  and  in  the 
last  line  of  the  last  table  you  will  see  that  the  main  wheel  was 
counterbalanced  -1  per  cent,  too  heavy,  and  the  rear  wheel  was 
counterbalanced  54  per  cent,  too  heavy.  Kow  if  you  will  refer 
back  to  Fig.  115,  on  page  312,  you  will  see  that  in  the  first  dia- 
gram wire  1  was  acted  on  by  the  forward  driver  or  the  main 
wheel,  which  was  counterbalanced  4  per  cent,  too  heavy.  1  ou 
can  see  that  wheel  had  very  little  effect  on  the  wire.  If  you  come 
now  to  the  second  wire  below  that,  it  was  the  rear  W'heel  which 
w^as  counterbalanced  54  per  cent,  too  heavy,  you  can  see  there 
that  the  driving  wheel  lifted  clear  of  the  rail.  In  other  words,  an 
excess  of  5-1  per  cent,  of  counterbalance  produced  this  effect  of 
raising  the  wheel  clear  of  the  rail,  and  an  excess  of  4  per  cent,  did 
not,  so  that  I  say  it  is  a  fair  inference  that  the  great  evils  pre- 
sented here  are  due  to  over  counterbalancing.  [N^ow,  I  am  not 
arguing  that  having  this  disturbing  effect  and  this  tendency  is  a 
good  thing — not  b}'  any  means.  But  do  not  let  us  delude  our- 
selves into  the  belief  that  the  injurious  effects  are  greater  than 
they  really  are. 

Mr.  John  Mc George. — I  would  like  to  give  one  instance  to  show 
the  effect  of  the  vertical  counterbalance.  The  question  is,  what 
are  we  to  counterbalance — the  horizontally  moving  parts  or  the 
vertically  moving  parts  ?     I  have  in  my  mind  an  instance  of  a 
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rollinir-niill  engine  which  was  very  heavily  loaded  and  running 
verv  fast.  Tliat  engine  had  to  have  the  brick-work  repeatedly 
repaired.  The  excess  of  counterbalance,  as  Mr.  Forne}^  puts  it, 
was  exercised,  I  su})pose,  vertically,  and  crushed  the  brick- work 
under  the  crank  end,  and  the  makers  of  the  engine  had  to  alter 
their  patterns  so  as  to  give  an  excess  of  bearing  surface  under  that 
end  of  the  engine  to  stop  that  result.  I  just  cite  this  to  show 
the  evil  influence  of  what  Mr.  Forney,  I  suppose,  is  referring  to 
as  overbahmcing.  It  is  certainly  overbalanced  vertically,  but  not 
horizontally.     Xow  the  question  is,  where  will  you  compromise  ? 

J//'.  Morison. — Mr.  Forney  is  undoubtedly  correct  in  stating 
that  it  takes  some  time  to  get  the  full  effects  of  any  variation  in 
weight  or  pressure,  but  I  think  he  is  entirely  wrong  in  assuming 
that  the  blow  is  at  the  top  of  the  driving  wheel..  The  blow  is 
struck  by  the  driving  wheel  itself,  and  is  struck  on  the  rail  at  the 
bottom  of  tlie  driving  wheel,  where  the  driving  wheel  is  in  contact 
with  the  rail.  The  stone,  and  not  the  man,  really  represents  the 
rail.  I  think  there  is  no  doubt  that  it  does  take  time  to  distribute 
the  effect  over  the  rail,  and  so  over  the  roadbed,  and  this  is  in  a 
measure  a  relief  to  the  rail  from  the  apparent  immediate  effects, 
but  the  effect  comes  just  as  much.  There  is  a  varying  pressure 
which  is  a  source  of  constant  wear,  and  source  of  constant  strain, 
on  tlie  whole  engine,  because,  not  only  does  it  make  a  vertical 
disturbance,  but  it  makes  a  continual  difference  in  adhesion. 
Furthermore,  T  think  there  is  no  doubt  that  some  serious  ac- 
cidents, which  have  never  been  explained,  have  really  been  due 
to  this  cause.  Any  one  who  has  had  anything  to  do  with  a  rail- 
road over  an  undulating  country  knows  how  trains  run  at  the 
foot  of  grades,  knows  that  often  a  heavy  freight-train,  at  the  foot 
of  a  grade,  is  running  just  as  fast  as  it  can  go  to  get  a  momentum 
to  take  it  up  the  grade  beyond.  Almost  all  bent  rails  have  been 
found  right  down  V)etween  two  hills.  I  am  inclined  to  think 
it  has  been  rather  fortunate  that  wheels  have  occasionally  left  the 
rails,  and  left  their  visible  marks,  for  this  has  opened  our  eyes  to 
the  risks  we  are  running. 

Mr.  Ohorlln  Smith. — I  think  Mr.  Morison  is  right  in  saying 
tliat  the  alleged  blow  is  struck  by  the  wheel  itself  rather  than  by 
anytliing  flso. 

Mr.  luf/'iietj. — Will  you  allow  me  to  ask  a  question?  If  you 
take  a  pulley  which  is  not  bahinced,  does  that  pulley  produce  a 
blow  ? 


COUNTERBALANCE   IN   LOCOMOTIVE   DRIVE-WHEELS.  325 

Mr.  Smith. — No,  sir. 

Mr.  Forney, — Now,  if  you  put  a  balance  in,  it  does  produce  a 
blow.     Which  produces  the  blow,  the  balance  or  the  pulley  ? 

Mr.  Smith. — I  am  coming  to  that.  I  was  just  going  to  remark 
that  there  is  not  anj^  blow  there.  A  hammer  blow  is  a  sudden 
striking  of  something  or  another  with  something  else  which  has 
a  lot  of  living  force.  Now,  in  a  locomotive  wheel,  it  is  purely  an 
undulating  pressure.  We  start  at  the  point  of  balance  with  no 
pressure  on  the  rail  except  that  part  of  the  weight  of  the  loco- 
motive that  is  on  the  wheel  in  question.  Then  the  centrifugal 
force  of  the  unbalanced  parts  tries  to  throw  the  wheel  down  or 
up,  as  the  case  may  be,  thereby  increasing  or  decreasing  the 
pressure  on  the  rail.  This  action  accelerates  and  diminishes 
periodicalh^,  but  there  is  nothing  sudden  about  it.  If  the  rail 
were  like  putty  or  soap  it  would  be  embossed  into  definite  waves. 
As,  however,  it  is  somewhat  elastic  it  is  only  partially  and  slowly 
so  affected.  As  to  there  being  any  hammer  blow,  P  do  not  see 
where  it  is. 

Mr.  Strong. — I  want  to  describe  the  action  of  the  engine  on 
this  track  that  I  examined  on  the  North  Penn.  Road.  These 
badly  bent  rails  were  at  the  foot  of  the  grade,  as  Mr.  Morison 
says,  and  on  a  curve.  Now,  the  locomotive  being  coupled  up  on 
the  quarters,  of  course  the  variation  comes  alternately  on  one  side 
and  then  on  the  other.  The  result  of  it  is,  the  lifting  on  one  side, 
then  the  lifting  on  the  other  side,  puts  the  engine  into  a  rolling 
motion,  and  when  you.  get  up  to  the  point  Avhere  the  wheel 
actually  leaves  the  rail,  the  wheel  comes  up  and  then  goes  down 
in  such  a  way  as  to  strike  the  rail  and  bend  it  in.  All  these  are 
down  and  in,  some  places  as  much  as  half  an  inch,  perhaps  two 
inches  down — not  in  the  whole  length  of  the  rail,  but  it  would  be 
between  two  ties.  It  is  a  regular  kink.  It  is  not  a  long,  easy 
curve,  but  it  is  a  distinct  bend,  almost  as  distinct  as  if  the  driving 
wheel  was  let  down  into  it.  In  every  case  the  rail  is  bent  in  two 
directions,  down  and  in,  never  out,  showing  that  the  engine  gets 
this  rolling  motion,  and  the  wheels  strike  a  blow  as  they  come 
down  and  in. 

Professor  Webb. — I  think  you  can  see  that  it  is  the  wheel  that 
strikes  the  blow ;  that  it  is  the  wheel  that  is  really  the  hammer, 
by  remembering  the  law  of  mechanics  that  any  body — in  this 
case  a  circular  bod}^ — whose  centre  of  gravity  is  not  in  the  centre 
of  the  circle  tends  to  revolve  about  the  centre  of  gravity  and  not 


326  COrXTERBALAXCE   IX    LOCOMOTIVE   DRIVE- WHEELS. 

about  the  centre  of  tlie  circle.  In  this  case,  if  I  am  right,  the 
centre  of  o-ravitv  of  the  wheel  is  about  one-tenth  of  an  inch  from 
the  centre  of  the  shaft,  and  therefore  the  wheel  is  trying  to 
revolve  about  this  point.  We  are  therefore  running  an  eccentric 
wheel  on  the  track,  and  it  will  give  to  the  track  a  hammer  blow, 
if  vou  i^lease  to  call  it  that.  To  have  the  wheel  run  smoothly  the 
track  has  got  to  get  out  of  the  way,  and  the  track,  refusing  to  do 
this,  makes  all  the  trouble.  If  the  track  does  not  get  out  of  the 
way  the  centre  of  the  wheel  has  got  to  rise  and  fall  five  times  a 
second  through  a  fifth  of  an  inch.  To  appreciate  the  real  action 
of  the  virtually  eccentric  dr'iver,  suppose  the  wheel  to  be  perfectly 
balanced  and  running  smoothly,  and  then  put  upon  the  track  a 
bar  of  iron,  say  one  inch  wide  and  varying  in  thickness  from 
almost  nothing  to  a  fifth  of  an  inch  every  dozen  or  fifteen  feet,  or 
whatever  the  circumference  of  the  driver  may  be,  and  let  the 
driver  rush  over  it  at  full  speed,  bobbing  up  and  down  a  fifth  of 
an  inch  five  times  a  second,  or  jumping  clear  of  it  in  the  attempt 
to  do  so. 

2h\  William  Forsyth. — It  must  be  a  satisfaction  to  railroad 
mechanical  engineers,  that  after  the  very  thorough  mathemati- 
cal analysis  of  the  effects  of  the  excess  balance  in  locomotive 
driving-wheels  by  Mr.  Barnes  and  Professor  Webb,  the  first  con- 
clusion reached  is,  "  the  method  in  common  use  which  balances 
two-thirds  of  the  reciprocating  parts  is  practically  perfect,  so  far 
as  the  locomotive  is  concerned."  We  are  interested  also  in  the 
conclusion  relating  to  the  effect  on  the  rails  of  this  excess  balance 
at  high  speeds,  as  accusation  is  frequently  made  by  the  chief 
engineers  and  roadmasters,  who  are  responsible  for  the  condition 
of  the  track,  that  locomotives,  when  balanced  according  to  the 
above  rule,  often  damage  the  rails  by  excessive  blows  or  pressures 
from  the  drivers.  Mr.  Barnes's  conclusion  (b)  would  seem  to 
sustain  this  view,  but  I  do  not  agree  that  the  danger-point  is 
reached  at  65  miles  per  hour  for  engines  having  wheels  less  than 
6  feet  Cthat  is,  say,  60  inches  diameter),  and  the  form  of  cross-head, 
piston,  and  front  end  of  main  rod  now  in  general  use  on  some  of 
our  American  railroads.  I  will  illustrate  this  by  giving  the  cen- 
trifugal force  of  the  excess  balance  in  our  6-wheel  connected 
lieavy  express  engines,  Class  H,  and  our  4-wheel  connected  express 
engines,  Class  M,  each  having  69-inch  drivers.  In  the  case  of 
6.wheel  connected  engine  the  §  of  the  weight  of  the  reciprocating 
parts  is   divided    by   3   for   one   side,   making  f  in  each  wheel. 
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This,  with  a  19-inch  piston  and  a  cross-head  Aveighing  250  pounds, 
amounts  to  only  160  pounds  at  crank-pin  centre  for  one  wheel, 
and  the  centrifugal  force  at  70  miles  per  hour  is  6,373  pounds,  and 
at  80  miles  per  hour  it  is  8,323  pounds.  The  speed  at  which  the 
centrifugal  force  of  this  excess  weight  equals  the  static  weight  on 
drivers  is  114  miles  per  hour.  For  the  M  engine,  4- wheel  con- 
nected, tlie  excess  weight  in  each  wheel  is  225  pounds.  The 
centrifugal  force  of  this  weight  at  80  miles  per  hour  is  11,700 
pounds,  and  the  speed  required  to  make  it  equal  to  the  static 
weight  on  driver,  16,500  pounds,  is  95  miles  per  hour.  Coming 
now  to  Mr.  Barnes's  conclusion  (A),  we  must  infer  that  it  is 
prudent,  and  may  be  considered  good  practice,  to  run  these  engines 
at  the  speeds  mentioned,  and  that  damage  to  rails  would  not 
occur,  because,  at  the  speed  of  114  miles  for  the  H,  and  95  miles 
for  the  M  engines,  the  centrifugal  force  of  the  excess  balance  does 
not  exceed  the  static  pressure  of  the  wheel  upon  the  rail.  These 
are  my  reasons  for  believing  that  the  excess  balance  in  well- 
designed  American  locomotives  is  not  too  great,  and  that  they  may 
be  run  safely,  so  far  as  damage  to  track  is  concerned,  and  at 
speeds  of  about  100  miles  per  hour. 

In  conclusion  {/)  Mr.  Barnes  states :  "  There  appears  to  be 
no  way  of  determining  what  the  impact  pressure  is."  "  About  all 
that  is  known  is  that  it  is  suflBcient  at  times  to  kink  a  70-pound 
rail,  when  engines  with  small  wheels  and  improper  counter- 
balance run  at  high  speed."  There  is  no  evidence  presented,  and 
I  do  not  believe  that  any  can  be  found  in  practice,  to  prove  that 
an  express  locomotive,  designed  according  to  the  best  American 
practice,  and  balanced  according  to  the  rule  given,  has  ever 
damaged  the  rails  at  any  speeds  thus  far  obtained.  Further,  there 
is  no  way  of  showinc:,  bv  mathematics,  that  under  the  condition 
named  any  such  damage  would  occur. 

My  own  opinion  of  the  whole  question  is  that  on  nearly  every 
road  there  is  some  bad  practice  which  is  irregular,  and  that  in 
everv  case  where  70-pound  rails  have  been  kinked,  it  has  been  due 
either  to 

(1)  Small  wheels  running  at  excessive  speeds. 

(2)  Abnormal  balancing,  permanently,  by  the  use  of  too  large 
a  proportion  of  the  reciprocating  weight,  or,  temporarily,  by  the 
removal  of  the  rods. 

(3)  The  use  of  reciprocating  parts  entirely  too  heavy,  and 
heavier  than  present  good  practice. 
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(4)  A  combination  of  the  above. 

Such  cases,  which  cannot  be  called  good  practice,  have  resulted 
in  a  o-eneral  attack  upon  present  locomotive  design,  and  a  demand 
for  radical  changes  in  the  arrangement  of  the  reciprocating  parts 
of  the  engines.  The  advocates  of  such  changes  have,  so  far  as  I 
can  see,  no  good  reasons  for  them,  and  they  will  find  nothing  in 
!Mr.  Barnes's  paper  to  sustain  any  arguments  they  may  present. 

Prof.  TT.  F.  J/.  Goss. — Those  who  have  given  attention  to 
the  counterbalance  problem,  or  have  had  occasion  to  study  the 
stresses  set  up  in  locomotive  frames  by  the  action  of  the  moving 
parts,  will  find  a  source  of  new  interest  in  Mr.  Barnes's  complete 
and  ingenious  analysis;  an  especially  significant  feature  is  the 
diagram  representing  the  path  of  the  centre  of  gravity  of  a  drive- 
wheel  under  the  assumed  conditions  stated.  This  curve  in  this 
diagram  shows  that  the  vertical  motion  of  the  wheel  is  not  the 
same  during  successive  revolutions,  but  that  there  is  a  multiplica- 
tion of  effect  extending  through  a  series  of  revolutions  ;  a  con- 
clusion which  is  quite  in  harmony  with  the  results  given  by  the 
Purdue  experiments,  to  which  reference  has  been  made,  and  which 
are  described  at  length  in  another  paper. 

J//'.  Parsons. — I  want  to  make  a  few  remarks  on  the  papers  of 
Mr.  Barnes  and  of  Professor  Goss.  Taking  Professor  Goss's  fig- 
ures, that  400  pounds  is  the  unbalanced  weight  at  1  foot  radius 


16,600 


Fig.  118. 

in  one  rear  wheel,  and  assuming  300  revolutions  per  minute,  I 
have  drawn  a  curve  to  show  the  vertical  unbalanced  forces  for 
one  rear  wheel  (Fig.  118). 

These  forces  are  shown  by  the  solid  line,  and  the  curve  would 
be  that  for  the  rear  right-hand  wheel.     It  represer.ts  the  vertical 
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components  of  the  forces,  and  is  a  curve  of  sines.  Ts'ow,  on  top  of 
tliis  draw  another  curve  of  sines,  set  backward  throuo^h  90  de- 
grees,  shown  dotted.  It,  of  course,  will  be  the  curve  for  the 
wheel  on  the  left-hand  side.  Xow,  the  engine  weighed  28,000 
pounds  on  one  set  of  drivers,  so  that  28,000  pounds  was  acting 
downward  on  one  axle  at  the  centre.  ]S"ow,  the  vertical  ordinates 
above  the  horizontal  line  represent  the  forces  due  to  the  unbal- 
anced parts  upward  against  the  springs,  and  the  ordinates  down- 
ward represent  the  forces  downward  against  the  track,  which,  of 
course,  in  this  case  are  against  the  supporting  wheel.  The  figures, 
measured  graphically,  give  a  maximum  lifting  force  of  12,260 
pounds  for  each  wheel.  That  force  has  a  lever  arm  of  the  full 
length  of  the  axle,  while  the  weight  has  only  a  lever  arm  half  the 
length  of  the  axle.  Thus,  the  unbalanced  force  in  one  wheel 
would  nearly  lift  the  wheel  from  the  track.  This  result  is  illus- 
trated in  Professor  Goss's  diagrams,  as  you  will  see  on  page  313  of 
his  paper,  where,  for  315.8  revolutions,  the  wheel  on  the  right  side 
nearly  left  the  track.  It  just  came  up  to  the  top  of  the  wire,  and 
fell.  Also,  at  310  revolutions  the  rear  wheel  on  the  right  side  of 
the  engine  did  not  quite  rise  to  the  top  of  the  wire.  But  one 
wheel  is  operating  at  the  same  time  as  the  other  wheel,  so  that 
the  forces  due  to  the  unbalanced  weights  are  acting  simultaneously 
in  each  wheel.  In  other  words,  the  dash  and  dotted  curve  is  the 
resultant  of  the  other  two.  This  resultant  force  has  a  maximum 
upward  of  about  16,600  pounds.  You  will  notice  that  the  maxi- 
mum upward  takes  place  just  after  the  counterweight  in  the 
right-hand  wheel  has  passed  the  centre  and  just  before  the  weight 
of  the  left-hand  wheel  has  reached  the  centre.  This  result  is  illus- 
trated in  the  experiment  with  the  wires.  AYhen  the  counterbal- 
ance has  just  passed  the  centre  on  the  right-hand  Avheel,  the  left- 
hand  wheel  leaves  the  track.  The  maximum  effect  on  one  wheel 
has  taken  place  and  is  decreasing,  and  the  effect  on  the  opposite 
Avheel  is  increasino^.  It  is  also  interestino^  to  note  that  while  the 
upward  maximum  pressure  is  not  sufficient  to  lift  the  wheel  from 
the  rail  at  the  speed  assumed,  the  left-hand  wheel  does  actually 
lift  clear  of  the  rail,  while  the  right-hand  wheel  on  the  other  side 
does  not.  That  is  shown  in  the  paper  on  page  314,  where  the 
rear  driver  on  the  ri^ht  side  did  not  leave,  while  the  one  on  the 
left  side  did,  when  runninfj  at  310.5  revolutions.  Of  course,  these 
forces,  acting  intermittently  on  opposite  sides,  Avill  produce  a  vibra- 
tion of  the  engine  body.     When  that  engine  body  motion  syn- 
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chronizcs  with  the  forces  developed  in  the  drivers,  the  effect 
should  be  iiiaximuiii,  and  there  is  no  doubt  that  such  is  the  case. 
These  calculations  are,  of  course,  theoretical ;  but  the  engine  was 
also  running  on  a  theoretical  track.  The  calculations  appear  to 
ao-ree  perfectly  with  the  experiments  made  with  the  wires.  It 
would  be  interesting,  however,  if  possible,  to  measure  the  vertical 
oscillation  of  the  engine  itself  on  both  sides  at  the  same  time  that 
the  wires  are  passing  under  the  wheels.  It  could  probably  be 
shown  that  the  eifect  was  a  maximum,  due  to  the  oscillations 
produced  by  the  upward  and  downward  forces  of  the  unbalanced 
weights  at  the  same  time  when  the  wire  passed  under  the  wheel 
without  being  crushed.  I  do  not  know  whether  the  engine  is  so 
arranged  that  such  a  measurement  could  be  made,  but  if  it  could 
I  think  it  would  be  very  interesting.  In  actual  practice  on  a 
track  there  are,  of  course,  a  great  many  independent  forces  which 
tend  to  lift  the  wheels,  which  forces  are  not  found,  perhaps, 
under  the  more  perfect  conditions  that  exist  with  the  experimental 
enorine  at  Purdue  Universitv. 

Xow,  I  suggest  that  the  reason  for  these  results  is  probably 
that  when  the  weight  of  the  right-hand  w4ieel  has  just  passed  the 
centre  it  has  practically  struck  a  blow  against  the  springs  of  the 
engine.  This  action  has  ceased  before  the  weio^ht  in  the  left-hand 
driver  has  reached  its  maximum  force  and  the  springs  of  the 
right  side  are  beginning  to  recover.  As  the  maximum  upward 
force  in  the  left-hand  wheel  is  approached,  the  effect  is  greater 
than  for  the  right-hand  wheel,  since  the  engine  body  is  following 
the  right-hand  spring,  that  is  now  being  released,  and  in  conse- 
quence the  left-hand  wheel  will  lift  from  the  track  at  speeds  too 
slow  to  lift  the  ri^ht-hand  w^heel.  The  ri^rht-hand  side  of  the 
engine  is  supposed  to  lead  by  a  quarter  revolution. 

J//-.  Barr. — I  would  like  to  ask  the  last  speaker  if  that  1G,G00 
{Kjunds  is  not  the  resultant  on  the  axle?  It  seems  to  me  that 
neither  wheel  could  be  lifted  unless  the  resultant  was  at  least  14,- 
000  pounds.     Is  not  that  16,600  pounds  the  resultant  on  the  axle? 

J//'.  Parsrms. — It  is  the  resultant  on  the  axle,  and  is  not  suffi- 
cient in  itself  to  lift  the  engine.  But  the  experiments  show  that 
the  engine  leaves  the  track  on  the  left-hand  side  at  about  300 
revolutions,  while  on  the  right-hand  side  it  does  not.  I  merely 
offer  as  a  suggestion  that  this  result  is  probably  due  to  the  effect 
of  the  upward  force  in  the  riii-ht-hand  wheel  which  has  not 
ceased  before  the  force  in  the  left-hand  wheel  begins. 
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Mr.  Barr.—My  point  is  that  14,000  pounds  upward  on  either 
wheel  would  just  lift  that  wheel  from  tiie  track ;  14,000  pounds 
on  both  wheels  would  lift  both  wheels  from  the  track.  If  the 
upward  force  was  less  than  14,000  pounds,  neither  wheel  would 
leave  the  track. 

Mr.  Parsons. — That  is  so.  The  experiments  do  not  show  that 
the  right-hand  wheel,  at  the  speeds  about  which  we  are  talking, 
left  the  track.  My  results  are  based  on  300  revolutions.  At 
310.5  it  did  not  leave  the  track,  but  at  310  revolutions  the  left- 
hand  wheel  did  leave  the  track. 

3Ir.  Barr. — What  was  the  upward  force  on  that  wheel  at  that 
speed,  do  you  know  ? 

Mr.  Parsons. — Xo  ;  I  did  not  calculate  for  310.5  revolutions; 
but  it  must  be  a  little  greater  than  that  for  300  revolutions. 

Mr.  Barr. — That  16,600  resultant  would  not  lift  either  wheel  ? 

Mr.  Parsons. — Xo ;  not  as  a  resultant  force,  and  I  do  not  pro- 
pose to  say  that  it  should.  I  did  not  purpose  to  state  that  it  does 
lift  that  driving-wheel.  But  I  do  state  this,  that  probably  the 
effect  of  the  upward  force  in  the  right-hand  wheel,  combined  with 
its  springs,  is  not  over  before  the  left-hand  one  commences,  and 
that  the  upward  force  has  struck  the  springs,  if  I  may  be  allowed 
that  expression,  on  the  right-hand  side,  and  has  perhaps  reduced 
the  apparent  weight  on  the  left-hand  side  by  the  time  that  the 
left-hand  weight  has  reached  its  maximum,  so  that  the  left-hand 
wheel  may  leave  the  track  under  an  upward  force  too  small  to 
lift  it  when  at  rest.  The  left-hand  wheel,  in  Professor  Goss's 
experiments,  does  leave  the  track  at  speeds  when  the  right-hand 
wheel  does  not.  I  assume,  however,  that  the  right-hand  wheel 
is  the  leading  wheel. 

Mr.  Kent. — It  seems  inconceivable  to  me  how  a  lifting  force  on 
one  wheel  can  be  transmitted  across  the  axle  and  applied  to  the 
other  wheel,  which  acts  as  a  fulcrum.  I  can  understand  that  the 
two  liftino:  forces  can  be  added  too:ether  in  their  action — the  two 
wheels  together,  or  on  the  axle.  But  how  any  lifting  force  on 
one  wheel  can  be  converted  into  a  lifting  force  on  the  other  wheel 
I  cannot  see. 

Mr.  Parsons. — Mr.  Kent  does  not  follow  me.  The  lifting  force 
on  the  right-hand  side  strikes  the  springs,  and  the  springs  for  an 
instant  are  compressed.  There  is  a  vibration  set  up  in  the  engine 
body,  and  the  effect  is  transferred  to  the  opposite  journal.  It 
then  reverses  itself,  perhaps,  and  comes  back  on  the  first  journal. 
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SO  as  to  relieve  for  an  instant  the  axle  pressure  on  the  journal  on 
the  left-liand  side.  At  the  same  instant  the  counterpoise  on  the 
left-hand  side  is  increasing  towards  its  maximum  upward  force. 
The  maximum  effect  is  reached  when  the  two  combined  show  a 
maxinumi.  Then,  Professor  Goss's  experiments  prove  that  the 
left-hand  wheel  leaves  the  track.  I  merely  offer  the  above  as  a 
suggestion  which  may  account  for  the  agreement  of  the  experi- 
ments with  the  curves  as  laid  down,  and  as  a  reason  why  the  left- 
hand  wheel  leaves  the  track  at  speeds  too  slow  to  lift  the  right- 
band  one. 

Mr.  Barr. — It  seems  to  me  that  if  the  last  explanation,  which 
seems  a  plausible  one,  is  the  true  reason  for  this  observed  fact, 
it  is  due  more  to  a  roll  in  the  mass  of  the  engine,  and  this  is 
a  question  of  strength  of  spring  and  mass  rather  than  of  combin- 
ing these  diagrams.  It  may  coincide  with  that  maximum  point 
or  it  may  not. 

Ml .  Parsons, — Mi*.  Goss  says  :  "  The  first  to  be  noticed  is  the 
rocking  of  the  engine  upon  its  springs,  which  motion  tends  to 
vary  the  pressure  of  the  wheel  upon  the  track,  independently  of 
the  action  of  the  counterbalance."  Now,  if  there  was  no  blow 
struck  upon  the  springs,  the  engine  body  would  stay  perfectly 
still,  on  account  of  the  manner  in  which  it  is  erected.  He  says 
it  does  rock.  What  makes  it  rock  ?  It  is  the  upward  and  down- 
ward *'  blows"  which  are  struck  by  the  unbalanced  counterpoises. 
Assuming  300  revolutions,  this  is  the  result  on  the  blackboard, 
and  it  agrees  exactly  with  the  diagrams  which  Professor  Goss 
gives  of  the  result  of  actual  experinients,  made  by  passing  the 
wires  under  the  wheels  ;  and  the  point  at  which  the  maximum 
effect  takes  place  is  coincident  with  that  shown  on  the  blackboard. 

Mr.  Barnes  states  in  his  paper  that  the  flat  spots  in  the  tires 
of  fast-moving  engines  "  will  generally  be  found  following  the 
crank,  that  is,  at  a  point  where  the  tire  touches  the  rail  when  the 
crank  has  passed  the  90  degree  point  or  lower  quarter,  the  engine 
running  ahead."  That  is  a  point  on  the  tire  when  the  counter- 
poise has  just  passed  the  top  centre. 

Mr.  (ffo.  11.  Henderson, — Might  I  just  call  attention  to  the  fact 
lliat  the  diagram  shows  wiiat  we  all  know  ^qv^  ^^^^^ — the  I'eason 
why  the  slid  places,  or  places  worn  most  on  the  tire,  are  about 
^  of  a  revolution  from  the  crank,  because  at  that  point  we  get 
the  maximum  lifting  force  on  both  wheels,  and  any  slif)ping 
would  occur  at  45  degrees  past  the  zero  point,  where  both  the 
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forces  would  sum  up  the  greatest  total.  It  is  a  matter  well 
known  to  us  all,  but  it  is  shown  up  very  niceJ}^  in  that  diagram. 
Mr.  Geo.  S.  Morison. — I  have  not  much  to  say,  but  I  want  to 
ask  if  an  admission  in  Mr.  Barnes's  paper  is  a  proper  admission 
for  an  engineer  to  make.  On  page  288,  under  the  head  of  /,  Mr. 
Barnes  makes  the  statement,  which  I  think  is  undoubted! v  true, 
that  the  impressed  load  due  to  the  excess  balance  is  often  double 
the  static  load,  and  the  pressure  at  the  point  of  impact  when  the 
wheel  lifts  from  the  rail  and  drops  is  even  greater.  On  the  same 
page,  in  the  3d  line,  he  says  that  the  only  practical  way  in 
which  the  excess  balance  can  be  reduced  is  by  reducing  the 
weights  of  the  reciprocating  parts.  In  other  words,  he  implies 
that  there  is  no  possible  way  of  correcting  this  trouble;  that  it  is 
impossible  to  have  a  locomotive  that  will  run  at  high  speeds  with- 
out an  extreme  variation  in  the  weights  on  the  track.  It  can  be 
reduced,  he  says,  but  it  cannot  be  eliminated.  If  it  is  reduced,  we 
have  only  to  increase  the  speed  of  the  engine  and  the  speed  of  the 
train,  which  I  fear  we  shall  soon  do,  to  make  up  for  all  the  reduc- 
tion, and  be  just  as  badly  off  as  we  are  now.  Xow,  I  do  not  think 
it  is  to  be  admitted  for  a  moment  that  an  engine  cannot  be  built 
which  will  obviate  this  difficulty  and  not  only  reduce  it ;  it  is  a 
possible  thing  to  design  an  engine  which  will  balance  itself.  I  do 
not  know  that  much  sliould  be  said  about  a  machine  that  has  not 
vet  been  built,  but  Mr.  Strono^  has  desio:ned  an  eno-ine  which 
meets  this  difficulty  from  an  entirely  different  point  of  view  from 
Mr.  Barnes's  conclusions,  and  which,  I  believe,  w411  accomplish  its 
object  successfully.  The  main  point  is  that  we  have  before  us 
conditions  on  the  rails,  shown  in  Mr.  Barnes's  paper  and  by  a 
great  deal  of  other  literature  to  be  as  complicated  conditions  as 
we  can  imagine,  and  full  of  disturbances.  It  is  a  very  fortunate 
thing  that,  in  the  last  two  or  three  years,  these  disturbances  have 
been  written  about  and  investigated.  We  are  coming  to  the  same 
conclusion  about  running  a  locomotive  over  a  railroad  that  some 
people  find  the  human  body  to  be  in  ;  when  we  examine  it  we 
wonder  that  a  man  can  live,  and  we  wonder  that  a  train  can  stay 
on  the  track.  I  am  unwilling,  for  one,  to  accept  the  conclusions 
of  Mr.  Barnes.  I  think  the  study  of  locomotive  design  should  be 
based  on  eliminating  these  disturbances,  which  can  be  done,  not 
merely  on  reducing  them  ;  it  can  be  done  by  the  simple  process  of 
balancing  the  parts  that  revolve  by  parts  that  revolve,  and  by 
balancing  those  which  do  not  revolve  by  parts  which  do  not  re- 
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volve.     There  is  no  other  way  of  reaching  a  result  which  will  be 
siitisfactory  for  all  speeds  and  all  conditions. 

Mr.  Geo.  S.  Strong. — I  would  like  to  mention  one  point  w^hich 
Mr.  Barnes  makes  in  his  paper.     His  method  of  overcoming  the 
ditiicultv,  so  far  as  it  can  be  overcome  in  this  way,  is  by  reducing 
the  reciprocating  parts  in  weight,  and  by  large  driving  wheels. 
According  to  his  statement  he  can  only  reduce  the  reciprocating 
weio-hts  about  40  per  cent.     Xow,  we  know  there  are  a  great 
manv  compound  locomotives  which  have  been  built  the  last  two  or 
three  years  that  have  pistons  and  reciprocating  weights  on  one 
side  of  an  engine  that  weigh  a  ton  ;  instead  of  weighing  250  or 
300  pounds,  as  he  gives,  they  weigh  over  2,000.     The  tendency  is 
toward  compounding,  and  when  we  get  these  excessive  weights 
and  attempt  to  balance  them  in  the  wheels  we  get  into  this  trouble 
worse  and  worse.     Take  the  case  I  spoke  of  the  other  evening, 
where  a  Baldwin  engine  had  left  the  track  after  spoiling  three 
miles  of  T6-pound  rails.     Afterwards  that  engine  was  found  to 
have  only  80  pounds  more  counterweight  than  the  usual  practice 
for  Baldwin  locomotives  to  put  into  that  size  wheel.     Only  80 
pounds  did  the  damage.     Now  we  will  find  a  great  many  loco- 
motive builders  to-day  that  are  counterbalancing  their  engines 
fully  up  to  the  amount  of  the  reciprocating  weight,  simply  to  get 
smooth-running  engines  that  wont  jig  the  train.     Regarding  the 
large-wheel  question,  we  all  know  what  the  locomotive  is  called 
on  to  do  to-day,  and  that  is  to  take  a  heavy  train  and  make  a 
fast  schedule  over  an  undulating  road.     It  must  develop  a  very 
large  horse-power.     It  must  develop  1,500  horse-power  to  take 
a  12-car    train    and   make  60   miles   an    hour   with    it.      To   do 
that  it  nmst  have  a  high  piston  speed.     Now  there  is  not  any 
reason  why  an  engine  cannot  be  so  balanced  as  to  eliminate  this 
<litficulty  entirely,  and  then  a  5-foot  wheel  is  better  for  the  aver- 
age American  road  for  these  heavy  trains  than  a  7-foot  wheel  is. 
We  all  know  that  the  fastest  schedules  made  to-day  in  this  country 
are  on  local  trains.     They  are  not  on  the  through  trains,  that  do 
not  make  any  stops,  but  on  local  trains,  where  you  have  to  stop 
every  mile  or  every  few  miles,  and   then  put  an  engine  up  to  70 
miles  an  hour  to  make  the  schedule.     I  have  pulled  such  trains  on 
the  Pennsylvania  road,  wlu^re  they  make  33  stops  in  33  miles  and 
make  that  distaticf.'  in  a  little  over  an  hour.     These  trains  go  up 
to  70  miles  an  houi'  every  opportunity  they  have  between  those 
places  to  make  that  schedule.    Then  you  take  it  on  an  undulating 
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road,  such  as  the  road  is  between  Philadelphia  and  Baltimore,  on 
the  Baltimore  and  Ohio — there  is  a  succession  of  hills.  If  vou  o^et 
on  a  locomotive  and  ride  over  that  road  you  will  see  what  kind  of 
a  road  it  is.  It  is  simply  up  and  down  all  the  time.  There  is  a 
bridge  at  the  foot  of  every  grade.  You  take  a  big  wheel  and  a 
heavy  train,  that  train  will  sag  every  time  you  strike  a  grade. 
The  fellow  simply  takes  his  brake  off  and  lets  the  train  go  full 
tilt  down  the  hiU.  As  Mr.  Fritz  said  to  me  a  few  years  ago  in 
regard  to  engines  for  the  Lehigh  Valley  Road :  "The  ideal  loco- 
motiv^e  is  the  one  that  will  make  a  maximum  speed  up  hill  as  well 
as  down."  The  Lehigh  Valley  had  a  speed  of  35  miles  an  hour 
up  those  mountains,  and  they  would  not  allow  the  engineer  to  run 
down  the  mountain  faster  than  he  would  run  up  the  mountain. 
That  is  good  railroading.  The  question  is  one  of  very  great  im- 
portance. The  question  of  the  cost  of  the  locomotive  is  not  any- 
thing when  3'ou  come  to  consider  all  these  other  questions.  You 
have  been  discussing  the  axle — what  breaks  axles?  Simply,  bad 
tracks.  What  causes  excess  of  wear  of  the  locomotive?  What 
makes  the  average  repairs  of  a  locomotive  cost  from  three  to  five 
cents  a  mile?  It  is  simply  the  vibration  in  the  engine  due  to  the 
knocks  that  the  engine  gets  on  the  track,  and  unbalanced  parts. 

The  Chainnan. — We  have  heard  Mr.  Strono^'s  new  desiofn  of 
engine  spoken  of  several  times.  I  would  like  to  ask  Mr.  Strong 
whether  he  has  his  plans  far  enough  advanced  to  enable  him  to 
give  us  a  general  idea  of  what  his  engine  is  to  be  ? 

2£r.  Strong. — I  would  say  that  I  have  had  this  matter  under 
consideration  for  somethino:  like  twelve  vears,  and  I  started  out 
orio^inallv  with  balancinof  with  a  beam,  and  mv  idea  at  that  time 
was  to  make  the  centre  of  the  beam  between  the  two  drivers, 
having  this  beam  coupled  to  the  cross-heads.  I  afterwards 
desio^ned  another  eno:ine  in  which  I  had  the  beam  farther  forward. 
!Now  I  very  soon  gave  up  that  idea,  from  the  fact  that  it  is  a 
fundamental  principle  in  any  machine  where  you  have  so  many 
revolutions  and  so  manj^  changes  of  direction  of  these  parts,  you 
cannot  afford  to  have  a  beam,  and  add  to  the  weight  of  your 
reciprocating  parts.  In  fact,  the  beam  centre,  although  it  might 
be  ten  inches  in  diameter,  would  wear  very  rapidly,  and  a  beam  in 
that  place  for  a  very  high  speed  is  not  practicable.  I  gave  that 
up,  and  devised  the  scheme  of  Figs.  119  to  121. 

In  this  case  we  have  a  4-cylinder  engine.  The  high-pressure 
cylinder  is  inside,  coupled   to  the  crank  axle,  9  inches  in  diam- 
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Fig.  119. 
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Fig.  130. 


eter,  and  made  out  of  nickeled  steel,  oil-tempered.  The  axle  is 
so  much  in  excess  of  the  strength  of  any  ordinary  straight  axle 
that  tlie  factor  of  safety  is  very  much  larger  than  used  in  any 
ordinary  machine  of  the  same  power.  Then  the  distance  between 
tlie  two  centres  is  as  chjse  as  we  can  make  it,  and  not  large 
enough  to  cause  any  great  disturbance  in  transmitting  that  force 
around  which  would  tend  to  revolve  around  this  centre,  of 
course.  Then  I  make  a  low-pressure  piston,  24  inches  in  diam- 
eter, made  out  of  /^  steel  plate,  having  the  piston-rod  itself 
made  out  of  nickeled  steel  and  chambered  out  the  full  length. 
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The  piston-rod  is  only  ^  inch  thick.  The  piston  itself  is  only  |-  inch 
thick.  The  working  surface  is  a  cast-iron  surface.  The  plates 
that  form  the  piston  are  riveted  on  to  the  head,  which  is  cham- 
bered out,  inaking  the  piston-rods  just  as  light  as  we  can  make 
them.  Then  we  make  this  piston  heavier,  but  in  the  same  way  to 
correspond  in  weight  with  that  piston,  so  that  our  reciprocating 
weights  are  exactly  the  same  on  the  two  cranks  that  are  directly 
opposite.  That  enables  us  to  reduce  the  amount  of  revolving 
weights  very  much.  In  fact,  we  have  no  reciprocating  weights  to 
balance  in  the  wheel,  and  we  balance  this  crank  and  these  revolv- 
ing parts  at  the  same  distance  from  the  centre  of  the  driver  that 
these  revolving  parts  are,  so  that  we  do  not  pretend  on  this  axle 
to  take  care  of  the  vibration  due  to  these  parts,  or  make  the  two 
cranks  balance  one  another.  One  crank  is  90  deg^rees  from 
the  other,  and  the  others  180  degrees  from  the  first  ones,  so 
that  these  two  pistons,  being  about  17  inches  in  diameter,  are 
large  enough  to  slip  the  drivers.  They  do  not  require  any  start- 
ing valves.  In  fact,  we  start  just  the  same  as  an  ordinary  engine 
would  start,  and  as  quick  as  it  could.  For  a  part  of  the  revo- 
lution the  low-pressure  piston  will  help  us,  so  that  the  engine 
never  works  high-pressure  but  always  compound.  The  cost,  of 
course,  of  these  parts,  until  we  have  special  facilities  for  making 
them,  will  add  something  to  the  cost  of  the  engine,  and  we  expect 
to  reduce  the  wear,  and  to  reduce  repairs  enough  so  that  the  inter- 
est on  the  investment  will  be  more  than  saved  by  reduced  repairs. 

The  Chairman. — Will  you  be  kind  enough  to  state  how  you 
start  that  startino-.o^ear,  and  o^et  the  full  benefit  of  startino^ 
moment  ? 

Mr.  Strong. — We  have  our  two  high-pressure  pistons  on  the 
crank  at  90  degrees  from  one  another,  and  they  are  large  enough 
diameter  to  slip  the  wheels. 

The  Chairman. — You  can  start  with  a  high-pressure  piston 
without  any  aid  from  the  low-pressure  at  all  ? 

M7\  Strong. — Yes.  I  should  be  very  much  pleased  a  little  later 
to  give  the  Society  full  data  in  regard  to  tests  we  are  going  to 
make  in  a  short  time.  We  would  like  very  much  to  test  it  on 
Professor  Goss's  testing  machine,  and  give  you  the  results  of 
those  tests. 

Prof.  IT.  F.  M.  Goss.^ — It  has  been  said  in   the  course  of  the 


*  Author's  closure  to  discussion  on  paper  No.  6"25,  under  the  Rales. 
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discussion,  that  the  practical  value  of  my  paper  is  limited  b}^  the 
fact  that  the  wheels  experimented  upon  were  very  much  over- 
bahinced.  It  is,  indeed,  shown  by  the  paper  that  the  balance 
carried  bv  two  of  the  wheels  was  more  than  50  per  cent,  in  excess 
of  that  allowed  by  the  average  of  five  different  rules,  but  it  is 
also  shown  that  practice  cannot  always  conform  to  the  rule. 
The  rule  may  require  80  per  cent,  of  the  reciprocating  parts  to  be 
balanced,  but  to  secure  a  smooth  riding  engine,  the  rule  is  vio- 
lated, and  95  per  cent,  or  even  100  per  cent,  of  the  reciprocating 
parts  are  balanced.  The  rule  also  provides  for  an  equal  distribu- 
tion of  the  balance  for  reciprocating  parts,  among  the  several 
coupled  wheels,  but  practice  makes  use  of  an  unequal  distribu- 
tion. That  is,  when  a  result  is  desired  which  cannot  be  had  by 
an  adherence  to  the  rules,  the  rules  are  departed  from.  As  a 
matter  of  fact,  thei'efore,  one  is  not  required  to  look  long  on  the 
road  to  find  wheels  carrying  a  balance  as  heavy  as  that  carried 
by  the  rear  wheels  of  the  Purdue  locomotive. 

But  even  if  w^e  assume  that  there  is  no  violation  of  rule,  the 
conditions  of  the  experiments  do  not  fail  to  meet  the  case.  The 
first  results  presented  are  those  which  were  obtained  from  a 
wheel  (forward  w^heel)  balanced  quite  in  accord  with  the  rule, 
and  the  first  formal  conclusion  noted  is  that  "  wheels  balanced 
according  to  usual  rules  .  .  .  are  not  likely  to  leave  the 
track  through  the  action  of  the  counterbalance.     .     .     .  " 

Mr.  David  L.  Barnes."^ — Mr.  Forney  thinks  that  the  inertia  of 
the  driving  wheel  and  the  parts  below  the  spring  must  be  over- 
come before  the  wheel  can  lift  from  the  rail ;  the  fact  is,  that  these 
parts  get  into  oscillation  between  the  spring  of  the  rail  and  the 
driving  spring,  and  may  lift  from  the  rail  by  reason  of  an  increase 
in  amplitude  of  oscillation  before  the  centrifugal  force  is  sufficient 
U)  lift  the  wheel  of  itself.  That  is  to  say,  the  wheel  may  lift 
from  tiie  rail  before  the  centrifugal  force  is  equal  to  the  normal 
weight  of  the  wheel  on  the  rail.  This  I  have  referred  to  in 
Conclusion  {(j). 

Mr.  Forney  says  that  the  Purdue  locomotive  was  overbalanced 
when  compared  with  the  common  rules,  but  to  show  that  this  is 
not  the  case  I  will  refer  him  to  a  report  on  counterbalancing,  pre- 
sented at  tlie  November  meetinir  of  the  Southern  and  Southwest- 
em  Kaiiwjiy  (.'lub,  in  which  are  given  nineteen  rules,  some  of 
which,  if  followed  out  in  the  case  of  the  Purdue  locomotive,  would 
♦  Aulbor'a  clo.-^ure  to  discussion  on  paper  No.  634,  uDcler  ilu;  Rules. 
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give  as  much,  if  not  more,  counterbalance  than  is  now  on  the 
Purdue  engine.  These  rules  are  shown  by  Table  D,  which  is 
taken  from  the   Railroad   Gazette,  January   11,   1895,  page  24. 
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*  Balance  nntil  engine  rides  smoothly  and  use  no  counterbalance  for  freight  engines, 
t  Weight  of  front  end  of  main  rod  when  resting  on  scales. 

Some  of  these  rules  are  used  on  prominent  roads  in  this  coun- 
try. One  of  the  largest  roads  here  balances  some  of  its  locomo- 
tives just  about  as  the  Purdue  engine  is  balanced. 

It  is  not  quite  clear  what  Mr.  Forney  means  by  "  the  superflu- 
ous effect  of  the  action  of  the  counterbalance."  If  Mr.  Forney 
means  all  of  the  effect  of  the  "  excess  balance,"  then  he  is  quite 
right  in  saying  that  it  is  only  the  "  excess  "  which  has  a  tendency 
to  raise  the  wheels  from  the  track.  But  if  this  construction  of 
his  remarks  is  correct,  then  Mr.  Forney  is  wrong  in  saying  "  It 
is  for  this  reason  that  it  is  only  when  the  wheel  is  over-balanced 
that  this  effect  takes  place."     This  appears  from  the  fact  that  all 
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locomotives  of  common  construction  must  have  some  "  excess 
balance"  to  counteract  the  effect  of  reciprocating  parts,  or  they 
would  be  unsafe  to  run,  and  such  engines  are  not  to  be  considered 
as  ''  over-balanced." 

Mr.  P'oiMiey  thinks  that  the  lifting  of  the  wheel  from  the  track, 
exhibited  by  Professor  Goss,  does  not  seem  to  be  "  of  so  much 
importance  as  would  appear  from  the  paper  before  us."  On  the 
contrary,  it  seems  that  the  importance  of  Professor  Goss's  work 
has  impressed  itself  very  strongly  upon  the  minds  of  railroad 
men.  The  single  fact  that  the  engine  is  balanced  like  a  good 
many  others  in  this  country,  and  that  at  60  miles  an  hour  the 
wheel  lifts  from  the  rail,  or  carrying  wheel,  is  enough  of  itself  to 
produce  a  lasting  impression. 

^[r.  Forney's  amusing  examples  to  illumine  his  remarks  are 
proverbial,  and  in  this  case  he  has  made  no  exception.  Perhaps 
the  funny  side  of  what  he  has  said  is  none  the  less  funny  because 
he  happens  to  have  got  the  sledge-hammer,  the  stone,  and  the 
man's  stomach  somewhat  mixed  in  order  in  the  application  to 
this  case.  The  stomach  is  all  right,  for  that  represents  the  rail, 
but  the  rock,  being  the  heavier  body,  is  only  to  be  logically  taken 
as  the  driving  w^heel.  N'ow,  if  the  circus  man  had  put  the  sledge- 
hammer on  his  stomach,  and  if  the  attendant  had  hit  it  with  the 
rock,  lie  would  not  have  had  such  a  comfortable  smile  on  his 
countenance  when  he  rose  to  face  the  audience. 

Professor  Webb  thinks  that  "  Perhaps  undue  attention  is 
attracted  by  the  fact  of  the  wheel  lifting."  But  Professor  Webb 
has  not  shown  that  the  severe  bending  of  the  rails,  which  has 
taken  place  in  practice,  is  caused  by  anything  else  than  the  lifting 
of  the  wheel.  While  it  is  true  that  it  has  been  assumed  that  bent 
rails  have  been  caused  by  wheels  lifting  from  the  track,  and  it 
hits  not  been  proven,  yet  the  evidence  is  so  strong  that  one  can 
almost  believe  that  the  burden  of  proof  is  on  the  "  other  fellow," 
who  holds  that  the  lifting  of  the  wheel  is  unimportant. 

Mr.  (ieorge  Strong  gives  an  example  of  a  locomotive  that  was 
certainly  in  bad  shape,  not  only  before  he  changed  the  balance, 
but  afterwards  as  well,  for  I  have  never  known  but  one  locomo- 
tive to  give  trouble  from  sheared  bolts,  because  of  the  weight  of 
the  counterbalance,  and  that  locomotive  was  a  4-cylinder  com- 
pound, with  the  reciprocating  parts  heavy  enough  for  a  large 
river  steamboat.  T  suspect  that,  in  Mr.  Strong's  case,  there  was 
something  wrong  about  the  compression  line  on  the   indicator 
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card,  and  that  the  slmking  may  have  been  due  to  a  lack  of  com- 
pression to  absorb  the  momentum  of  the  reciprocating  parts 
gradually.  If  I  remember  correct!}^,  his  engine  had  a  pecuhar 
valve  motion. 

Mr.  Strong's  attention  might  be  called  to  the  fact  that  the  re- 
pairs to  a  locomotive  and  their  causes  are,  after  years  of  experi- 
ence, pretty  well  understood,  and  it  would  require  quite  a  stretch 
of  imagination  to  bring  one-third  of  those  repairs  within  limits  of 
the  effect  of  the  counterbalancing.  One-third  of  the  wear  and 
tear  of  a  track  is  a  very  large  amount  to  attribute  to  counter- 
balancing, on  a  road  where  the  mechanical  department  is  doing  its 
duty.  Rail  wear,  low  joints,  Avash-outs,  decayed  ties,  and  a  num- 
ber of  other  important  track  repairs  cannot  be  attributed  to 
counterbalancing.  It  may  be  that  broken  and  bent  rails,  broken 
fish-plates,  and,  to  some  extent,  worn  ties  and  loose  spikes,  are  con- 
siderably increased  b}^  the  effect  of  counterbalancing,  but  are  not 
whoUv  caused  bv  it.  But  all  of  these  last  mentioned  do  not  make 
up  one-third  of  the  wear  and  tear  of  tracks.  It  must  be  remem- 
bered that  for  every  locomotive  driving  wheel  that  goes  over  a 
given  point  in  the  track,  there  are  about  80  car  wheels,  some  of 
which  may  have  bad  flat  spots,  and  if  they  have  it  would  take  a 
pretty  bad  piece  of  counterbalancing  to  give  an  equally  bad  effect. 

The  fact  of  wheels  lifting  from  the  track  has  been  known  for  a 
good  many  years.  Mr.  Charles  Paine,  a  prominent  member  of 
this  Society,  has  told  me  of  a  test  made  a  number  of  years  ago 
when  he  was  on  the  Lake  Shore  road.  In  this  case,  if  I  re- 
member correctly,  the  rails  were  chalked,  and  a  locomotive  with- 
out truck  wheels  was  run  at  high  speed  over  the  rails  with  the 
result  that  there  ^vere  some  points  on  the  track  where  the  chalk 
was  not  disturbed. 

Mr.  Dean  regrets  that  the  mechanical  departments  of  railroads 
are  not  on  a  higher  plane,  but  he  forgets  that  locomotives  are 
almost  always  counterbalanced  by  the  locomotive  builders,  and 
that  the}^  are  primarily  responsible.  This  is  pretty  clearly  shown 
in  the  reports  on  counterbalancing  before  the  Southern  and 
Southwestern  Railway  Club,  to  which  I  have  before  referred. 

In  answer  to  Professor  Lanza's  question  whether  any  one  "  has 
ever  tried  balancing  only  the  vertical,  and  letting  the  horizontal 
go,  and  what  happens  ?  "  it  is  to  be  understood  that  he  means  the 
balancing  of  the  revolving  parts  and  omitting  all  balance  for  the 
reciprocating  parts  ;  this  has  been  tried  in  greater  or  less  degree 
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a  irood  manv  times,  "with  the  uniform  result  that  as  soon  as  the 
onirine  moves  rapidly  the  shaking  is  beyond  endurance. 

Mr.  Strong  is  wrong  in  assuming  that  the  rolling  motion  is 
what  bends  the  rails.  The  time  of  vibration  of  the  rolling  is 
longer  than  the  time  of  revolution  of  the  wheel ;  that  is,  the  rolling 
of  the  engine  is  slow  and  easy  compared  to  the  vertical  oscillation 
of  the  driving  wheel.  It  may  happen  that  the  engine  rolls  down 
on  the  same  side  on  which  the  counterbalance  is  down,  and  may 
slightly  increase  the  tension  of  the  driving  springs  on  that  side, 
but  this  would  be  an  unimportant  increase  compared  with  the 
effect  of  the  counterbalance  itself. 

Professor  AYebb's  illustration  of  the  uneven  track  is  a  very  good 
one,  and  seems  to  meet  the  conditions  exactly. 

This  discussion  has  not  taken  sufficient  notice  of  the  important 
fact  tliat  when  locomotives  are  run  over  the  road  without  rods 
the  condition  is  an  aggravated  one,  and  damage  is  very  likely  to 
result,  even  at  ordinary  speeds.  Some  railroad  men  know  this 
from  practical  experience,  and  have  tried  to  impress  on  the  oper- 
ating departments  the  necessity  for  reducing  the  speed  of  trains 
when  "  dead  "  engines  are  being  hauled. 

Mr.  Parsons  assumes  that,  in  the  case  of  the  Purdue  loco- 
motive, there  is  28,000  pounds  acting  down  at  the  centre  of  the 
axle.  In  fact,  there  are  two  forces,  of  14,000  pounds  each,  acting 
down,  one  on  each  side.  The  centrifugal  force  of  the  counter- 
balance acts  just  outside  of  the  point  where  the  larger  part  of  the 
14,000  pounds  bears,  and  one  of  these  forces  almost  directly  op- 
poses the  other.  So  far  as  the  lifting  of  the  wheel  is  concerned, 
it  is  seen  that  the  centrifugal  force  acts  nearly  directly  opposed  to 
the  weight  of  the  wheel  itself,  and  a  little  outside  of  the  bearing 
point  for  the  main  part  of  the  locomotive,  as  that  rests  on  the 
springs  just  inside  of  the  wheel.  In  this  way  the  centrifugal 
force  has  but  little  leverage  in  its  favor  to  aid  in  lifting  the  wheel. 

The  logic  of  claiming  that  the  effect  of  the  rocking  of  the 
engine  sideways  has  an  important  bearing  on  the  lift  of  the 
drivers  is  not  clear.  The  drivers  revolve  very  rapidly,  and  the  en- 
gine oscillates  with  comparative  slowness,  so  that  the  two  coincide 
only  accidentally.  It  is  true  that  the  pulsating  nature  of  the  cen- 
trifugal force,  in  a  vertical  direction,  does  set  up  a  rolling  motion 
in  the  engine,  but  the  rolling  motion  and  the  pulsations  of  the 
centrifugal  force  do  not  synchronize,  and  the  rolling  of  the  engine 
takes  place  in  its  own  peculiar  time.     It  may  happen  that  the 
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two  motions,  i.e.^  rolling  and  lifting,  will  coincide  for  an  instant. 
At  such  times  the  pressure  on  the  track  is  greater,  or  the  lift  is 
greater,  according  to  Avhether  the  coincidence  is  at  the  upper  or 
lower  point  of  revolution.  Again,  when  these  motions  act  con- 
trariwise the  effect  may  be  reduced.  In  service  the  engine  has 
many  accidental  motions,  which  are  far  more  important  than  the 
rolling,  but  it  is  impossible  to  take  these  into  account  in  any  cal- 
culation so  as  to  determine  the  lift.  They  must  be  allowed  for 
by  that  uncertain  but  valuable  aid  to  the  engineer,  the  "  factor  of 
safety." 

There  is  no  real  difference  between  the  action  of  the  two  sides 
of  the  Purdue  engine  in  the  matter  of  hft ;  the  differences  that 
have  been  found  are  principally  due  to  the  non-duplication  of  the 
succeeding  revolutions,  and  also  to  the  rolling  of  the  engine,  which 
makes  accidental  variations.  Probablv,  if  there  were  enouo^h  of 
the  wires  taken  from  the  wheels,  there  would  be  found  averages 
for  both  sides  that  would  agree. 

AVhat  Professor  Goss  has  clearlv  shown  is  that  the  wheels  do 
lift,  and  the  rear  driv^er  lifts  more  than  the  front  in  his  engine, 
and  further,  that  succeeding  revolutions  do  duplicate  each  other. 
This  paper  of  Professor  Goss's  is  an  example  of  the  sort  of  really 
and  immediately  useful  information  that  we  may  expect  to  get 
from  shop  tests  of  locomotives.  If  the  wire  he  has  showm  had 
been  obtained  from  a  locomotive  in  service  there  would  have  been 
claims  that  the  wheels  lifted  for  reasons  other  than  true  reason. 
As  it  is,  the  uncertainties  have  been  so  far  removed  that  the  true 
reason  stands  out  so  that  all  can  see  it. 

Mr.  Henderson  says  that  it  is  well  known  that  the  worn  places 
on  tires  appear  at  about  one-eighth  of  a  revolution  from  the  crank. 
Probably  he  means  back  of  the  right  crank,  as  at  that  point  there 
is  the  maximum  lifting  tendency  when  the  right  crank  leads. 
We  are  supposed  to  be  looking  at  the  right  side  of  the  engine. 
It  should  be  noticed  that  this  would  bring  the  most  worn  place 
45  degrees  ahead  of  the  left  crank  and  45  degrees  behind  the 
right  crank,  and  not  on  the  same  place  on  both  left  and  right 
wheels.  A  large  number  of  tire  diagrams,  when  carefull3^  ex- 
amined, have  shown  that  the  worn  spots  do  not  appear  as 
claimed,  but,  instead,  are  very  irregular  in  location.  Again,  it 
appears  that  there  is  no  slipping  of  drivers  at  speed ;  I  have  tried 
to  measure  it  a  good  many  times.  In  one  case,  on  a  run  of 
17   miles,  a   round   trip   gave  the  same  number   of   revolutions 
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o-oino-  up  a  grade  with  a  heavy  load  as  returning  without  load. 
If  there  is  any  wear  of  great  amount,  due  to  slipping,  it  must 
tiike  place  when  the  engine  is  starting  up  and  not  when  the  engine 
is  at  speed.  So  far  as  I  can  determine,  the  tires  of  a  locomotive 
wear  more  by  the  pulverization  of  the  material  than  by  slipping. 
If  they  do  wear  by  pulverization,  then  we  should  look  for  the 
least  wear  when  there  is  the  greatest  tendency  to  lift.  This,  it 
appears,  is  the  case  so  far  as  there  is  any  evidence  of  what  the 
wear  is  at  speed.  An  average  of  a  large  number  of  diagrams  of 
tire  wear,  carefully  taken  by  the  Chicago,  Burlington  and  I^orth- 
ern  Railroad,  show  that  the  point  of  maximum  wear  is  so  affected 
by  the  wear  in  starting  up  trains  that  its  location  is  irregular,  and 
cannot  be  connected  with  the  effect  of  counterbalancing,  so  far  as 
I  can  see.  In  considering  the  effect  of  the  lift  on  tire  wear  by 
pulverization  each  wheel  must  be  considered  independently  of  the 
other  wheel  on  the  same  axle. 

If  my  remarks  in  the  paper,  under  conclusion  (c),  are  to  be 
taken  as  Mr.  Morison  says,  then  Mr.  Morison  is  right  and  I  am 
wrong ;  but,  on  the  other  hand,  if  the  language  of  that  conclusion 
is  to  be  followed,  then  I  think  that  I  am  right. 

The  language  of  that  conclusion  is  : 

''(<:)  The  only  practical  way  in  w^hich  the  'excess  balance' 
can  be  reduced  is  by  reducing  the  weight  of  the  reciprocating 
parts." 

I  do  not  think  that  the  w^ords  there  given  imply  that  there  is 
no  way  of  getting  rid  entirely  of  the  "  excess  balance."  It  would 
be  an  error  if  it  did,  for  there  have  been  several  locomotives 
built  with  practically  no  "excess  balance;"  the  Shaw  locomo- 
tive, for  instance.  This  show^s  that  there  is  ^jpossiUe  plan.  The 
difference  between  us  is  evidently  as  to  the  meaning  of  the  word 
"  practical "  as  here  used.  I  am  sure  that  no  one  who  has  the 
care  of  locomotives  would  want  four  cylinders  in  the  place  of  two 
if  it  can  be  avoided.  Four  cylinders  and  no  "  excess  balance," 
on  any  practical  plan  of  construction,  mean  a  double  crank-axle, 
two  extra  sets  of  guides,  two  extra  cross-heads,  main  rods,  and 
steam-valves,  and  at  least  one  extra  set  of  valve  motion  parts,  or 
their  equivalents.  Now,  all  of  this  extra  machinery  WT>uld  be 
used  for  the  purpose  of  doing  away  completely  with  the  "excess 
balance,"  which  is  not  the  end  sought.  What  is  wanted  is  to  get 
rid  of  damngc  from  the  "  excess  balance,"  and  this  can  be  done 
by  reducing  the  weight  of  the  reciprocating  parts,   as  is  now 
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done  in  Europe,  and  has  been  done  for  torpedo-boats  and  other 
engines. 

In  the  face  of  the  fact  that  a  reduction  of  the  reciprocating 
parts  that  will  remove  all  damage  to  the  track  from  the  "excess 
balance  "  can  be  easily  and  inexpensively  made,  I  feel  that  I  am 
justified  in  claiming  that  such  reduction  is  the  simple  and  eco- 
nomical way  of  reaching  the  desired  end,  and  therefore  it  is  the 
only  ''practical"  way.  I  may  have  written  too  much  from  the 
standjDoint  of  those  who  feel  that  simplicit}^  is  the  prime  essential 
of  a  practical  design  of  locomotive,  and  to  that  extent  I  may  be 
prejudiced.  If  so,  then  it  is  because  of  a  knowledge  of  the  trou- 
bles that  arise  on  railroads  when  complication  enters  locomotive 
or  car  design.  When  there  are  but  a  few  engines  complication 
can  be  cared  for.  But  when  strikes,  wrecks,  engineers  who  are 
not  machinists,  scant  shop  space  and  no  surplus  engines,  and,  most 
of  all,  when  a  goodly  number  of  locomotives  in  total,  perhaps 
a  thousand,  have  to  be  cared  for  at  outlying  shops,  the  simple, 
plain,  American  locomotive  becomes  very  attractive,  and  the 
word  ''practical"  has  a  pretty  definite  meaning,  which  cannot 
be  expanded  to  cover  four-cylinder  locomotives  with  double- 
crank  axles  for  general  work.  AVhat  may  be  true  of  special  cases 
hardly  enters  here. 

It  is  claimed  that  as  the  speeds  increase  we  shall  be  as  badly 
off  with  our  lighter  reciprocating  parts  as  we  are  now  with  the 
heavy  ones.  This  would  be  true  if  the  speed  increased  enough, 
and  the  diameter  of  the  drivers  did  not  increase  with  the  speed. 

Let  us  take  an  example,  an  8-wheel  engine,  which  is  the  type 
that  has  the  most  ''  excess  balance  "  per  wheel.  Such  an  engine, 
with  a  20-inch  cylinder,  would  now  have  about  720  pounds  of 
reciprocating  parts.  It  is  found  that  one-third  at  least  can  go 
unbalanced  on  a  heavy  engine,  at  a  speed  of  70  miles  an  hour; 
that  is,  240  pounds  can  be  unbalanced  when  the  drivers  are  5^ 
feet  in  diameter.  If,  now,  the  reciprocating  parts  are  given  the 
proper  design,  the  total  weight  will  not  be  more  than  450  pounds 
— call  it  500  pounds.  Now,  240  pounds  can  remain  unbalanced, 
and  the  balance,  therefore,  need  be  for  only  500  —  240  pounds,  or 
260  pounds,  or  130  pounds  for  each  driver  of  an  8-wheel  engine. 
Suppose  that  it  is  desired  to  run  at  100  miles  an  hour,  and 
surely  that  is  high  enough  when  we  think  of  the  average  track, 
crossings,  and  curves  now  common,  l^o  one  would  put  less  than 
an  8-foot  wheel  under  a  locomotive  for  regular  work  of  that  sort. 
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The  centrifugal  force  of  this  balance,  when  divided  between  the 
two  drivers  on  one  side,  is  5,500  pounds,  a  far  too  small  amount 
to  make  the  condition  dangerous. 

The  bad  condition  of  some  engines  at  the  present  time  is  not 
necessary  ;  it  exists  where  designers  have  been  thoughtless,  or 
whei'e  mistakes  have  been  made  in  the  shop.  This  is  very  well 
shown  by  the  remarks  of  Mr.  William  Forsyth,  of  the  Burlington 
road,  in  the  discussion  of  this  paper. 

Mr.  Morison  differs  from  the  paper  mainly  in  the  standpoint 
from  which  the  matter  is  looked  at.  Mr.  Morison  thinks  that  the 
'^  excess  balance "  should  be  removed,  and  offers  a  new  and 
uncommon  arrangement  of  driving-gear  for  that  purpose.  The 
paper  holds  that  the  "  excess  balance  "  should  be  reduced  as  much 
as  practicable,  and  shows  how  this  can  be  done  with  present 
designs  to  an  extent  that  will  so  nearly  remove  the  detrimental 
effect  on  the  track  as  to  put  the  matter  within  the  limits  of  rea- 
sonable things. 

Mr.  Strong  cites  a  particular  type  of  compound,  and  shows 
truly  how  the  effect  on  the  track  may  be  too  much  after  the 
counterbalance  has  been  reduced  to  the  lowest  possible  point  by 
reducing  the  weight  of  the  reciprocating  parts.  Designs  that 
give  such  conditions  are  not  omitted  from  the  consideration  of  the 
subject  in  the  paper,  but  fall  under  conclusion  (A),  where  it 
reads : 

**  But  it  is  sufficient  to  know  that  for  the  good  of  the  track, 
and  to  prevent  broken  rails,  and  for  the  safety  of  a  train  follow- 
ing a  locomotive,  it  is  not  prudent  to  run  a  driving-wheel  at  a 
speed  where  the  centrifugal  force  of  the  '  excess  balance  '  exceeds 
the  pressure  of  the  wheel  upon  the  rail." 

A  paper  of  this  kind  cannot  take  into  consideration  all  designs 
of  locomotives,  except  in  a  general  way.  If  any  one  is  running 
locomotives  with  such  an  "excess  balance"  as  Mr.  Strong  men- 
tions, it  is  being  done  thoughtlessly  if  the  engines  are  required  to 
make  high  speeds.  There  is  in  the  paper  no  warrant  for  running 
any  such  "  excess  balance." 

Mr.  Strong  tells  us  that  locomotive  repairs  are  made  necessary 
by  the  "  knocks  that  the  engine  gets  on  the  track,  and  the  unbal- 
anced parts  ; "  but  he  does  not  show  us  how  the  use  of  four 
cylinders  and  a  double  crank  will  reduce  the  knocks  from  the 
track,  or  the  cost  of  repairs.  A  close  study  of  the  distribution  of 
the  costs  of  repairs  reveals  the  important  and  pertinent  fact  that 
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most  of  the  cost  is  found  in  keeping  up  those  parts  that  are  not 
at  all  affected  by  the  action  of  the  unbalanced  forces.  Bad  water 
and  every-day  wear  and  tear  are  the  causes  of  a  major  part  of 
the  repair  costs. 

Mr.  Forsyth  does  not  agree  with  conclusion  (5),  which  is  as 
follows  : 

''  The  '  excess  balance '  now  generally  used  for  the  reciprocating 
parts,  and  counteracting  about  two-thirds  of  the  maximum  inertia. 
of  those  parts,  is  too  great  for  speeds  above  sixty-five  miles  an 
hour,  with  drivers  less  than  six  feet  in  diameter,  as  the  track  is 
liable  to  be  damaged  by  the  excessive  rail-pressure  that  it  causes." 

Mr.  Forsvth  shows  clearlv  that  the  eno^ines  on  the  Burlincrton 
that  are  under  his  charge  do  not  endanger  the  track  at  a  speed  of 
65  miles  an  hour.  There  are  a  o:ood  manv  ensfines  on  other 
roads  that  are  equally  safe,  but  also  a  good  many  that  are 
not.  Probablv  Mr.  Forsvth  is  rioht  in  savino^  that  the  writer  has 
set  the  size  of  driver  too  high,  or  the  speed  too  low,  for  the  limits 
of  good  practice,  but  it  is  certainly  on  the  safe  side  ;  and  there 
are  man}^  locomotives  now  running  that  fall  under  the  writer's 
criticism  and  are  not  safe  to  run  at  a  speed  of  65  miles  an 
hour  with  a  6-foot  wheel.  Further  than  this,  there  is  the  every- 
day experience  that  locomotives  run  faster  than  65  miles  when 
they  are  intended  to  run  at  lower  speeds ;  and  still  more  impor- 
tant is  the  fact  that  a  great  many  engines  with  wheels  not  more 
than  4:^  feet  in  diameter  are  run  down  grades  at  65  and  TO 
miles  an  hour.  Some  such  locomotives  have  the  same  or  heavier 
reciprocating  parts  than  those  with  heavier  wheels. 

I  think  that  conclusion  (h)  would  nearer  express  the  practical 
point  that  the  writer  wants  to  bring  out  if  it  should  be  made  to 
read  as  folloAvs,  and  I  have  asked  our  secretary  to  change  that 
conclusion  accordingly : 

"  (b)  The  '  excess  balance  '  now  often  used  for  the  reciprocating 
parts  is  too  great  for  speeds  above  sixty-five  miles  an  hour,  with 
drivers  less  than  six  feet  in  diameter,  as  the  track  is  liable  to  be 
damaged  by  the  excessive  rail-pressure  that  it  causes.'' 

To  show  the  practical  bearing  of  this  conclusion,  the  following- 
table,  from  the  Railroad  Gazette  of  January  11,  1S95,  page  24, 
is  appended.  This  table  was  made  up  from  a  very  interesting 
report  on  the  subject  of  counterbalancing,  made  to  the  Southern 
and  Southwestern  Railway  Club  by  Messrs.  Sanderson,  Pomeroy, 
Gentry,  and  Gibbs. 
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TABLE   C. 
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Stti.ks  of  Cross-Heads.— a,  Webb  style,  two  bar;  B,  four  bar;  C,  two  bar;  D,  Laird,  E, 
Vaiiclain,  four  i)ar  ;  '*  E,"  English  engines. 

N')TEs.  — Materials— Cast  iron,  c.  i.  ;  cast  steel,  c.  s. ;  wrought  iron,  w.  i. ;  fluted  steel,  f.  s.  ;  steel, 
B.;  gun  iron,  g.  i. 

♦•'The  diameters  of  the  wheels  are  not  given,  but  there  is  no  reason  to  suppose  that  the 
weifjhts  of  ihc  reciprocating  parts  given  would  not  be  found  on  locomotives  with  five-foot  drivers, 
and  it  is  not  uncommon  to  run  an  engine  with  five-foot  drivers  at  sixty  miles  an  hour.  Believing 
thetK-  conditions  to  be  pos^ibie  in  mo^t  cases,  and  to  be  actual  in  many  cases,  we  have  added  the 
colimin  A  to  Table  C  to  show  the  centrifugal  forces  of  the  'excess  counterbalances'  used  for 
reciprocating  parts,  when  all  of  the  leciprocating  weight,  including  one-half  of  the  main  rod,  is 
counterbalunced  and  equally  divided  between  two  pairs  of  drivers,  which  is  the  plan  out  lined  in 
BIX  of  the  various  common  rules  given  in  the  report.  Th(!  next  column,  B,  gives  the  centrifugal 
force  when  the  66  per  cent,  of  the  recii)rocating  weight,  including  one-half  the  main  rod,  is 
bilanced,  ns  recommended  by  the  committee  in  Conclusions  2  and  7.  These  rules  were  silected 
from  the  others  because  they  give  the  maximum  cenirifugal  force  that  is  permitted  by  the 
coiirlusions  of  tlie  committee." 

tTl"-)-<-  three  rod^  are  all  same  length  and  for  game  powered  engine. 

It  will  be  seen  from  this  that  some  of  the  common  rules  are 
such  as  to  ^ive  more  rail  pressures  than  are  safe,  and  if  it  wei'e 
necessary  to  balance  such  weights  as  these,  and  to  follow  some  of 
the  rules  in  use  in  this  country,  there  would  be  no  escape  from 
more  than  two  cylinders,  and  the  plans  of  Mr.  Morison  and  Mr. 
Strong  would  find  a  more  extended  field  of  application.  But  it  is 
not  necessary  to  fcjjlow  tli(>s(3  rules,  as  we  have  seen  from  the 
|)a|H'rs  before  this  meeting,  and  therefore  it  should  be  said  tliat 
some  of  the  rules  in  use  are  badly  in  error,  although  they  appear 
in  (juite  a  number  of  handbooks  on  Icjcomotive  design. 
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Mr.  Forsyth  thinks  that,  from  conclusion  (h),  it  is  fair  to  assume 
that  it  is  prudent  to  run  a  locomotive  when  the  centrifugal  force 
of  the  "  excess  balance  "  does  not  exceed  the  weight  of  the  driver 
upon  the  rail.  The  conclusion  says  that  it  is  7iot  prudent  to  run 
Avhen  the  centrifugal  force  is  in  excess,  and  I  do  not  know  that 
I  am  as  ready  to  say  what  is  prudent  as  I  am  to  say  what  is  not 
prudent.  It  is  sometimes  easier  in  engineering  work  to  conclude 
what  is  not  safe  than  to  determine  what  is  safe,  and  I  think  this 
is  a  case  of  that  kind.  There  can  be  no  doubt  but  what  Mr. 
Forsyth's  engines  are  safe  to  run  at  a  speed  of  eightv  miles  an 
hour,  and  perhaps  higher,  but  with  our  present  knowledge  I  do 
not  know  where  to  draw  the  line  of  the  limit  of  safety. 

I  can  agree  with  all  of  Mr.  Forsyth's  conclusions  excepting  the 
third.  There  are  cases  of  damaged  track  where  the  reciprocating 
parts  could  scarcel}^  be  made  lighter  under  the  fundamental  condi- 
tions of  the  designs,  and  in  such  cases  we  should  have  to  add  to 
those  conclusions  the  words,  "  or  the  use  of  designs  that  cannot 
be  balanced  so  as  to  be  safely  run  at  common  maximum  speeds." 

The  engineer  in  charge  of  the  permanent  wa}"  of  a  railroad  is 
continually  looking  for  the  causes  that  give  damaged  track — not 
alone  bent  rails,  but  other  damages  as  well ;  and  when  he  sees  a 
lot  of  bent  rails  that  have  been  bent  by  a  locomotive  it  is  but 
natural  to  look  to  the  locomotive  as  being  the  cause  of  small  as 
well  as  large  damages,  and  it  is  this  that  has  led  to  the  present 
discussion,  and  that  has  brought  out  the  attack  on  the  present  loco- 
motive design  that  Mr.-  Forsyth  speaks  of.  That  such  an  attack 
is  justified,  is  shown  by  the  fact  that  within  a  year  locomotives 
have  been  built  that  are  not  safe  to  run  at  seventv  miles  an  hour 
on  the  heaviest  track.  In  any  general  criticism  of  this  kind 
the  good  designs  suffer  with  the  bad,  and  it  is  only  by  defining 
the  limits  that  we  can  learn  where  any  particular  design  stands 
in  the  scale  of  safety.  This  is  the  prime  object  of  the  present 
papers  on  counterbalancing,  and  their  purpose  will  have  been 
fulfilled  if,  at  the  end  of  the  present  investigation,  there  is  estab- 
lished the  safe  limit  beyond  which  it  is  not  safe  to  pass  with  the 
*'  excess  balance." 


8o0  RUSTLESS  COATINGS   FOR   IRON   AND  STEEL. 


DCXXVL* 

RUSTLESS  COATIXGS  FOB  IRON  AND  STEEL,  GALVA- 
NIZING, ELECTRO-CHEMICAL  TREATMENT,  PAINT- 
ING, AND  OTHER  PRESERVATIVE  METHODS, 

SECOND    PAPER. 

BY  M.    P.    WOOD,    NEW    YORK   CITY. 

(Member  of  the  Society.) 

The  correspondence  that  has  ensued  since  the  presentation  of 
the  paper  on  "  Kustless  Coatings  for  Iron  and  Steel,"  at  the 
Montreal  meeting  (June,  1894)  f  has  induced  the  author  to  sup- 
plement that  paper  with  some  additional  matter  upon  the  same 
subject  that  may  prove  of  interest  enough  to  reward  perusal. 

That  the  subject  is  one  that  will  not  be  tabooed  or  laid,  like 
Banquo's  ghost,  is  quite  apparent  if  one  but  gives  even  a  cursory 
irlance  through  the  Patent  OfiSce  Reports,  and  notes  the  many  anti- 
corrosive  and  preservative  compounds  that  are  yearly  issued  for 
the  alleged  protection  of  iron  structures,  and  whose  practical 
merits,  as  a  rule,  are  summed  up  in  the  final  judgment  of  the  user 
after  he  has  paid  the  bill  for  the  application  of  the  compound, 
"  that  the  metal  did  not  appear  to  rust  any  faster  after  it  had 
been  applied  than  it  did  before." 

Painting  may  well  contest  the  claim  with  printing  for  the  title 
"the  art  preservative,"  if  the  report  of  the  census  year  1890  is  to 
be  relied  upon,  which  gives  in  the  statistics  of  manufactures  in 
the  United  States : 

Number  of  establishments  repoiting 382 

Ajrp-renrate  capital  employed $34,009/203 

Live  a-sset.s 19.110,021 

Average  number  employes 8,737 

Tot«l  wages  paid $5,605, (]-26 

Cost  of  material  used 24,030,582 

Value  of  products 40,438,172 

•Presented  attlie  New  York  meeting  (December,  1894)  of  tie  American  Society 
of  Mpcliafiiral  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Transactions, 

f  TrnrmnrtionH  of  the  Awfriran  Society  of  Mechanical  Engineers,  Vol.  XV., 
1891,  I'apt-r  No.  598,  pp.  99:!-1073. 


1 


RUSTLESS   COATINGS   FOR   IRON   AND   STEEL.  851 

These  amounts  do  not  include  any  items  embraced  in  the  prep- 
aration of  the  oils  and  solvents  or  vehicles,  varnishes,  or  chem- 
ical operations  in  the  preparation  of  colors,  the  army  of  men  em- 
ployed in  applying  or  spreading  the  mixtures  under  the  name  of 
painters,  but  relate  solely  to  the  production  of  paints  as  they  are 
ground  in  the  dry  or  in  oil  or  other  vehicle,  and  for  all  purposes ; 
and  do  not  include  the  imports  of  paints  or  pigments,  dry  or  liquid, 
these  articles  being  about  one  million  of  dollars  value  yearly,  the 
exports  of  these  articles  being  about  equal  to  the  imports. 

Assuming  that  sixty  cents  per  gallon  was  a  fair  price  for  all 
these  paints  on  an  average,  and  that  thirteen  pounds  was  an 
average  weight  per  gallon,  the  above  product  was  equal  to  about 
67,400,000  gallons  of  mixed  paints,  that  weighed  438,100  short 
tons  ;  and  on  the  basis  of  five  hundred  square  feet  of  surface  cov- 
ered by  one  coat  per  gallon  of  paint,  the  surface  covered  equals 
773,645  square  acres  or  1,209  square  miles. 

What  proportion  of  these  amounts  were  really  applied  for  the 
preservation  of  metallic  structures  on  shore  and  afloat,  it  is  hard 
to  conjecture ;  but  a  one-fourth  part  may  be  taken  as  the  yearly 
allowance  to  cover  the  effects  of  corrosion  in  progress  in  some 
degree  in  about  every  metallic  structure  that  meets  the  eye,  and 
may  be  considered  as  the  annual  contribution  to  the  coffers  of 
oxygen. 

Experiments  made  by  Mr.  B.  H.  Thwaite,  A.  M.  I.  C.  E.,  in 
order  to  ascertain  the  life  of  wrought  iron  when  exposed  to  the 
corroding  effects  of  the  atmosphere  in  a  manufacturing  town  and 
in  an  unprotected  position,  demonstrate,  with  a  tolerable  degree 
of  exactitude,  that  a  bar  of  wrought  iron,  one  inch  by  four  inches, 
would  be  entirely  corroded  away  in  a  little  over  a  century. 

How  rapidly  corrosion  progresses  under  ordinary  conditions  of 
exposure  and  in  locations  where  it  is  least  expected,  is  forcibly 
shown  by  Mr.  C,  Ward,^  from  whose  paper  I  select  some  data  of 
interest. 

"the   CORROSIJN   of   boilers   and   STEAMSHIPS. 

**  Experiments  conducted  by  the  Admiralty,  Board  of  Trade,  and 
Lloyd's,  prove  that  steel  corrodes  much  more  rapidl}^  than  iron 
when  exposed  to  the  action  of  salt  water  ;  also,  that  the  com- 

*  A  paper  read  before  tlie  Goldsmiths'  EngineeHng  Society  and  publislied  in 
The  Practical  Engineer,  Loiidou,  Sept.  21,  1894,  Vol.  X.,  No.  395,  pp.  224-2'.^6. 
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moner  brauds  of  iron  corrode  less  than  the  better  brands  when 
exposed  to  the  same  influence. 

''Witli  steel  unprotected  and  exposed  to  the  action  of  the 
weather  and  sea-water,  corrosion  advances  at  the  rate  of  one  inch 
in  depth  in  82  years,  while  under  the  same  conditions  for 
iron  the  rate  is  one  inch  in  190  years.  When  exposed  to  the 
weather  and  fresh  water,  the  corrosion  is  at  the  rate  of  one  inch 
in  170  years  for  steel  and  630  years  for  iron.  When  always  im- 
mersed in  sea-water,  the  periods  are  one  inch  in  130  years  for 
steel  and  one  inch  in  310  years  for  iron ;  and  when  always  im- 
mersed in  fresh  water,  the  periods  become  600  years  for  steel  and 
700  years  for  iron. 

'*  These  conclusions  are  the  results  of  years  of  patient  experi- 
ment and  observation  by  Mr.  Parker  of  the  Board  of  Trade  and 
Mr.  Phillips  of  the  Institute  of  Civil  Engineers. 

"In  1879  Sir  Nathan  Barnaby  stated  that,  when  the  mill  scale 
was  left  on  the  surface  of  steel  plates,  its  effect  upon  the  neighbor- 
ing bared  metal  was  as  strong  and  continuous  as  copper  would  be; 
and  in  1887  Mr.  Rialton  Dixon  gave  before  the  Institute  of  Naval 
Architects  his  experience  as  to  a  vessel  built  entirely  of  steel  some 
eight  years  before,  and  which  was  found  to  be  greatly  corroded  in 
tlie  bunkers  and  water-ballast  chambers  near  the  engine-room,  the 
flanges  of  some  of  the  angle  irons  having  entirely  disappeared  and 
the  tie  ])lates  being  eaten  away  in  holes.  This  action  could  be 
traced  directly  to  the  presence  of  the  mill  scale,  and  whether  the 
surface  was  coated  with  paint  or  cement  or  not,  the  corrosion  was 
always  present  upon  those  plates  and  angles  that  had  mill  scale 
upon  them.  The  presence  of  the  paint  and  other  coating  retarded 
the  corrosion  only  in  a  minor  degree  by  preventing  the  moisture 
from  reaching  the  surface  of  the  metal. 

"In  1882  Mr  Farquharson,  on  behaK  of  the  Admiralty,  con- 
ducted a  number  of  experiments  to  test  the  action  of  mill  scale 
upon  })late8.  These  experiments  were  very  exhaustive,  and  the 
result  was  to  estaljlish  beyond  dispute  that  (1)  no  pitting  occurred 
in  mild  steel  wJicm  freed  from  mill  scale;  (2)  that  the  loss  of 
weight  from  corrosion  of  clean  mild  steel  and  clean  iron  did  not 
differ  much  ;  and  (3)  that  the  action  of  mill  scale  (Fe^O"*)  is  con- 
siderable and  continuous  and  equal  to  a  similar  quantity  of  copper  in 
its  corrcmvt  arfion.  Since  these  experiments,  the  Admiralty  have 
never  wavered  in  their  practice  of  causing  all  their  steel  plates  to 
be  '  pickled '  to  remove  the  mill  scale,  as  is  done  for  galvanizing. 
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"  A  fruitful  cause  of  pitting  and  corrosion  is  found  in  the  small 
particles  of  slag  and  carbon  which  get  rolled  into  the  surface  of 
the  plate  during  manufacture.  These  when  brought  into  contact 
with  salt  water  readily  cause  pitting  by  galvanic  action.  It  is 
quite  usual  to  see  the  sides  of  steel  steamers  of  the  merchant 
marine  thickly  covered  with  small  rust  spots,  or  rust  cones  as  they 
are  technically  called.  If  these  cones  are  carefully  removed  and 
examined,  a  little  pit  will  be  seen  containing  a  particle  of  black  or 
magnetic  oxide  that  under  a  layer  of  paint  has  been  insidiously 
eating  its  way  into  the  plate.  Had  the  plate  been  '  pickled,'  all 
the  cinder,  slag,  and  scale  would  have  been  dissolved  out." 

The  author  here  refers  to  the  anti-corrosive  paints  in  use  and 
their  non-eflective  character  to  prevent  corrosion,  and  goes  on  to 
the  causes  of  boiler  corrosion  in  detail,  and  cites  the  case  of  the 
external  corrosion  of  boilers,  viz.  : 

"  Take  the  case  of  the  bottom  of  a  steamer's  boiler,  usually 
placed  in  close  proximity  to  the  bilges.  The  bilge  water  will  be 
rich  in  carbon,  due  to  the  amount  of  coal  dust  in  it,  and,  the  radi- 
ant heat  from  the  bottom  of  the  boiler  evaporating  this  water,  the 
evolved  moisture  with  the  carbonic  acid  there  formed  simulta- 
neously attack  the  plates  (if  unprotected)  and  form  a  thin  layer  of 
ferrous  carbonate  (Fe  +  O  +  CO2  =  FeCOa). 

"  The  ferrous  carbonate  so  formed  is  at  once  oxidized  by  more 
oxygen  and  converted  into  feJTic  oxide.  2(FeC03  +  O  =  Fe^ 
03  +  2C0^).  If  plenty  of  moisture  be  present,  as  is  generally  the 
case,  ferric  hydrate  is  formed  (FegOa  +  3H2O  =  FcaHOe).  During 
the  reactions  the  CO2  is  liberated  in  the  metal  and  reacts  with 
more  oxygen  from  the  air  to  carry  on  the  process  of  destruction, 
which  is  now  further  accelerated  by  the  fact  that  the  hydrated 
oxide  on  the  surface  is  electro-negative  to  the  metal  itself,  and 
excited  by  the  presence  of  moisture  and  carbonic  acid,  creates  a 
galvanic  current  at  the  expense  of  the  metal,  and  the  rust  being 
porous,  the  action  continues  until  all  the  metal  is  destroyed. 

*'  Corrosion,  like  all  other  forms  of  chemical  action,  is  much  ac- 
celerated by  increase  of  temperature,  and  in  the  bottoms  of  ships 
and  boilers  the  boiler-bearers  and  bunker  plates  are  in  close  prox- 
imity to  the  boilers.  This  has  a  considerable  effect  in  increasing 
the  rapidity  of  rusting ;  also,  in  the  coal  bunkers,  the  contact  of 
moist  coal  wdth  the  plates  sets  up  galvanic  action,  carbon  being 
electro-negative  to  the  metal.  Kow,  the  rusts  or  oxides  of  any 
metal  are  electro-negative  to  the  metal  itself ;  it  therefore  requires 
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ouly  the  presence  of  moisture  and  oxygen  to  produce  electrical 
action  and  the  corresponding  destruction  of  the  plate. 

"Variation  in  temperature  affects  more  particularly  the  ques- 
tion of  the  serious  and  dangerous  pitting  observable  on  the  sides 
of  furnace  plates.  In  cases  where  two  portions  of  even  the  same 
])late  of  the  iron  or  steel  are  subject  to  unequal  temperatures  when 
immersed  in  a  liquid  capable  of  chemically  acting  upon  them, 
these  two  portions  become  virtually  two  different  metals  so  far 
as  molecular  arrangement  is  concerned,  and  are  capable  of  form- 
ing a  voltaic  couple.  The  more  highly  heated  portion,  being  the 
most  readily  acted  upon  by  the  sea- water,  becomes  the  positive 
or  corroded  element,  while  the  less  highly  heated  portion,  being 
less  liable  to  chemical  action,  is  the  negative  element.  Thus, 
when  through  any  physical  or  structural  causes  one  part  of  a 
metal  plate  forming  the  side  of  a  furnace  near  the  fire  bars  and 
parts  of  the  combustion  chamber  is  more  highly  heated  than 
the  other  parts,  the  more  highly  heated  part  becomes  positive 
to  the  less  heated  parts,  and  concentrates  upon  itself  all  the  cor- 
roding or  chemical  action  which  would  have  diffused  itself  gen- 
erally had  the  temperatures  been  equal  throughout." 

The  corrosion  of  boilers  from  the  action  of  sea-water  is  very 
fully  entered  upon,  and  the  use  of  some  compounds  to  correct  the 
salinity  of  sea-water  given,  viz.,  "zincara,"  a  compound  of  zinc 
and  carbonate  of  soda.  The  usq  of  anti-corrosive  compounds  is 
also  recommended,  but  no  particular  one  specified. 

"  Mr.  D.  Phillips,  in  a  paper  read  before  the  Institute  of  Civil 
Engineers,  in  1885,  cited  the  result  of  an  experiment,  in  which 
surfaces  of  bright  pieces  of  plate  iron,  immersed  in  cold  sea-water 
for  over  ten  years,  have  been  thoroughly  protected  from  corro- 
sion by  the  aid  of  pieces  of  metallic  zinc  in  metallic  contact  with 
the  iron ;  while  a  similar  piece  of  iron,  similarly  fitted  and  im- 
mersed, but  having  a  piece  of  paper  placed  between  the  iron  and 
zinc  plate,  received  no  protection  whatever.  The  water  was 
clianged  twice  annually,  and  the  oxide  removed  from  the  zinc  by 
filing.  Under  these  circumstances  the  iron  became  gradually 
coated  with  a  film  of  leaden-colored  deposit  when  wet,  but  hard 
and  wliito  when  dry.  The  effect  in  other  respects  was,  that  on 
every  occasion  that  tlie  oxide  was  removed  from  the  zinc  and  the 
deposit  from  the  iron  specimens,  on  being  returned  to  the  water, 
small  globules  formed  on  the  zinc  ;  and  on  reaching  ^j^  inch  in 
diameter  released  themselves  and  flew  to  the  surface. 
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"  A  leading  article  in  Engineering,  August  7,  1878,  refers  to 
the  boilers  of  the  steamship  Hindostan  as  follows :  '  We  found 
that  the  zinc-fitted  were  decidedly  cleaner  than  the  other  boilers  ; 
that  is  to  say,  the  scale  was  white  and  pure,  showed  no  signs  of 
oxidation  going  on  below  it,  whereas  the  scale  of  the  boilers 
which  had  no  zinc  showed  the  usual  discoloration  of  the  surface 
next  to  the  iron  plate. 

"  The  proportions  necessary  to  insure  complete  protection  are 
one  square  foot  of  zinc  to  fifty  square  feet  of  heating  surface  in 
new  boilers,  which  may  be  diminished  after  a  time  to  one  in  seven- 
ty-five or  even  one  in  one  hundred  square  feet.  Merely  placing 
the  zinc  in  trays,  hangers,  or  strips  icill  not  insure  metallic  con- 
tact, and  the  action  of  zinc  to  prevent  corrosion  under  such  cir- 
cumstances will  be  weak  and  limited.  The  better  and  generally 
recognized  method  of  fixing  the  zinc  is  to  place  a  number  of  studs 
in  the  sides  of  the  furnaces  and  combustion  chambers,  and  to 
bolt  on  to  their  studs  the  zinc  plates,  which  should  be  about 
10"  X  6"  X  1".  It  is  important  to  see  that  the  contact  surfaces 
are  clean  and  bright  and  the  nut  screwed  close  down  to  the  zinc 
to  exclude  the  water  and  deposits  from  the  contact  surfaces,  and 
thus  comparatively  insulating  them  and  preventing  the  galvanic 
action.  Otherwise  the  zinc  is  acted  upon  mostly  as  a  solvent 
that  renders  the  water  innocuous  or  non -exciting." 

The  paper  is  fall  of  interesting  data,  and  worthy  a  place  on 
the  files  of  those  interested  in  the  question  how  to  prevent  cor- 
rosion in  our  iron  structures.  The  data  in  the  paper  do  much 
to  clear  up  the  rival  claims  of  some  prominent  engineers  as  to 
the  merit  or  priority  of  the  invention,  or  at  least  the  application 
of  zinc  in  galvanic  circuit  for  the  protection  of  iron  and  steel  sur- 
faces to  which  it  may  be  connected  and  electrically  excited  by 
the  action  of  the  confined  or  surrounding  water.  Whether  this 
use  was  at  first  in  a  marine  steam-boiler  or  in  the  open  sea,  as 
applied  to  the  hull  of  tho  vessel,  or  in  the  bilge-water  exposure, 
is  of  little  moment.  The  steps  between  the  groups  are  so  short, 
that  the  idea  or  application  made  to  one  led  necessarily  to 
the  other  in  a  very  short  time. 

If  the  claims  of  the  American  be  true,  that  in  the  year  1845 
the  use  of  zinc  was  tried  by  him  for  the  protection  of  the  hulls  of 
vessels,  one  can  but  wonder  what  he  found  therein  to  protect, 
unless  he  applied  it  to  the  hackmatack  or  live-oak  timbers  for 
worms ;    and   if  incidentally   any  iron-work  that   at   that   date 
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entered  into  the  construction  of  the  sliip  received  protection  by 
means  of  the  application  of  the  zinc,  why  in  the  name  of  the  ever- 
progressive  Yankee  did  he  not  pursue  his  advantages  and  prove 
himself  the  benefactor  of  the  age  ? 

A  correspondent,  W.  J.  H.  Adam,'^  in  The  Practical  Engineery 
September  28,  1894  Vol.  X.,  No.  396,  p.  248,  referring  to  Mr.  0. 
Ward's  paj>er,  The  Corrosion  of  Steamship  Boilers^  gives  some  in- 
teresting data  about  the  use  of  zinc  to  prevent  corrosion  in  all 
types  of  boilers,  by  means  of  an  improved  "  electrogen,"  now 
in  use  on  the  Allan,  Cunard,  Bedouin,  Forwood,  Ked  Star, 
Mclver,  and  other  important  steamship  lines,  as  well  as  in  the 
French,  Chinese,  and  Japanese  navies.  These  electrogens  are 
fitted  to  the  shells  of  the  boilers  by  screwed  studs,  and  their 
action  is  so  efficient  that  pitting  is  stopped  within  a  month  of 
their  being  applied,  and  boilers  which  were  "  bleeding  "  and  red 
with  rust  were  brought  around  in  two  months'  time.  Boilers 
with  heavy  scale,  as  well  as  badly  corroded,  are  run  for  four  times 
the  usual  periods  for  opening  up  and  cleaning  out,  while  pitting 
from  the  combination  of  copper  fireboxes,  brass  tubes,  and  iron 
shells  has  been  entirely  arrested.  A  marine  boiler  using  eighty 
pounds  of  steam,  that  had  been  fitted  with  electrogens  for  a  num- 
ber of  years,  and  was  replaced  by  a  new  boiler  to  work  at  one  hun- 
dred and  fifty  pounds,  was  found  to  be  in  so  perfect  a  condition  as 
to  be  acceptable  by  the  inspectors  for  land  duty  at  one  hundred 
and  twenty  pounds  pressure. 

Electrogens  have  displaced  ^'  zynkara "  in  a  number  of  in- 
stances, as  they  prove  to  be  more  reliable  and  steady  in  action, 
and  do  not  scar  and  injure  the  slide-valve  faces  and  cylinders  as 
chemical  compounds  containing  quantities  of  soda  are  very  apt 
to  do. 

Tlie  corrosive  eff*ects  of  mill  scale,  so  forcibly  presented  in  Mr. 
Ward's  paper,  but  supplements  the  remarks  made  upon  the  same 
matter  in  the  paper  No.  598,  June  meeting,  1894,  before  referred 
to,  and  confirms  the  various  naval  authorities  in  the  stand  that 
they  liave  taken  upon  the  removal  of  the  mill  scale  from  all  the 
plates  used  in  the  construction  of  vessels  for  the  navy,  the 
responsible  marine  contractors  also  giving  the  matter  their 
indorsement  by  their  practice  in  this  respect.  So  far  well,  and 
the  screws  of  experience  that  have  been  turned  on  continually  for 
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the  pasfc  fifty  years  or  since  the  first  iron  sheeted  and  framed 
vessel  was  laid,  have  produced  an  effect ;  but  it  will  be  apparent 
to  any  observer  at  even  the  most  casual  visit  to  any  ship-yard 
that  the  mill  scale  question  to  the  ship-builder  is  a  good  deal 
like  the  temperance  question  to  the  politician  who  is  in  favor  of 
the  law  of  prohibition,  but  against  its  enforcement ;  else,  why 
not  extend  the  beneficial  results  to  the  structural  or  frame  work 
of  the  ship,  instead  of  confining  their  laudable  efforts  of  improve- 
ment to  the  skin  portion  only? 

That  a  clean,  bright  covering  plate  should  be  riveted  to  a  frame- 
work of  angles,  bars,  forgings  and  other  connected  parts  so 
loaded  with  mill  scale,  far  in  excess  of  surface  and  in  w^eight 
over  that  of  the  plate  itself,  and  then  expect  the  salutary  effect 
to  extend  to  the  whole  structure,  is  beyond  the  comprehension  of 
a  landsman  and  needs  the  educational  course  at  some  naval  or  other 
school  to  explain.  But  it  is  no  less  a  fact,  that  in  the  majority 
of  ship-yards,  whether  engaged  on  government  or  commercial 
work,  little  or  no  attention  is  paid  to  this  branch  of  constructive 
detail  by  the  government  or  other  inspectors,  who  are  in  general 
so  heedless  or  regardless  of  small  things  other  than  as  connected 
with  their  salary  or  perquisite  account,  that  even  the  scale  thrown 
down  by  the  processes  of  riveting  and  erecting  is  seldom  removed 
from  the  various  places  of  lodgement,  unless  it  be  near  a  hole 
where  it  can  fall  out  of  itself,  but  remains  to  do  duty  as  a  prince 
of  corrosion  so  soon  as  closed  in  and  the  least  moisture  reaches  it, 
that  no  subsequent  coverings  by  any  paint,  cement,  or  anti-corro- 
sion compound  can  remedy. 

GALVANIZING. 

Galvanizing,  as  a  protecting  surface  for  large  articles,  such  as 
enter  into  the  construction  of  railway  viaducts,  bridges,  roofs, 
and  ship- work,  has  not  reached  the  point  of  appreciation  that 
possibly  the  near  future  may  aw*ard  to  it.  Certain  fallacies 
existed  for  a  long  time  as  to  the  relative  merits  of  the  dry  or 
molten  and  the  wet  or  electrolytical  methods  of  galvanizing. 
The  latter  was  found  to  be  too  costly  and  slow,  and  the  results 
obtained  were  erratic  and  not  satisfactory,  and  soon  gave  place 
to  the  dry  or  molten  bath  process  as  in  practice  at  the  present 
day  ;  but  the  difficulty  of  management  in  connection  with  large 
baths  of  molten  material,  the  deterioration  of  the  bath,  and  other 
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mechanical  causes  limit  the  process  to  articles  of  comparatively 
small  size  and  weight. 

The  electro  deposition  of  zinc  has  been  subject  to  many  patents, 
and  the  efforts  to  introduce  it  have  been  lamentable  failures  in 
both  a  mechanical  and  financial  sense.  Most  authorities  recom- 
mend a  current  density  of  18  or  20  amperes  per  square  foot  of 
cathode  surface,  and  aqueous  solutions  of  zinc  sulphate,  acetate  or 
chloride,  ammonia  chloride  or  tartrate,  as  being  the  most  suitable 
for  deposition. 

Herman's  process  has  been  experimented  with  on  a  commercial 
scale,  the  chief  feature  being  the  addition  of  the  sulphates  of  the 
alkalies  or  alkali  earth  to  a  weak  solution  of  zinc  phosphate. 

Electrolytes  made  by  adding  caustic  potash  or  soda  to  a  suit- 
able zinc  salt  have  been  found  to  be  unworkable  in  practice,  on 
account  of  the  formation  of  an  insoluble  zinc  oxide  on  the  surface 
of  the  anode,  and  the  resultant  increased  electrical  resistance  ;  the 
electrolytes  are  also  constantly  getting  out  of  order,  as  more 
metal  is  taken  out  of  the  solution  than  could  possibly  be  dis- 
solved from  the  anodes  by  the  chemicals  set  free,  on  account  of 
this  insoluble  scale  or  furring  up  of  the  anodes,  which  sometimes 
reaches  I  inch  in  thickness.  Fig.  124  shows  an  anode  thus 
coated. 

To  all  intents  and  purposes  the  deposits  obtained  from  acid 
solutions  under  favorable  circumstances  are  fairly  adhesive  when 
great  care  has  been  exercised  to  thoroughly  scale  and  clean  the 
surface  to  be  coated,  and  which  is  found  to  be  the  principal  diffi- 
culty in  the  application  of  any  electro-chemical  process  for  cop- 
per, lead,  or  tin,  as  well  as  for  zinc,  and  that  renders  even  the  apj^li- 
cation  of  |)aint  or  other  brush  compounds  so  futile  unless  honestly 
complied  with.  Unfortunately,  these  acid  zinc  coatings  are  of  a 
transitory  nature,  their  durability  being  incomparable  with  hot 
galvanizing,  as  the  deposit  is  porous  and  retains  some  of  the  acid 
salts  which  cause  a  wasting  of  the  zinc  and  consequently  the  rust- 
ing of  the  iron  or  steel.  Ciistings  coated  with  acid  zinc,  rust 
comparatively  quickly,  even  when  the  porosity  has  been  reduced 
by  oxidation,  aggravated  no  doubt  by  some  of  the  corrodini^  agents, 
sal-ammoniac,  for  instance,  being  forced  into  the  pores  of  the 
metal. 

The  relative  porosity  of  zinc  coating,  applied  hy  different 
methods,  is  shown  bv  tiie  following  micrographs,  Figs.  122  and 
123,  taken  from   Thf^,  luigineer,  September  28,  1894,  and  to  which 
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I  am  indebted  for  some  selections  upon  this  subject,  as  well  as 
for  the  tables,  Figs.  125,  126,  127,  given. 

Other  matters  of  serious  moment  in  the  acid  electro-zincing 
process,  aside  from  the  slowness  of  operation,  were  the  uncertain 
nature,  thickness,  and  extent  of  the  coating  on  articles  of  irregular 
shape,  and  the  formation  of  loose  dark-colored  patches  on  the 
works,  the  unhealthy  non-metallic  look,  and  want  of  brilliancy  and 
lustre,  prevented  engineers  and  the  trade  from  accepting  the 
process  or  its  results  except  for  the  commoner  articles  of  use. 

The  Cowper-Coles  process  of  electro-zincing  articles  claims  to 
overcome  all  these  difficulties,  and  plants  are  in  process  of  erection 


Fig.  122.— Zinc  Coating  Applied  by 
Hot  Galvanizing  Process,  Magnified 
Five  Diameters. 


Fig.  123.— Deposit  from  Ziuc  Sul- 
phate Solution  (Acid),  Magnified  Five 
Diameters. 


with  a  bath  of  some  14,100  gallons  capacity,  capable  of  turning 
out  forty  tons  of  light  work  per  week,  and  in  which  it  is  proposed 
to  treat  the  plates  of  vessels  sixty  feet  in  length  upon  one  or  both 
sides,  and  the  frames  of  such  vessels  as  torpedo-boat  destroyers 
and  kindred  craft  after  riveting  up.  These  plates  and  frames  are 
given  a  thin  coating  of  zinc  by  this  process  that  appears  to  be 
perfectly  uniform  in  character  and  extent  whatever  the  shape  of 
the  piece  may  be,  and  however  numerous  the  lugs,  flanges,  mor- 
tises, or  core  holes,  and  is  called  "  zinc-flashing"  ;  that  is,  coating 
the  iron  or  steel  article  after  pickling  and  cleaning  with  a  thin 
coat  of  zinc  about  one  ounce  per  square  foot  of  surface,  which  resists 
the  inclemency  of  the  weather  and  mechanical  injury  as  well  as  a 
thicker  coat,  and  is  found  to  afford  sufficient  protection  in  most 
cases,  and  is  adequate  protection  until  such  time  as  it  is  ready  to 
receive  the  usual  paint  coatings. 

To  obviate  any  tendency  of  the  paint  to  peel  otf  from  the  zinc 
surfaces  as  it  generally  manifests  a  disposition  to  do,  it  is  lecom- 
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moudeil  to  coat  all  the  zinc  surfaces,  previous  to  painting  tliem, 
with  the  following  compound  :  One  part  chloride  of  copper  ;  one 
]Kirt  nitrate  of  coi^jper ;  one  part  sal-ammoniac, dissolved  in  sixtj-one 
parts  water,  and  then  add  one  part  commercial  hydrochloric  acid. 
When  the  zinc  is  brushed  over  with  this  mixture,  it  oxidizes  the 
surface,  turns  black,  and  dries  in  from  twelve  to  twenty-four  hours, 


Fig.  124. 


and  may  then  be  painted  over  without  danger  of  peeling.  Another 
and  more  quickly  applied  coating  consists  of  bichloride  of  plati- 
num, one  j)art  dissolved  in  ten  parts  distilled  water  and  applied 
either  by  a  l>rush  or  sponge.  It  oxidizes  at  once,  turns  black,  and 
resists  the  weak  acids,  rain,  and  the  elements  generally. 

Zinc  surfaces,  after  a  brief  exposure  to  the  air,  become  coated 
with  a  thin  film  of  oxide — insoluble  in  water — which  adheres 
tenaciously,  forming  a  protective  coating  to  the  underlying  zinc. 
S^)  long  as  the  zinc  surface  remains  intact,  the  underlying  metal 
is  protected  from  corrosive  action,  but  a  mechanical  or  other  in- 
jury to  the  zinc  coating,  that  exposes  the  metal  beneath  in  the 
presence  of  moi.sture,  causes  a  very  rapid  corrosion   to  be  inau- 
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gurated,  the  galvanic  action  being  changed  from  the  zinc  positive 
to  zinc  negative,  and  the  iron  as  the  positive  element  in  the  circuit 
is  corroded  instead  of  the  zinc. 

When  galvanized  irou  is  immersed  in  a  corrosive  liquid,  the  zinc 
is  attacked  in  preference  to  the  iron,  provided  both  the  exposed 
parts  of  the  iron  and  the  protected  parts  are  immersed  in  the 
liquid.  The  zinc  has  not  the  same  protective  quality  when  the 
liquid  is  sprinkled  over  the  surface  and  remains  in  isolated  drops. 
Sea-air  being  charged  with  saline  matters  is  very  destructive  to 


0 

W 

H 
Z 
u 

03 

z 

.  f- 


Cq. 


250 
240 
230 
220 
210 
200 
VJO 
180 
170 
IGO 
150 
140 
130 
120 
110 
100 

yo 

80 
70 
CO 
50 
4(; 
30 
20 
10 


U_15\ 

1 

1          ,          1          1 

AUTHORITY 

NOTES: 

\ 

1          1          1 

N 

V 

JAPING 

MCMILLAN 

PERSON    4 
SIRE 

DR.ELSNER 

WEISS 

WEISS 
LONYET 

-WATT 

\ 
HERMANN 

Dissolve !  in  Water.  Add 
excess  of  2,     Exact  pro- 
portions not  stated. 

Current  Density  about 
20  Amperes  per  Sq.Ft. 

Precipitate  4  from  Sul- 
phate by  Potash. 

(For  Cast  Iron")  Propor- 
tions only.  Exact  quan- 
tities not  stated. 

Toll  in  500  of  Water. 
Add  10  and  9  in  rest  of 
water.  Mix  well. 

Dissolve  18  in  Water. 
Add  20.  Add  17  electro- 
lytically.Finally  add  19. 

Firm  deposit  with  strong 
current. 

\, 

\ 

1   __ 





2>--  - 

\   1 

i            / 

\j 

1          / 

X 

1 

^- 

.  " 

<         / 

1  \     1                  L  --^ 

■  / 

1     ^i  -—'''' 

^^ 

1/ 

—1  -^     r\ 

t-^ 

1       1 

__  — 

\l          1        J- 

i     oi-^ 

x     ^^ 

/ 

1    "1 

>^    1 

/ 

1                1        oil 

b 

i 

^^r 

'^ — ^ 

^ 

\ 

/ 

^ 

-    --^ 

\ 

/ 

1 

"" ^ 

^^.^ 

> 

<     ^ 

y' 

:           1 

11 

*|*>^ 

1ft     !    ^ 

. 

J 

\ 

y 

e'       -^ 

S^<! 

^r^         > 

r-^^   /r4 

/   N 

/ 

re— 

^^^^ 

^^^^ 

^-^^ 

\    ^^=:^^      1  '/^ 

^"^..^ 

^^>^y 

\ 

A— 

■ 

^-^ 

-1-7-4. 

^0 

/ 

19 

20    9 

13 

22 

1                    1          1 

. 

-3     o     P. 
>»    S   "S 

!-!   r^   .2 


Pi    Ch 


Fig.  125. — Zixcixg  Solutions  Recommended  by  Various  Authorities. 


galvanized  surfaces,  forming  a  soluble  chloride  by  its  action.  As 
zinc  is  one  of  the  metals  most  readily  attacked  by  acids,  ordinary 
galvanized  iron  is  not  suitable  for  positions  where  it  is  to  be  much 
exposed  to  an  atmosphere  charged  with  acids  sent  into  the  air  by 
some  manufactories,  or  to  the  sulphuric  acid  fumes  found  in  the 
products  of  combustion  of  rolling  mills,  iron,  glass,  and  gas  works, 
etc.;  and  yet  we  see  engineers  of  note,  covering  in  important  build- 
ings with  corrugated  and  other  sheets  of  iron  and  using  galvanized 
iron  tie  rods,  angles,  and  other  construction  shapes,  in  blind  confi- 
dence of  the  protective  power  of  the  zinc  coating ;  else  in  supreme 
indifference  as  to  the  future  consequences  and  catastrophes  that 
arise  from  their  unexpected  failure. 
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The  comparative  inertia  of  lead  to  the  chemical  action  of  many 
aciJs  has  led  to  the  contention  that  it  should  form  as  good  if  not 
a  better  protection  to  iron  than  zinc,  but  id  practice  it  is  found  to 
be  deficient  as  a  protective  coating  against  corrosion.  A  piece  of 
lead-coated  iron  or  teme  plate  placed  in  water  wiQ  show  decided 
evidences  of  corrosion  in  twenty-four  hours.  This  is  to  be  at- 
tributed to  the  porous  nature  of  the  coating,  whether  it  is  applied 
by  the  hot  or  wet  (acid)  process.  The  lead  does  not  bond  to  the 
plate  as  well  as  either  of  the  other  metals,  zinc,  tin,  copper,  or  any 
alloys  of  them.  The  usual  weight  of  lead-coated  teme  plates  is 
about  J  ounce  to  a  square  foot,  while  hot-process  zinc  coatings 
weigh  from  1^  ounces  minimum  to  3  ounces  maximum,  depending 
upon  the  temperature  of  the  bath,  and  the  slowness  of  removal 
therefrom  giving  time  for  the  article  to  drain  off.  The  following 
table  gives  the  increase  in  weight  of  different  articles  due  to  hot 
galvanizing : 


Description  of  arti.-ie.  i  ^^^^"^  '^^'  f  ^^,  P^""  ,  P^^^^^n^age  of  in- 

JJ^s^.x^^l.  wu.  yj>.  ^L^.i.^.  I         sqaarefoot.  crease  of  weight. 


Thin  flbect  iron  =  .026  inch  No.  22  B.  \V  .  G. . .  1 .  196  oz. 

^iBchplales 1.76     *' 

4  inch  cnt  nail.* !         2  19     " 

JiDcLuia.boltaadnnt ]T''206T^^^ 


18.2 
2.0 
6.72 

1.00 


Tin  is  often  added  to  the  hot  bath  for  the  purpose  of  obtaining 
a  smoother  surface  and  larger  spangles  or  facets,  but  it  is  found 
to  shorten  the  life  of  the  protective  coating  considerably. 

A  portion  of  a  zinc  coating  appUed  by  the  hot  process  was  found 
to  be  very  brittle,  breaking  when  attempts  were  made  to  bend  it ; 
the  average  thickness  of  the  coating  was  .015  of  an  inch. 

An  analysis  gave  the  following  result : 

Tin 2.20 

Iron 3.78 

Arae  lie Trace 

ZtDCi.bj  difference) 94.02 

A  small  quantity  of  iron  is  dissolved  from  all  the  articles  placed 
m  the  molten  zinc  bath  ;  and  a  dross  is  formed  amounting  in  many 
cmses  to  twenty-five  per  cent,  of  the  whole  amount  of  zinc  used. 
This  zinc-iron  alloy  is  very  brittle  and  contains  by  analysis  six  pe 
cent,  of  iron,  and  is  used  to  cast  small  art  ornaments  frouL 
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A  hot  galraniziiig  pLmt  havLDg  a  bath  capacity  of  ten  feet  by 
four  feet  by  four  feet  six  inches  outside  dimensions,  and  about  one 
inch  in  thickness,  will  cost  $62o  and  will  hold  twenty-eight  lonc^ 
tons  of  zinc,  which  at  four  cents  per  pound  will  require  $2,500  to 
fill  it ;  the  heating  of  this  mass  of  metal  and  its  ever-changing  cold 
immersions,  with  the  waste  by  di'oss  and  extra  thickness  in  spots 
is  a  constant  source  of  annoyance  and  expense. 

The  cost  of  an  electrcKjhemical  or  wet  bath  Cowper-Coles  plant 
of  6,700  gallons  bath,  size  thirty  feet  by  six  feet  by  seven  feet, 
will  be  but  slightly  more  than  the  hot  bath  given.  There  is  no 
dross  formed  by  the  use  of  the  Cowper-Coles  process,  and  the  zinc 
coating  formed  is  said  to  resist  the  corroding  action  of  a  saturated 
solution  of  copper  sulphate — ^English  Post  Office  test  for  telegraph 
wire,  much  better  than  hot  galvanized  iron  wire,  as  per  following 
table : 

Result  of  Process  Test  Made  on  Samples  op  Charcoal  Iron  Wire  Coated 
WITH  Zinc  by  Various  Processes. 


Process  a=ed  to  test  the  iron. 

Grain''  of  zinc 
per  square  ft. 

Ounces    per 
square  ft. 

Xamber  of  one- 
minure  dips :  sam- 
ples -tdod  witimut 
showing  metallic 
copper. 

H<^t  sav'iniz'^. 

648.5         , 

U6A         1 

55-^.64 

1 

1.4S 
1.0-2 
1.26 

3 

Add'^lwirh  ZnSO* 

Cowper-Coles  process 

4 
5 

A  Cowper-Coles  process  bath  of  a  capacity  of  about  4:,000  gal- 
lons will  treat  ship  plates  18  feet  long,  and  will  require  an  elec- 
trical energy  of  2,000  amperes  of  5-volt  electro-motive  force. 

With  equal  amounts  of  zinc  per  unit  of  area,  the  zinc  coating 
put  on  by  the  cold  process  is  more  resistant  to  the  corroding 
actioD  of  a  saturated  solution  of  copper  sulphate  than  is  the  case 
with  steel  coated  by  the  ordinary  hot  galvanizing  process  ;  or,  to 
pat  it  in  another  form,  articles  coated  by  the  cold  process  should 
have  an  equally  long  life  under  the  same  conditions  of  exposure 
that  hot  galvanized  articles  are  exposed  to,  and  with  less  zinc 
than  would  be  necessary  in  the  ordinary  hot  process. 

The  hardness  of  a  zinc  surface  is  a  matter  of  some  importance. 
"With  this  object  in  view,  aluminium  has  been  added  from  a 
separate  crucible  to  the  molten  zinc  at  the  moment  of  dipping 
the  article  to  be  zinced,  so  as  to  form  a  compound  surface  of 
ziBco-alnminium,  and  to  reduce  the  ashes  formed  from  the  protect- 
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ive  coverings  of  sal-ammoniac,  fat,  glycerine,  etc.  The  addition 
of  the  aluminium  also  reduces  the  thickness  of  the  coating 
applied. 

Cold  and  hot  galvanized  plates  appear  to  stand  abrasion 
equally  well.  The  thickness  of  the  coating  being  the  same,  tests 
bv  means  of  the  Schlerometer  show :  cold  galvanized  sheet,  6. ; 


Table  givino  Thickness  of  Zinc  Required  to  Withstand  Varying  Num- 
ber OF  Immersions  in  a  Solution  of  Copper  Sulpkate. 
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hot  galvanized  sheet,  6. ;  terne  plate,  2. ;  tin  plate,  2.  The  fig- 
ures represent  the  load  in  grammes  upon  a  diamond  point,  just 
sufficient  to  cause  it  to  scratch  the  specimen. 

Tlie  attempts  to  electro-zinc  iron  and  steel  wire  for  wire 
standing  rigging,  bridge,  or  other  cables  have  not  been  success- 
ful ;  it  has  not  been  found  practical  to  produce  a  wire  capable  of 
withstanding  more  than  one  immersion  in  a  copper  sulphate 
solution. 

Both  pickling  and  hot  galvanizing  reduce  the  strength,  distort 
and  render  brittle  iron  and  steel  wires  of  small  sections.  Zinc 
fuses  at  775  F.,  and  the  bath  is  usually  kept  at  about  1,000^  F. 
Steel  wire  of  high  breaking  strain  has  its  hardness,  and  conse- 
quently its  ultimate  tensile  strength  and  elongational  efficiency, 
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reduced  by  drawing  of  tlie  temper  and  the  formation  of  an  iron 
zinc  alloy  on  tlie  surface  of  the  wire,  by  as  much  as  from  5  to  10 
per  cent.  It  is  the  practice  when  coating  steel  wire  to  keep  the 
bath  at  as  low  heat  as  possible  and  to  run  the  wire  through  it 
at  a  high  rate  of  speed.  Both  these  operations  lead  to  a  waste 
of  zinc  by  reason  of  the  rapid  solidification  of  the  metal  on  the 
comparatively  cold  wire,  and  consequently  the  ready  breaking 
or  cracking-off  of  the  covering  metal  on  bending  or  twisting  it, 
owing  to  the  difficulty  with  which  molten  zinc  adheres  to  the 
steel  except  after  long  contact  in  tlie  bath.  In  some  cases  the 
wire  is  wiped  between  asbestos  rubbers  as  it  leaves  the  bath, 
but  wire  thus  treated  is  found  to  resist  corrosion  but  a  very 
short  time. 

The  English  manufacturers  have  ceased  galvanizing  their 
high  grade  steel  wire  that  costs  some  $175  per  ton,  on  account 
of  the  great  risk  of  rendering  it  worthless,  which  is  clearly  a 
disadvantage,  although  the  advisability  of  protecting  the  steel 
is  unquestionable,  as  corrosion  is  found  to  be  very  marked  on 
the  inner  strands  of  ropes  or  cables  formed  from  uncoated  wires. 

The  Cowper-Coles  or  cold  galvanizing  process  is  in  operation 
at  the  works  of  Messrs.  Laird  Bros.,  Birkenhead,  Eng.,  and  used 
for  the  purpose  of  zincing  the  skin  plates  and  frames  of  the  tor- 
pedo boats  and  torpedo-boat  destrojrers  built  by  them  for  the 
English  navy.  A  plan  and  elevation  of  this  plant  is  given  in 
The  Engineer,  Feb.  28,  1891.  No  detail  of  the  cost  of  working 
the  process,  as  applied  to  armor  skin  plates,  frames,  or  other 
heavy  articles,  is  given.  The  cost  must  necessarily  be  less  than 
electro-plating  with  copper  as  given  by  the  Tacony  peoj)le  in 
the  preceding  paper  (No.  598,  Vol.  XV.,  1894\  not  only  in  regard 
to  the  difference  in  cost  of  two  metals  used,  but  also  the  electro- 
motive force  required,  the  cleaning  of  the  plates  from  mill  scale 
and  the  dirt  of  machining  processes  being  an  indispensable  con- 
dition in  this  process  as  in  all  other  preservative  methods. 
Figs.  125,  126,  127,  are  tables  accomj)anyiug  the  article  in  The 
Engineer  referred  to,  and  present  some  of  the  data  given 
therein  in  a  form  convenient  for  comparison. 

The  industrial  importance  of  the  successful  application  of  this 
cold  galvanizing  process  can  hardly  be  over-estimated,  even  if  its 
application  is  only  to  the  marine  constructions  of  the  future, 
and  it  is  found  to  be  in  any  degree  inapplicable  to  those  of  the 
past,  and  that  constitute  our  present  structures  and  vessels  in 
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use.  The  permanency,  continuity,  strength,  and  density  of  the 
coatiug  given  by  tliis  process  being  found  in  all  respects  equal 
to  that  of  hot  galvanizing,  the  thickness  of  it  can  be  made  supe- 
rior to  that  given  by  the  hot.  Considering  the  success  that  has 
attended  the  use  of  zinc  to  prevent  corrosion  in  marine  boilers 
with  concentrated  hot  saline  fluids  as  the  excitant  medium,  aided 
bv  the  electrical  conditions  attendant  upon  the  combustion  of 
large  quantities  of  fuel,  and  the  changes  in  temperatures  in  va- 
rious parts  of  the  same  boiler  or  group  of  connected  boilers,  all 
of  which  conditions  are  conducive  to  galvanic  action,  it  may  not 
be  considered  a  wild  prophecy  to  expect  that,  with  all  of  the 


Zn.         Pb.        Sn.         Fe.         Sb.         Cu.        Co. 

Fro.  127.— Diagram  of  Electro-chemical  Relations  of  Metals 
IN  VARIOUS  Solutions. 


internal  metallic  parts  of  a  steam  vessel  protected  by  zincing, 
and  by  virtue  of  the  constructive  features  in  close  contact  with 
each  other,  and  the  bilge-water  spaces  filled  with  a  corrosive 
liquid  ready  to  act  upon  any  immersed  metal  electro-positive  to 
the  motal  forming  the  ship,  that  an  application  of  zinc  plates 
secured  to  the  framework  of  the  structure  similar  to  the  appli- 
cation of  zinc  to  marine  boilers,  that  these  plates  may  receive 
the  energy  of  corrosion  and,  if  not  neutralizing  it  entirely,  at 
least  pass  it  along  in  the  form  of  a  deposit  upon  the  submerged 
portions  of  the  vessel  or  to  convenient  pockets  where  it  could  be 
removed,  the  same  as  is  now  done  to  the  washings  and  dirt  from 
the  fire-room  bunkers  and  ballast  chambers. 
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This  internal  electro-chemical  process  of  protection  does  not 
appear  so  chimerical  as  at  first  one  might  suppose.  Dr.  Henry 
Wurtz*  has  proposed  the  protection  of  mining-plants  subject  to 
the  intensified  corrosion  due  to  the  decomposition  of  pyrites  and 
other  minerals  in  the  mine  waters,  bj  connecting  all  of  the  metal 
portions  of  the  mine  as  the  negative  elements  with  a  dynamo  of 
sufficient  force  to  overcome  the  strength  of  gnlvanic  energy  due 
to  the  surfaces  exposed  excited  by  the  corrosive  liquids  in 
the  mine,  the  positive  terniinal  to  be  connected  to  a  mass  of  hard 
coke  in  the  mine  sump  :  conditions  varying  but  slightly  from  tliose 
existing  in  the  ship,  and  it  is  not  improbable  that  experiment  will 
determine  that  both  these  systems  could  be  made  to  work 
together. 

Thermo-electric  currents  arise  from  changes  of  temperatures  in 
all  bodies,  and  set  up  voltaic  action  in  all  cavities,  fissures,  seams, 
and  contact  surfaces  in  the  metal,  which,  though  slight  and  not 
easily  detected,  will  in  time  enlarge  and  waste  them  away  suffi- 
ciently to  sap  the  strength  of  the  mass. 

Metallic  salts  and  acids  in  mine-waters  intensify  the  corrosion 
of  all  metals  exposed  to  their  action  either  by  direct  contact  or 
immersion  or  by  condensation  of  the  vapors  in  the  mine.  The 
metal  work  of  railway  tunnels  is  also  disastrously  affected  by  the 
condensed  vapors  of  sulphur,  carbonic  acid,  and  the  ever-present 
moisture  due  to  such  locations,  the  corrosion  of  the  metals  de- 
creasing the  resistance  of  the  water  to  voltaic  circuits  :  this  corro- 
sion by  liquids  being  voltaic  phenomena  in  all  cases,  and  in  many 
cases  is  intensified  by  the  moisture  being  in  the  form  of  drops 
instead  of  being  uniformly  spread  over  the  whole  surface. 

The  cut  (Fig.  128),  reproduced  from  the  Railroad  Gazette,  Novem- 
ber 23, 1894,  page  801,  represents  a  section  of  a  seventy-six-pound 
tee-rail  laid  in  the  Musconetcong  Tunnel,  and  removed  after 
being  laid  five  years,  having  lost  more  weight  by  corrosion  than 
wear.  The  dotted  lines  show  the  original  size  of  the  rail,  and  the 
full  lines  its  present  worn  and  corroded  size,  being  very  marked. 
The  rails  were  removed  on  account  of  the  strength  of  the  rail 
having  been  seriously  affected  by  the  corrosion.  The  tunnel  is 
very  damp,  and  a  great  deal  of  sand  is  used  by  the  engines, 
which  has  kept  the  base  of  the  rail  covered,  the  vibration  caused 

*  Engineering  Magazine,  May,  1894,  Vol.  VII.,  No.  3,  pa^^e  297,  "Preservation 
of  Metals  from  Corrosion  by  Electric  Polarization." 
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ou  the  passage  of  the  train  having  a  tendency  to  remove  the  thin 
scale  of  rust  almost  as  rapidly  as  it  could  be  formed  under  a 
favorable  condition.  Tiiere  was  but  little  apparent  difference  in 
the  corrosion,  whether  between  the  cross-ties  or  where  the  rail 
rested  upon  them. 

In  the  St.  Gothard  Tunnel,  49,168  feet  long,  the  air  remains 
almost  motionless  for  twelve  hours  per  day,  and  though  the  accu- 
mulation of  carbonic  acid 
is  rapid,  and  a  part  of  it  is 
absorbed  by  the  great 
quantity  of  water  present, 
the  air  is  almost  unrespu'- 
able  and  causes  a  gi-eat 
deal  of  distress  to  the  work- 
men, and  the  coiTOsion  of 
all  metal  work  inside  the 
tunnel  is  very  rapid. 

In  the  Arlberg  Tunnel, 
33,587  feet  long,  the  corro- 
sion of  metals  is  very  rapid. 
All  the  metal  work  was  re- 
newed after  ten  vears. 

In  the  new  Simplon  Tun- 
nel, 64,718  feet  long,  forced 
ventilation  is  proposed,  requiring  over  500  horse-power  to  main- 
tain it  at  the  ventilator  shaft,  with  the  fans  working  at  an  effective 
duty  of  Qo  per  cent.,  1,700  cubic  feet  of  air  per  second  being  re- 
quired for  ventilation. 

With  these  facts  before  us,  it  may  be  a  pertinent  question  to 
ask,  how  long  will  the  metal  lining  of  some  of  our  important  sub- 
marine tunnels  last?  notably  that  of  the  unfinished  Hudson Kiver 
Tunnel,  where  the  continuity  of  the  brick  lining  is  wholly  depend- 
ent upon  that  of  the  outside  metal  work,  and  where  the  probable 
effect  of  the  passage  of  a  railway  train  will  be  to  set  up  an  undu- 
lating movement  of  the  whole  tube  resting  in  its  bed  of  soft  salt 
mud. 

The  change  of  cast  iron,  when  sunk  in  the  sea,  to  plumbago, 
ha.s  been  ascertained  to  be  at  a  rate  approximating  six  inches  in 
one  hundred  years,  in  the  case  of  tough,  close-grained,  cannon 
metal. 

The  lining  plates  of  most  tunnel  work  are  less  than  three  inches 
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in  thickness.  Conclusions  as  to  tLe  safety  of  these  marine  con- 
structions for  passenger  transportation  can  be  easily  drawn,  and 
when  the  inevitable  catastrophe  comes  it  will  be  sheer  luck  if  the 
Tay  Bridge  disaster  is  not  repeated  on  a  larger  scale,  with  a  kin- 
dred report  from  the  coroner's  jury,  •'  All  went  in,  but  none  came 
out,  and  we  have  nothing  to  sit  upon."' 

Acids  and  acid  salts,  which  are  capable  of  taking  up  iron  oxides 
into  solution,  still  further  enhance  the  destruction  by  removing 
such  oxides  and  exposing  the  surfaces  of  the  metal  to  a  fresh 
attack  of  the  corrosive  element  ;  but  the  saline  matter  in  solution 
that  exalts  voltaic  action  need  not  be  acid.  Any  ventral  salt  which 
decreases  the  resistance  of  the  water  will  qualify  it  to  act  as  the 
necessary  liquid  medium  of  a  voltaic  circuit.  Sea-salt  is  the  com- 
monest of  all  such  neutral  salts,  together  with  the  other  chlorides 
and  sulphates  of  sea-water.  It  enables  corroding  voltaic  action  to 
be  set  up  on  all  ferric  bodies  immersed  therein  or  in  the  air 
impregnated  with  their  substance. 

llie  Journal  of  the  Society  of  Chemical  Industr)/  (London),  Febru- 
ary 2S,  details  some  experiments  upon  the  galvanic  action  of  sea- 
water  upon  iron  and  steel  structures  in  various  relations  with  each 
other,  as  constructive  parts  of  trusses,  boilers,  etc.,  to  prevent  the 
corrosion  of  which  the  use  of  zinc  and  other  easily  oxidized  metals 
and  alloys  are  suggested,  and  to  be  so  placed  and  connected  to  the 
structure  that  they  will  form  the  electro-positive  element  of  the 
ever-present  galvanic  circuit,  and  by  their  decomposition  protect 
the  structure,  or  at  least  aid  the  paint-coating  in  its  mission  of  pro- 
tection. 

These  protective  features,  proposed  for  the  internal  parts  of  a 
ship,  do  not  apply  to  the  protection  of  the  external  surfaces,  where 
an  entirely  new  set  of  conditions  are  in  force,  owing  to  the  numer- 
ous rivets  employed  to  hold  the  plates  together  and  to  the  frames, 
and  which  are  necessarily  unprotected  from  the  many  sources  of 
corrosion  herein  mentioned,  excep  so  far  as  the  paint  coatings 
may  protect  them.  The  means  taken  for  the  preservation  of  the 
external  surfaces  will  be  considered  further  on  ;  meantime  it  may 
be  well  to  consider  as  many  of  the  difficulties  that  have  to  be  met 
as  possible. 

Mr.  Thomas  Andrews,  F.  E.  S.  S.  L.  and  E.,  M.  Inst.  C.  E.,late 

experiments  reported  to  the  British  Institution  of  Civil  Engineers, 

accompanied  by  an  elaborate  record  of  tests,  in  summarizing  his 

work  on  The  Effect  of  Stress  on  the  Corrosion  of  Metals^  states  his 
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eouclusions  that  wrought  iron  and  various  steels,  when  exposed 
singly  aud  separately',  without  liability  to  galvanic  action  other 
than  local,  under  the  action  of  sea-water  for  long  periods,  showed 
a  greater  corrosion  on  the  part  of  all  the  steels  than  the  wrought 
iron,  the  advantage  in  favor  of  the  iron  compared  with  the  steels 
amounting  to  twenty-live  per  cent,  and  upward.  It  was  also  no- 
ticed that  corrosion  was  increased  in  the  steels  in  proportion  as 
the  percentage  of  combined  carbon  was  greater. 

Abstracts  from  this  paper  are  published  in  the  L^on  Age,  Octo- 
ber 25,  189J:,  Vol.  LIY.,  Ko.  17,  pp.  710,  also  in  The  Practical 
Engineer  (London),  October  12,  1894,  Yol,  X.,  No.  398,  pp.  271. 
The  paper  in  full  is  published  in  Proceedings  of  the  Institution  of 
Civil  Engineers  (English),  Yol.  CXYIIL,  1893-4,  Part  lY.,  pp.  356- 
374,  in  whicli  reference  is  made  to  a  paper  on  the  same  subject  in 
the  Minutes  of  Proceedings  Inst.  C.  E.  (English),  Yol.  LXXXYII., 
pp.  340;  and  Yol.  XCIY,  pp.  180,  and  Yol.  CY.,  pp.  161. 

'*It  has  also  been  found  that  the  galvanic  action  between 
wrought  iron  and  steels  induced  a  largely  increased  corrosion  in 
the  several  metals.  It  was  also  found  that  the  upper  and  lower 
portions  of  a  metal  structure,  or  vessel,  although  composed 
throughout  of  the  same  metal,  were  exposed  to  electrolytic  disin- 
tegration from  the  galvauic  action  set  up  by  solutions  of  different 
salinity  on  the  metal,  conditions  found  almost  constant  in  tidal 
streams,  brought  about  by  the  gradual  rise  and  inflow  of  salt 
water  and  the  outward  flow  of  fresh  water ;  and  there  are  strong 
evidences  to  show  that  magnetic  influence  tends  to  increase  the 
corrosion  of  steel. 

"  The  recorded  experiments  afford  the  additional  information 
that  the  corrosion  of  metals  is  considerably  affected  by  stress, 
varying  according  to  the  nature  and  extent  of  the  applied  strain. 
It  might  be  supposed  that  metals  under  stress  would  be  uiore 
lialjle  to  increased  corrosion  than  when  in  their  normal  state ;  the 
experiments,  however,  indicate  the  opposite  conclusion — that  is, 
when  '  strained '  is  considered  separately  from  '  unstrained  '  metal. 
When,  however,  the  strained  metal  is  in  galvanic  circuit  or  combi- 
nation with  the  unstrained  metal  in  any  solution,  an  increased 
total  corrosion  ensues  from  the  galvanic  action,  which  research  has 
shown  to  arise  consequent  on  the  different  potential  between  the 
two. 

"  Tlie  reason  why  the  mere  fact  of  a  metal  having  been  strained 
reduces   its   corrosibility,  compared  with  the  same  metal  in  its 
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normal  unstrained  condition,  will  be  found  in  the  results  of  tbe  ex- 
perimental research,  Avhicli  demonstrated  that  stress,  whether  ten- 
sile, flexional,  torsional,  or  of  any  other  kind,  considerably  alters 
the  physical  properties  of  both  iron  and  steel,  by  increasing  their 
rigidity  and  rendering  the  metals  harder,  also  greatly  reducing 
their  properties  of  elongation  or  ductility.  It  requires  a  higher 
tonnage  to  break  a  strained  than  an  unstrained  bar  of  the  same 
metal.  A  tensile  stress  applied  to  a  wrought  iron  shaft,  that  pro- 
duces an  elongation  of  only  two  per  cent.,  increases  the  tensile  re- 
sistance of  the  metal  2.66  per  cent. 

"  From  the  observations,  it  was  manifest  that  the  stresses  appHed 
to  metals  examined  for  corrosion  altered  their  structure,  rendered 
them  harder  in  nature,  and  less  liable  while  in  their  strained  condi- 
tion to  be  acted  upon  by  sea-water,  or  other  waters,  than  in  their 
ordinary  normal  or  softer  condition.  The  experiments,  however, 
indicate  that  an  increased  total  corrosion,  in  excess  of  the  normal 
corrosibility  of  the  metal,  occurs  in  a  metallic  bridge,  vessel, 
boiler,  or  other  structure,  from  the  action  of  the  local  galvanic 
currents  which  are  shown  to  be  induced  between  *  strained'  and 
'  unstrained '  portions  of  even  the  same  piece  of  iron  or  steel 
forging,  bar,  or  plate.  Hence  a  strain  occurring  in  a  metallic 
structure  tends,  oivirig  to  the  local  galvanic  action  thus  set  up,  to 
increase  any  corrosive  forces  which  may  be  deteriorating  the 
metal  of  which  it  is  composed." 

From  The  Practical  Engineer,  October  12,  1894,  Vol.  X.,  No.  398, 
page  271,  *' Effect  of  Stress  on  Corrosion  of  Metals,"  referring  to 
Mr.  Thomas  Andrews',  F.K.S.,  experiments  on  this  subject,  and  a 
paper  presented  by  him  in  the  Proceedings  of  the  Institution  of 
Civil  Engineers,  1892,  Vol.  CXIIL,  1893-4,  p.  363 : 

'*  The  details  of  the  experiments  are  fall  of  interest.  Pieces 
of  iron  and  mild  steel  of  known  character  were  submitted  to 
tension,  torsion,  and  flexure  strains,  to  ascertain  the  changes 
made  in  the  metal,  and  if  corrosive  effects  were  in  any  manner 
due  to  stress.  For  tension,  a  bar  was  strained  in  a  testing 
machine  until  an  elongation  was  produced  of  23  per  cent,  in 
three  inches,  and  at  the  point  of  reduced  area  the  bar  was  cut 
in  two. 

"The  halves  were  then  turned  in  the  lathe  down  at  the  shackle 
or  vise  end,  where  they  had  been  subjected  to  little  or  no  stress, 
until  they  had  an  area  equal  to  the  end  half  at  the  point  where 
contraction    of    area   had    occurred,  both  pieces  being   finished 
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exactly  similar,  and  each  piece  represented  a  section  of  strained 
and  unstrained  metal.  They  were  then  placed  at  the  same 
depth  in  a  saturated  solution  of  common  salt  to  approximate 
the  action  of  sea-water  on  metal,  the  immersed  ends  representing 
strained  and  unstrained  metal.  An  electrical  contact  made 
between  the  two  pieces  of  metal,  through  the  medium  of  a 
delicate  galvanometer  (Thomson's),  the  difference  in  potential 
or  corrosibility  could  be  observed.  It  was  found  that  in  each 
case  a  sensible  current  was  set  up  between  the  two  halves  of 
the  specimen ;  the  unstrained  portion  was  in  every  case  found  to 
be  the  electro-positive  element  of  the  pair,  corresponding  to  the 
zinc  in  a  galvanic  couple,  indicating  clearly  that  the  '  unstrained ' 
metal  was  acted  upon  more  rapidly  by  the  solution,  and  thus 
more  easily  corroded  than  the  '  strained '  metal. 

"  The  test  made  with  specimens  after  being  submitted  to  tor- 
sional stress,  representing  a  bar  that  had  been  twisted  through 
an  angle  equal  to  half  a  revolution,  and  prepared  similar  to 
those  in  the  tensile  test,  showed  results  identical  with  the  tensile 
strains.  In  every  instance  the  *  unstrained '  metal  was  the  electro- 
positive element,  and  was  corroded  more  rapidly  by  the  sea- 
water. 

"  This  conclusion  was  further  supported  by  tests  made  with 
iron  and  steel  plates,  when  a  flat  piece  was  compared  with  one 
bent  into  an  U  or  semicircular  trough  ;  the  bent  plate  in  each 
case  proving  to  be  the  one  least  easily  acted  upon  by  the  solu- 
tion." 

The  experiments  throw  an  interesting  light  on  a  subject  which 
has  hardly  received  the  attention  it  deserves,  and  helps  to  explain 
some  of  the  peculiarities  in  connection  with  the  wasting  of  certain 
structures  that  have  been  involved  in  considerable  mystery.  The 
metals  operated  upon  by  Mr.  Andrews  were  large,  rolled  wrought- 
iron  bars  and  hammered  wrouglit-iron  shafts ;  Bessemer  steel  and 
Siemens  steel  forged  shafts ;  also,  large  bars  of  soft  and  hard 
Bessemer  and  Siemens  steels  ;  soft  and  hard  cast-steel,  and  steels 
made  from  each  of  the  metals  aluminium,  nickel,  silicon,  and 
copper.  Experiments  were  also  made  on  rolled  plates  of  wrought- 
iron,8oft  Bessemer,  and  soft  and  hard  Siemens  steel  and  soft  cast- 
iron.  Tlie  cljcmical  compositions  and  general  physical  properties, 
etc.,  of  all  the  metals  are  given  and  tabulated.  All  the  metals 
experimented  upon  were  perfectly  bright. 

'*  General  results  :  '  The  average  electro-motive  force  obtained 
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between    strained  and  unstrained  portions  of  the   same  metal ' 
were  : 


"  Wrought  iron  forged  shafts 0.016  volts. 

Soft  Bessemer  steel    "     O.OlU 

Hard       "  "        "     0.006 

Soft  cast  steel 0.003 

Hard  "      "     0.003 

Silicon  steel 0.004 

Aluminium  steel 0.004 

Nickel  steel 0.003 

Rolled  wrought  iron  bar^ 0.002 

Soft  Siemens  steel 0.005 

Hard       "  "     0.005 

Copper  steel 0.006 

Chromium  steel 0.001 

Bessemer  steel  hammered  forgings 0.011 

Siemens  steel  "  "       0.006 


"  With  cold-drawn  small  steel  rods  in  galvanic  circuit  with  copper 
rods,  similar  results  were  noted,  the  electro-motive  force  between 
strained  and  unstrained  aluminium  steel  being  0.022  volts,  and 
strained  and  unstrained  cast  steel  being  0.023  volts. 

"  In  all  these  tests  the  unstrained  metal  was  the  electro-positive. 
In  the  torsional  tests  the  electro-motive  force  was  notably  higher 
than  in  the  tensile,  also  in  the  flexure,  tests. 

"  These  electric  measurements  ought,  perhaps,  to  be  regarded 
as  tentative  indications,  establishing  a  general  principle,  rather 
than  as  an  absolute  measurement  for  the  purpose  of  accurate 
comparison  of  the  behavior  of  the  various  metals.  The  chemi- 
cal analysis  of  all  the  metals  was  made  prior  to  strainiDg 
them.  These  experiments  extended  from  a  few  seconds  to  over 
ten  days,  in  which  it  was  observed  that  the  difference  in  the 
electro-motive  force  between  strained  and  unstrained  metal 
steadily  declined  from  the  initial  amount,  but  was  in  no  case 
extioguished." 

Valuable  contributions  to  a  knowledge  of  the  phenomena  attend- 
ing the  corrosion  of  metals  have  recently  been  made  by  a  number 
of  eminent  metallurgists  and  electro-chemists.  Among  the  papers 
of  interest  I  refer  to  *. 


^Transactions  Institution  of  Marine  Eno;ineer?>  (Enclish),  May  13,  1890. 
Jlinntes  of  Proceedings  Civil  Engineers  (English),  Vol.  LXXVII.,  p.  323,  and  Vol. 
LXXXIl..  p.  281. 

"Electro- Chemical  Effects  on  Magnetising  Iron,"    Proceedings  Royal  Society, 
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The  recorded  experiments'^  as  to  the  superior  durability  of  cast- 
irou  as  compared  with  wrought-iron,  when  exposed  constantly  to 
the  action  of  sea-water,  appear  to  be  somewhat  conflicting. 

"  Mr.  G.  Hennie's  experiments  in  1886,  on  1-inch  cubes  of 
wrought-iron,  cast-iron,  and  bronze,  with  reference  to  their  eligi- 
bility for  light-house  purposes.  The  cubes  being  previously 
weighed,  were  plunged  into  a  saline  solution  considerably  stronger 
than  sea-water,  viz.  : 


Muriate  of  eoda 123  grains 

Muriate  of  7nagne--ia 25       " 

Muriate  of  lime 6       "        [  Dissolved  in  10^  ounces  of 

Sulphate  of  soda 30       ' 

183 


1. 


Thames  water. 


"  The  cubes  were  taken  out  of  the  water  after  being  immersed  70 
hours  in  se])arate  vessels.  The  cast-iron  was  found  to  have  lost 
"S^Vt  P'"^^"^  ^^  i^^  weight.  The  wrought-iron  had  lost  q-^\-q  of  its 
weight,  being  in  the  proportion  of  2  of  cast-iron  to  1  of  wrought, 
while  the  bronze  had  only  lost  x o-Joir  o^  its  weight,  or  a  result  in 
favor  of  the  bronze  over  cast-iron  as  3  to  1." 

*'  The  cast  and  wrought-iron  cubes,  being  again  accurately 
weighed,  were  again  placed  in  a  strong  solution  of  1  measure  of 
muriatic  acid  to  25  measures  of  Thames  water,  when,  after 
remaining  21  hours,  the  cast-iron  cube  had  lost  ^^  of  its  weight, 
and  the  wrought-iron  only  2^=^  of  its  weight,  being  in  the  propor- 
tion of  8  to  1  in  favor  of  wrought-iron." 

"Mr.R.MallettjM.I.C.E.,  experimented  on  specimens  of  wrought 
and  cast-iron  sunk  in  the  sea;  showed  that  the  amount  of 
corrosion  decreased  with  the  thickness  of  the  metal,  and  that 
from  iV  to  "i^  inch  in  castings  1  iuch  thick,  and  about  j\  inch  of 
wrought-iron,  will  be  destroyed  in  a  century  in  clear  salt  water. 
This  is  equal  to  1.5  to  1  in  favor  of  cast-iron.     Mr.  Mallett's  ex- 

Vol.  XIIL.  p.  429;  Vol.  XLIV.,  p.  153;  Vol.  XLIV.,  p.  176  ;  and  Vol.  LIL,  p. 
114. 

"  On  the  Corrosion  of  Metals  in  Sea-water."  Minvtes  of  Proceedings  Institu- 
tion of  Civil  EnginecTrt  (English),  Vol.  XLXVII.,  p.  323,  and  Vol.  LXXII.,  p.  281. 

"The  Action  of  Tidal  Streams  011  Metals."  Proceedings  Federated  Institu- 
tion of  .Marine  Engineers,  Vol.  I.,  pp.  191.    1890. 

R«'port  of  the  nieeting  of  the  British  Association  for  the  Advancement  of 
Scien«f,  Edinburgh,  1892. 

"The  Wa.sting  and  Protection  of  Iron  in  S«'a-water." 

From  "  Xot»;.s  on  Docks  and  Dock  Construction,"  hy  C.  Colson,  M.  Inst.  C.  P]. 

*  The  Practical  Eaginrj/r,  London,  Oetober  19,  1893.    Vol.  X.,  No.  399,  p.  307. 
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periments,  made  at  Dublin,  showed  that  cast-iron,  freely  exposed 
to  the  weather  and  all  of  its  atmospheric  precipitations,  was  cor- 
roded nearly  as  fast  as  if  in  clear  sea-water,  the  specimens  being 
unprotected  in  both  cases." 

On  the  whole,  it  may  be  considered  conclusive  that  cast-iron  is 
less  liable  to  corrosion  than  wr ought-iron  when  immersed  in  sea- 
water,  or  in  locations  where  the  air  is  cliarged  with  sea-vapors. 
This  is  probably  due  to  the  surface  of  the  cast-iron  being  covered 
with  a  skin  of  silicate  of  protoxide  of  iron,  produced  by  the  molten 
metal  fusing  the  sand  in  the  mould,  as  well  as  to  the  film  of 
magnetic  oxide  of  iron  formed  at  the  same  time  by  oxidation 
of  the  hot  metal. 

Iron  exposed  to  tidal  wash,  and  alternately  wet  and  dry,  is  more 
liable  to  rapid  waste,  unless  well  protected,  than  when  wholly  im- 
mersed in  water  or  wholly  exposed  in  the  air. 

Corrosion  is  accelerated  by  impurities  in  the  water,  and  espe- 
cially by  the  presence  of  decomposing  organic  matters  or  free  acids, 
and  chlorines  discharged  from  many  manufacturing  establish- 
ments, rolling  mills,  blast  furnaces,  paper  mills,  bleacheries,  etc. 
It  is  also  accelerated  by  contact  with  any  other  metal  or  substance 
that  is  electro-negative  to  the  iron,  or  where  two  masses  of  the 
metal  are  in  different  conditions  as  to  density  or  temperature.  In 
general,  hard,  crystalline  iron,  whether  cast  or  wrought,  is  less  cor- 
rosive than  ductile,  soft,  and  fibrous  qualities. 

Examination  of  the  iron  piles  in  the  South  Bassein  bridge  on 
the  Bombay,  Baroda  and  Central  India  Railway  led  to  the  con- 
clusion that  the  greatest  corrosion  in  cast-iron  piles  exists  close  to 
the  low-water  mark,  and  does  not  extend  to  any  considerable 
depth  below  it,  a  conclusion  which  also  applies  to  bolts  and  braces. 
After  an  exposure  of  25  years  the  piles  were  found  in  very  good  con- 
dition, and  corrosion  had  only  occurred  in  places  easily  accessible 
for  renewals  and  repairs.  A  thin  coating  of  mud,  marine  growth, 
and  barnacles,  by  which  the  surfaces  of  immersed  iron  piles  and 
pier  work  are  protected  from  contact  with  fresh  supplies  of  water, 
has  a  tendency  to  retard  corrosion ;  but  when  these  growths 
are  removed,  corrosion  is  increased  at  once. 

Mr.  Kinniple  remarks  "that  after  a  life  of  from  thirt}'  to  fifty 
years,  structures  depending  upon  cast-iron  exposed  to  the  rapidly 
oxidizing  action  of  sea-water  can  only  be  looked  upon  as  of  a 
comparatively  temporary  character,  especially  as  regards  very  light 
cast-iron  pile  structures." 


Ol  (> 
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Au  instance  of  the  effect  of  stress  in  metal  to  induce  corrosion 
is  shown  in  the  cut  and  record,  Transactions  A.  S.  M.  E.,  Yol.  XV., 
1894,  i>aper  No.  DXCYIIL,  p.  1035,  copied  from  Evgineering,  and 
reproduced  here  to  iUustrate  this  corrosive  action.  The  cut  rep- 
resents a  piece  of  a  bar  of  wrought-iron  broken  in  testing,  and 
then  hiid  aside  for  a  number  of  months,  when  the  effects  of  the 
strain  to  whicli  the  piece  had  been  subjected  developed  them- 
selves as  shown. 

As  has  been  i^ointed  out,  in  all  processes  of  corrosion  carbonic 


Fig.   129. 

acid  gas  and  moisture  play  an  important  part,  the  iron  or  steel 
uniting  with  the  carbonic  acid  and  oxygen  of  the  water  to  form 
ferrous  carbonate,  while  the  hydrogen  is  set  free;  and  that  the 
ferrous  carbonate  then  takes  up  oxygen  from  the  water  or  atmos- 
phere, IS  decomposed  into  ferric  oxide  (rust,  Fe^O.s)  and  carbonic 
acid,  which,  being  liberated  in  actual  contact  with  the  moist 
surface  of  the  metal,  carries  on  the  process  of  "rusting"  which 
generally  precedes  fouling  on  exposed  metal  surfaces  in  either  air 
or  fresh  water. 

This  view  of  the  case  lias  been  confirmed  by  many  chemists, 
and  particularly  ],y  Prof.  Crum.  Brown,  in  a  paper  presented  at 
Uie  autumn,  1888,  meeting  of  the  Iron  and  Steel  Institute  at 
i^dinburgl. ;  but  the  rusting  of  the  metal  in  sea-water  has  by  many 
chemists  been  ascribed  to  a  more  complex  action,  in  which  the  salt 
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present  plays  an  important  part  by  first  forming  oxy chloride  of 
iron.  Later  investigations  do  not,  however,  bear  out  this  hypo- 
thesis. When  iron  filiogs  or  turnings  are  exposed  to  the  action 
of  sea-water,  hydrogen  gas  is  evolved  and  ferrous  oxide  and  car- 
bonate are  formed,  and  this  changes,  as  in  air  or  fresh  water,  into 
ferric  oxide,  by  taking  up  oxygen  present  in  the  water.  The  fact 
that  a  few  drops  of  alkali  added  to  the  solution  stopped  the  cor- 
rosion, which  would  not  have  been  the  case  had  oxychloride  of 
iron  been  present,  determines  that  the  simple  rusting  of  ferric 
bodies  in  sea-water  is  due  to  the  same  cause  as  in  fresh — i.e.,  the 
decomposition  of  the  water  by  the  iron  in  the  presence  of  carbonic 
acid. 

The  saline  constituents  of  sea-water,  however,  do  undoubtedly 
play  an  important  part  in  a  more  active  form  of  corrosion  by  help- 
iog  to  excite  galvanic  action  between  the  iron  in  the  plates  and 
any  foreign  metal  or  impurities  present,  an  action  which  is  also 
materially  aided  by  want  of  homogeneity  in  the  metal,  by  par- 
ticles of  rust,  by  mill  scale,  by  wrought  and  cast  iron  or  steel  in 
contact  with  each  other,  or  even  by  the  different  amount  of  work, 
such  as  hammering  or  bending,  undergone  by  different  parts  of  the 
same  plate,  and  in  all  of  tliese  cases  the  galvanic  action  set  up 
causes  rapid  oxidation  of  the  iron  at  the  expense  of  the  oxygen  of 
the  water,  hydrogen  being  evolved. 

It  may  be  therefore  considered  that  on  the  skin  of  a  ship  two 
processes  of  rusting  are  going  on,  the  simple  corrosion  on  exposed 
surfaces  of  tlie  metal,  due  to  the  presence  of  moisture,  carbonic 
acid,  and  free  oxygen,  which  forms  a  fairly  uniform  coating  of 
rust  on  the  metal ;  and  the  more  local  corrosion  due  to  galvanic 
action,  which  results  in  pitting  and  uneven  eating  away  of  the 
plates. 

Rust  cones  are  due  to  the  most  local  form  of  galvanic  action, 
caused  by  the  presence  of  a  speck  of  deposited  copper,  lead,  or 
other  foreign  metal,  or  even  a  small  particle  of  rust  or  mill  scale 
left  on  the  surface  of  the  iron  and  covered  by  the  compositions 
used  as  protectives  and  anti-foulers.  As  soon  as  the  sea-water 
penetrates  to  them,  galvanic  action  is  set  up,  water  is  decomposed, 
rust  formed,  and  the  escaping  hydrogen  pushes  up  the  composi- 
tion, forming  a  blister;  the  hydrogen  leaks  out,  the  water  leaks  in, 
the  action  becomes  more  and  more  rapid,  and  the  blister  gradually 
filling  with  the  result  of  the  action — rnst.  The  blister  bursts,  but 
the  cone  of  rust  has  by  this  time  set  fairly  hard,  and  continues  to 


378  Kl'STLESS    COATTXCS    FOU    IRON    AND    STEEL. 

grow  from  tlio  base,  the  layers  of  rust  being  perfectly  visible  in  a 
well- formed  cone  ;  and  when  the  rust  cone  is  detached,  the  pitting 
of  the  metal  at  the  base  of  the  cone  is,  as  a  rule,  found  to  be  of 
considerable  depth. 

The  speck  of  foreign  matter  which  has  caused  this  destructive 
action  generally  clings  to  the  surface  of  the  iron,  and,  being  at  the 
bottom  of  the  pitting,  escapes  detection  and  removal ;  and  when 
the  vessel,  newly  coated  with  fresh  compositions,  again  goes  to 
sea,  the  corrosion  will  again  probably  be  set  up  in  the  same 
spot. 

The  corrosion  of  the  plates  in  the  interior  of  a  vessel  is  a  subject 
quite  equal  in  importance  to  the  external  action  of  sea-water  and 
dissolved  gases  on  the  metal ;  and  from  the  fact  that  certain  por- 
tions of  the  interior  plates,  from  their  position,  escape  the  fre- 
quent examination  and  attention  bestowed  upon  the  exterior,  it 
becomes  a  still  greater  source  of  danger. 

Corrosion,  like  all  other  forms  of  chemical  action,  is  much 
accelerated  by  increase  of  temperature  ;  and  on  the  bottom  of  a 
ship,  near  the  furnace  room  and  boilers,  this  has  a  considerable 
effect  in  increasing  rapidity  of  rusting.  Also  in  the  coal  bunkers, 
the  mere  contact  of  moist  coal  with  iron  plates  sets  up  galvanic 
action,  carbon  being  electro-negative  to  iron,  and  the  coal  dust 
which  sifts  down  into  the  double  bottom  lends  its  aid  to  the 
destruction  of  the  plates  ;  while  if  th-e  coal  contains  any  "pyrites," 
which  is  nearly  always  the  case,  then  double  sulphides  of  iron  and 
copj)er  are  gradually  oxidized  into  soluble  sulphates  of  the  metals, 
and  these,  washing  down  into  the  bilge-water,  would  at  once  cause 
most  serious  corrosion  should  they  come  in  contact  with  any  bare 
portion  of  the  plates.  Repairs  to  any  portion  of  the  inside  plates 
will  loosen  rust  and  mill  scale,  which,  finding  its  way  into  the 
bottom,  tends  to  set  up  galvanic  action  ;  while  the  scale  of  oxide 
of  copper  from  copper  and  brass  fittings  and  pipes  is  another 
great  cause  of  danger,  as  the  bilge- water  would  gradually  convert 
tliem  into  soluble  salts  which  will  deposit  their  copper  upon  iron 
wlierevor  a  crack  or  abrasion  enables  them  to  come  into  contact 
with  it.  Leakages  from  stores  and  cargo  are  in  many  cases  of  a 
character  highly  injurious  to  the  iron.  The  bilge- water  is  also  in 
constant  motion,  and  the  air  in  the  confined  spaces  of  the  hold  is 
rich  in  carbonic  acid  gas,  and  of  high  temperature,  all  impor- 
tant factors  conducive  to  rapid  rusting,  which  will  be  localized  by 
the  abrasion  of  the  paint  oi*  cement  covering  hy  the  shifting  and 
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movement  of  the  cargo,  stowing  of  stores,  coaling,  and  many  other 
causes  incident  to  the  workiug  of  tlie  ship. 

Comphcated  as  may  be  the  question  of  internal  corrosion  aud 
protection,  that  of  the  outside  presents  problems  of  greater 
apparent  moment,  as  the  corrosive  effects  appeal  more  forcibly  to 
the  observer,  even  if  the  actual  damage  to  the  life  of  the  ship  is 
less  than  the  unseen  corrosion  in  progress  an  inch  away,  but  on 
the  other  side.  This  outside  protection  has  been  attempted  in 
two  ways — by  metallic  and  non-metallic  coatings.  So  far  all 
attempts  at  metallic  coatings  have  proved  failures.  Copper,  tin, 
and  lead  have  been  tried,  but  these  metals  are  electro-negative  to 
the  iron,  and  cause  rapid  corrosion  w^herever  any  abrasion  of  the 
coating  or  damage  to  the  insulating  material  is  had  from  collisions 
with  floating  wa-eckage,  ice,  docks,  coaling  barges,  weighing 
anchor,  and  other  ordinary  causes. 

Zinc  is  practically  the  only  metal  that  can  be  used  to  place  the 
plates  and  metal  work  of  the  ship  in  an  electro-negative  condition, 
and  in  the  use  of  this  there  must  be  galvanic  action,  which  must 
take  place  evenly  all  over  the  surface  of  the  iron  plates,  which 
means  that  the  zinc  sheathing  must  be  in  uniform  metallic  con- 
tact with  the  iron,  otherwise  the  wasting  of  the  sheathiug  miglit 
be  so  rapid  as  to  require  frequent  renewal.  That,  aside  from 
the  question  of  cost,  would  in  many  cases  render  its  application 
impossible. 

Prof.  Yivian  B.  Lewes,"^  in  his  paper,  "  The  Corrosion  and  Foul- 
ing of  Iron  and  Steel  Ships,"  has  exhaustively  set  forth  the  many 
difficulties  encountered  and  the  many  methods  and  materials  em- 
ployed in  furtherance  of  this  subject.  The  length  of  the  paper 
precludes  its  insertion  in  full,  and  the  importance  of  the  matter 
discussed  renders  abridgment  equally  undesirable.  Professor 
Lewes'  deductions  are  not  in  accord  on  many  points  with  other 
writers  or  practice  of  the  day  in  many  marine  yards,  but  in  the 
main  are  eminently  practical  and  instructive,  and  I  draw  freely 
from  the  paper  for  some  of  the  material  presented  here. 

As  before  stated,  the  use  of  copper,  tin,  and  lead  having  been 
found  detrimental  to  the  iron  plates  of  a  ship  by  increasing  the 
corrosive  effect  on  any  immersed  section  of  it,  even  in  fresh  water, 

*  A  paper  read  at  the  thirtieth  session  of  the  Institution  of  Naval  Architects 
by  Prof.  Vivian  B.  Lewes,  F.R.S.,  F.I.C.,  Royal  Naval  College  Associate.  April 
12,  1889;  and  published  in  full,  Scientific  American  Supplement, 'VoX.  XXVIII., 
No.  709,  Augusts,  18S9  ;  pp.  11,320-11,324. 


380  RUSTLESS  COATINGS   FOR   IRON   AND   STEEL. 

zinc  remains  as  practically  tlie  only  metal  tliat  can  be  employed, 
and  it  is  to  this  metal  that  inventors  have  turned  from  time  to 
time,  the  chief  novelties  being  in  tlie  method  of  attach- 
ment. 

As  far  back  as  the  year  1835,  Mr.  Peacock  tried  zinc  plates  on 
the  bottom  of  H.  M.  S.  2Iedea,  and  in  1867  Mr.  T.  B.  Daft  again 
brought  the  subject  forward;  Sir  Nathaniel  Barnaby,  Mr.  Mc- 
Intyre,  and  others  also  suggesting  various  plans  of  attachment. 
In  1888  Mr.  C.  F.  Hen  wood  read  a  paper  before  the  United  Ser- 
vice Institute,  strongly  advocating  zinc  sheeting  as  attached  by 
his  system. 

AVhen  the  galvanic  contact  has  been  but  small,  then  the  sheet- 
ing has  had  a  certain  life,  but  has  afforded  hut  little  2yrotection  to 
the  iron,  and  has  gradually  decayed  away  in  a  very  uneven 
fashion ;  while  in  those  cases  where  galvanic  contact  has  been 
successfully  made,  the  ship  has  on  several  occasions  returned  from 
her  voyage  minus  a  considerable  portion  of  her  sheeting. 

Another  dra^vback  to  the  use  of  zinc  sheathing  is  one  which  was 
found  when  it  was  used  to  coat  wooden  ships,  and  that  is  that 
zinc,  when  in  sheets,  like  every  other  metal,  is  by  no  means  homo- 
geneous, and  that  for  this  reason  the  action  of  the  sea-water  upon 
it,  leaving  out  of  consideration  galvanic  action,  is  very  unevenly 
earned  on,  the  sheeting  showing  a  strong  tendency  to  be  eaten 
away  in  patches,  while  tlie  metal  itself  undergoes  some  physical 
change  and  rapidly  becomes  brittle. 

Attempts  have  been  made  to  galvanize  the  iron  before  the  build- 
ing of  the  ship,  but  Mr.  Mallett  showed,  as  early  as  1843,  that 
this  coating  was  useless  when  exposed  to  sea-water,  as  in  from  two 
to  three  months  the  whole  of  the  zinc  coating  was  converted  into 
chloride  and  oxide  ;  and  that  when,  therefore,  galvanizing  is  used 
care  must  be  taken  to  protect  the  thin  coating  of  zinc.  In  any 
case  the  galvanizing  must  be  done  after  the  plates  are  riveted  up, 
as  any  break  in  the  surface  would  set  up  a  rapid  wasting  away  of 
the  zinc ;  and  the  process  could,  therefore,  be  only  used  on  small 
craft.  Fresh  water  has  less  action  upon  the  zinc  than  sea-water, 
and  for  this  service  galvanizing  could  be  attended  with  some 
measure  of  success,  the  rapid  wasting  of  the  zinc  in  sea-water  be- 
ing due  to  the  salts. 

"  The  non-metallic  coating,  in  the  form  of  paints  and  composi- 
tions which  are  intended  to  do  away  with  corrosion,  have  been 
almost  endless.     At  the  present  moment  there  are  upward  of  fifty 
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in  the  market,  while  the  patent  Hst  of  the  last  fifty  years  contains 
an  enormous  number  which  were  practically  still-born. 
'*  They  may  be  divided  for  convenience  into — 

"  (a)  Oil  paints. 

"  (h)  Pitch,  asphalt,  tar,  or  waxes. 

"  (c)  Varnishes  consisting  of  resins  and  gums  dissolved  in  vol- 
atile solvents. 

"(d)  Varnishes  containing  substances  to  give  them  body. 
"  (e)  Coatings  of  cement. 

"  Before  going  into  these  in  detail,  it  is  necessary  to  consider 
the  condition  of  the  surfaces  to  which  they  will  have  to  be 
applied,  and  the  effect  this  will  have  upon  them. 

"Air  has  the  power  of  holding  water  vapor  in  suspension,  the 
amount  so  held  being  regulated  by  the  temperature  ;  the  higher 
the  temperature  the  more  can  the  air  hold  as  vapor,  while  any 
cooling  of  the  air  saturated  at  the  particular  temperature  causes  a 
deposition  of  the  surplus  moisture.  When  a  ship  in  the  dry  dock 
is  scraped  down  to  the  bare  iron,  there  is  a  large  surface  of  metal 
w^hich  varies  in  temperature  much  more  rapidly  than  the  sur- 
rounding air,  and  cools  more  rapidly  than  the  stone  walls  of  the 
dock ;  and  as  it  cools,  so  it  chills  the  layer  of  air  in  immediate 
contact  with  it,  and  causes  a  deposition  of  the  surplus  moisture  on 
its  surface,  called  '  sweating  of  the  iron,'  and  on  this  moist  sur- 
face the  protective  coating  has  to  be  painted.  If  a  rapidly  drying 
varnish  is  put  on,  the  rapid  evaporation  of  the  volatile  solvent 
causes  another  fall  of  temperature,  which  causes  a  deposition  of 
moisture,  this  time  on  the  surface  of  the  painty  so  that  the  coating 
is  sandwiched  between  two  layers  of  moisture,  both  of  them  prob- 
ably acting  deleteriously  upon  the  resin  or  gum  in  the  varnish, 
while  the  moisture  on  the  iron  prevents  adherence  of  the  varnish 
to  the  metal.  If,  instead  of  a  quick-drying  varnish,  red-lead  and 
linseed-oil  paint  had  been  used,  the  second  deposit  would  not 
have  taken  place,  but  the  sweating  of  the  iron  would  have  pre- 
vented cohesion,  and,  when  dry,  any  rubbing  of  the  coating  would 
bring  it  off  in  strips." 

The  condition  of  the  outer  skin  of  a  ship  while  being  coated 
with  the  protective  compound  is  one  of  the  prime  factors  in  the 
discrepancies  found  in  the  way  in  which  compositions  act ;  it  being 
a  very  usual  thing  for  a  composition  to  give  most  satisfactory 
results  on  several  occasions,  and  then,  apparently  under  exactly 
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similar  circumstances,  to  utterly  break  down,  and  to  refuse  even  to 
keep  on. 

This  feature  will  be  again  referred  to  later  on,  in  the  details  of 
the  test  of  paint  by  the  United  States  Navy  Department. 

Too  much  stress  cannot  be  laid  upon  the  condition  of  the  plates 
at  the  time  of  coating  ;  and  it  is  absolutely  essential,  either  to  have 
a  perfectly  dry  ship,  or  else  a  composition  which  is  not  affected 
by  water.  The  first  condition  could  be  met  in  part  by  housing  the 
dry-dock,  and  the  second  by  the  discovery  of  some  cement  of  a 
hydraulic  character,  that,  unlike  present  known  samples,  would 
not  be  porous  and  rigid  when  applied,  but  would  possess  sufficient 
elasticity  to  conform  to  the  many  changes  in  temperature  that  a 
ship  must  ever  be  subject  to  in  seas  and  waters  of  varying  densities, 
as  well  as  from  the  air  and  the  heat  generated  in  the  working  of 
the  ship. 

The  difficulty  of  obtaining  adequate  experimental  data,  and  the 
fact  that  nearly  everj^  one  who  has  worked  upon  the  subject  has 
had  a  composition  of  his  own  to  bring  before  the  public,  and  the 
interchange  of  ideas  between  the  various  inventors  and  the  authori- 
ties in  the  various  commercial  marine,  and  government  navy 
yards,  has  been  so  hampered  and  restrained,  that  at  the  present 
time  but  scant  progress  has  been  made  on  this  most  important 
question,  beyond  the  point  reached  twenty  years  ago ;  and  the 
object  in  bringing  this  paper  at  length  before  the  A.  S.  M.  E.  is 
to  invite  discussion,  and  to  bring  some,  if  not  all,  the  data  down 
to  date,  or  as  near  it  as  possible,  rather  than  to  bring  forward  any 
new  or  startling  discoveries.  The  multiplication  of  iron  and  steel 
structures,  other  than  the  merchant  and  naval  marine,  is  increasing 
so  rapidly,  and  the  methods  taken  for  their  preservation  appear 
to  be  so  hap-hazard,  that,  late  in  the  day  as  it  may  appear  to 
be,  it  is  yet  early  enough  to  set  ourselves  right  on  this  matter,  as 
we  have  done  in  the  mill-scale  evil,  and  as  we  have  yet  to  do  in 
the  anti-fouling  methods,  when  the  start  originally  made  in  an 
obviously  wrong  direction  has  to  be  corrected  after  the  useless  loss 
of  millions  of  treasure. 

It  is  often  noticed,  on  breaking  up  old  iron  ships,  on  the  back  of 
the  plates,  the  numbers  and  sizes  and  other  marks  painted  on  them 
with  white  lead  and  linseed  oil  before  the  ship  was  built,  and  under 
these  paint  marks  the  iron  is  found  in  a  perfect  state  of  preserva- 
tion, thf;  secret  being  that  tlie  paint  was  put  on  while  the  plates 
were,  if  not  hot,  at  least  warm  and  dry. 
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The  same  is  also  noticed  where  red  lead  and  linseed  oil,  and 
lamp-black  and  linseed  paints  are  used  ;  the  instances  of  failure 
with  all  these  paints  being  distinctly  traceable  to  cases  where  the 
plate  was  wet  or  damp  at  the  time  of  marking,  or  that  the  paint 
was  impure  in  either  the  oil  or  ]>igment,  or  both. 

Among  the  oldest  protective  compositions  in  use  is  boiled  linseed 
oil  mixed  with  white  lead  (a  carbonate)  and  red  lead  (an  oxide), 
both  of  which  have  shown  remarkable  instances  of  endurance  and 
permanency  and  resistance  to  corrosion  in  atmospheres  charged 
with  corrosive  gases,  moisture,  sea-air,  etc.  Of  these  two  pig- 
ments, the  white  lead  is  the  most  subject  to  change,  sulphurous 
acid,  gases,  and  fumes  changing  the  carbonate  to  a  sulphate  of 
lead,  easily  decomposed  or  broken  down  by  moisture  and  washed 
out  by  rain. 

M.  Jouvin,  of  the  French  navy,  as  well  as  some  English  and 
other  French  experimental  authorities,  claim  that  compounds  of 
lead  (of  which  there  are  many),  when  exposed  to  the  wasting  of 
the  vehicle  by  the  action  of  sea-water,  are  converted  into  chloride 
of  lead,  and  this  is  acted  upon  by  the  iron,  forming  chloride  of 
iron,  and  depositing  lead,  which  carries  on  the  rapid  corrosion  of 
the  iron  by  galvanic  action.  I  think  this  effect  has  been  caused 
when  white  lead  and  red  lead  have  been  mixed  together  with  some 
otlier  inert  substance  to  form  the  lead  pigment  employed ;  and  as 
many  of  the  usual  pigment  compositions  only  unite  mechanically 
with  the  oil  and  do  not  chemically  combine  with  it,  the  cause  of 
failure  to  protect  might  have  been  foreseen  from  the  start.  White 
lead  of  itself  does  not  chemically  combine  with  linseed  oil,  either 
raw  or  boiled,  and  as  a  sequence  is  more  subject  to  change  or 
decay  than  red  lead ;  and  auy  admixture  of  white  lead  with  red 
lead  as  a  protective  covering  to  any  iron  body  is  an  element  of 
weakness  to  the  pigment,  and  consequently  to  the  paint,  and  not 
as  good  as  barytes  or  silica,  which  in  their  natural  state  resist 
moisture,  gases,  and  most  of  the  weak  acids,  and  do  not  change 
their  nature  in  this  respect  by  the  process  of  grinding,  either  alone 
or  with  red  lead  for  a  pigment. 

Professor  Lewes  and  many  other  experimental  chemists  and 
writers  ignore  the  fact  that  pure  red  lead  and  linseed  oil,  either 
raw  or  boiled,  chemically  combine  with  each  other  and  form,  as  but 
few  other  substances  do,  a  compound  that  possesses  the  power  of 
absorbing  oxygen  from  the  atmosphere  for  months  and  possibly 
years,  until  the  increase  in  weight  reaches  from  seven  to  eight  per 
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cent. ;  also,  the  other  remarkable  property  of  "  setting,"  an  action 
similar  in  many  respects  to  the  "  setting  "  of  hydraulic  cement  and 
hvdrated  gypsum  when  mixed  with  water.  This  setting  process, 
once  commenced,  cannot  be  broken  up  or  disturbed  without  ruining 
the  product. 

This  "  setting  "  of  red  lead  is  due  to  two  chemical  reactions ; 
namely,  a  combination  between  the  litharge  of  the  red  lead  and 
the  glycerine  of  the  oil,  and  also  a  combination  between  the 
litharge  and  the  fat  acids  of  the  oil,  resulting  in  the  formation  of  a 
lead  soap.  It  is  well  known  that  red  lead  and  glycerine  make 
a  very  hard  and  good  cement,  and  it  is  also  known  that  lead  soap 
is  quite  a  firm  substance  ;  so  that  it  is  possible  that  both  of  these 
reactions  may  take  place,  and  if  so,  they  explain  the  setting  of  red 
lead.  No  other  pigments,  other  than  those  prepared  from  the 
oxides  of  lead  and  manganese,  possess  this  power  of  "  setting," 
whatever  other  qualities  they  may  possess  for  pigments. 

Another  well-defined  quality  in  red  lead,  and  which  places  it  at 
the  head  of  the  list  of  materials  for  anti-corrosive  purposes,  is, 
that  when  pure  and  applied  with  linseed  oil  and  allowed  to  set  and 
dry  properly,  or  when  aj)plied  dry  to  the  clean  surface  of  iron  or 
steel  and  allowed  to  remain  for  a  few  months,  it  oxidizes  the  sur- 
face of  the  metal  to  a  slight  extent,  forming  thereon  the  black  or 
magnetic  oxide  of  iron  (Fe304),  which  is  non-corrosive  and  unlike 
its  immediate  neighbor,  FcaOs,  the  red  oxide  of  iron,  or  red  rust. 

A  few  other  substances  also  possess  this  magnetic  oxide  or  non- 
corrosive  forming  power ;  namely,  pyrolusite,  or  manganese  dioxide 
ore,  the  bichromate  of  potash,  chromate  of  lead,  and  some  others, 
that  are  coming  into  use  for  anti-corrosive  paint  compounds,  and 
whose  future  use  for  this  purpose  is  assured. 

Professor  Lewes  cites  the  case  of  H.  M.  S.  NUe^  which,  after 
being  painted  with  red  lead,  was  moored  some  months  in  Milford 
Haven,  with  the  result  that  her  bottom  was  seriously  corroded, 
and,  on  examination  of  specimens  of  rust  taken  from  her,  the 
crystals  of  metallic  lead  were  easily  identified.  This  would  be  an 
important  case  if  one  but  knew  under  what  conditions  the  ship  was 
painted ;  whether  over  old  composidons  only  partly  removed,  or 
whether  the  iron  was  clean  and  bright,  and  if  the  paint  was  applied 
on  sunny,  bright  days  or  in  damp  and  foggy  weather  with  a  sweat 
coat  between  the  iron  and  the  paint,  and  between  the  coats  of 
paint,  or  the  ship  put  into  the  water  before  the  paint  was  dry; 
furthermore,  was  the  red  lead  pure,  or  did  it   contain  a  liberal 
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amount  of  brick  dust?  and  the  linseed  oil,  Low  heavily  was  that 
charged  with  buffum  ?  One  swallow  does  not  make  a  summer. 
To  offset  this  example,  I  cite  that  the  Department  of  Construction 
and  Eepair  for  the  United  States  Navy  have  lately  placed  the 
splendid  cruiser  New  York  at  the  mercy  of  a  red  lead  paint,  by 
scraping  her  to  the  clean  iron  and  applying  that  paint  for  the  anti- 
corrosive  compound,  and  this  with  the  experience  of  the  whole 
world  in  view  to  select  from,  and,  as  will  be  seen  later  on  in  the 
report  of  paint  tests  for  the  United  States  Navy,  they  are  well 
justified  in  their  actioD. 

The  second  class  of  protectives,  consisting  of  tar  and  tar  prod- 
ucts, such  as  pitch,  black  varnish,  asphalt,  and  mineral  waxes,  are 
among  the  best  protectives ;  the  waxes  especially  not  being 
affected  by  the  '^  sweating,"  and  form  durable  coatings  for  the 
plates.  In  the  case  of  tar  and  tar  products,  and  particularly  those 
products  from  coal-tar,  which  are  liable  to  contain  small  quantities 
of  acids  and  ammonia  salts,  if  care  be  taken  to  eliminate  these, 
and  if  it  could  be  managed  to  apply  this  class  of  protectives  hot 
to  warm  plates,  the  question  of  protection  would  be  practically 
solved  ;  bituminous  and  asphaltic  substances  forming  an  enamel  on 
the  surface  of  the  iron  which  is  free  from  the  objections  raised 
against  other  protectives,  that  is,  that  being  microscopically 
porous  they  are  pervious  to  water. 

These  tar  and  coal-tar  products,  by  a  new  method  of  oxidizing 
them,  are  changed  from  a  hard  and  vitreous  coating  to  an  elastic 
one  resembling  caoutchouc,  that  enables  them  to  meet  minor  acci- 
dents of  abrasion  without  destro3^ing  the  adherence  of  the  coating 
to  the  iron,  and  appear  to  be  capable  of  receiving  and  holding 
about  all  the  substances  of  nastiness  in  smell  and  taste  that 
inventors  have  considered  necessary  to  incorporate  into  their 
mixtures  in  order  to  render  them  anti-fouling. 

The  third  class  of  protectives  consists  of  varnishes  formed  by 
dissolving  gums  or  resins  in  volatile  solvents,  such  as  turpentine, 
naphtha,  fusil  oil,  bisulphide  of  carbon,  etc.  Such  varnishes  are 
open  to  several  objections;  they  are  acted  upon  by  moisture, 
which  causes  a  deposition  of  the  resins  or  gums  as  a  non-coherent 
powder  and  destroys  the  tenacity  of  the  varnish.  This  action 
depends  a  great  deal  upon  the  proportion  of  the  solids  to  the 
solvent.  If  the  resin  or  gum  is  comparatively  small  then  the  mois- 
ture will  have  little  effect  on  the  coating  after  it  is  dry,  but  in  the 
drying  process  the  evaporation  of  the  comparatively  large  quantity 
25 
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of  volatile  solvent  reduces  the  temperature  of  not  only  the  metal 
but  the  surrounding  air,  and  a  deposition  of  moisture  is  had  on  the 
green  coating  that  produces  disastrous  results. 

A  coating  of  varnish  is  thought  to  be  perfectly  homogeneous, 
but  the  microscope  shows  it  to  be  fall  of  minute  capillary  tubes, 
which  are  gradually  enlarged  by  their  shrinkage  in  drying  and  by 
the  action  of  moisture,  and  finally  result  iu  the  destruction  of  the 
coating.  The  application  of  several  coats  of  varnish  tends  to 
diminish  this  evil,  as,  in  general,  the  holes  in  the  second  coat  will 
not  correspond  with  those  in  the  first,  and  each  succeeding  coat 
will  tend  to  make  the  protective  coat  more  and  more  impervious. 
In  using  such  varnishes  they  should  only  be  applied  in  favorable 
weather,  and  each  coat  must  be  allowed  to  harden  well  before  the 
next  one  is  applied,  and  all  must  be  thoroughly  hardened  before 
being  brought  into  contact  with  the  water. 

In  the  fourth  class,  varnishes  to  which  body  is  given  by  the 
addition  of  foreign  constituents,  generally  mineral  oxides  ;  and  this 
class  is  preferable  to  the  third  class,  if  the  solvent  or  vehicle  used 
is  not  too  rapid  in  its  evaporation  (which  is  seldom  the  case),  and 
if  care  is  taken  to  select  substances  which  do  not  themselves  act 
injuriously  upon  iron,  or  upon  the  gums  and  resins  which  bind  them 
together,  and  are  also  free  from  any  impurities  wliich  could  do  so. 

The  substance  generally  used  to  give  body  and  color  to  such 
varnishes  is  the  red  oxide  of  iron,  Fe203 ;  the  color  of  which 
effectually  masks  any  rusting  which  may  he  in  progress  under  it, 
even  if  it  is  not  contributing  to  the  corrosion,  or,  in  fact,  the 
inaugural  and  prime  factor  in  the  case.  Red  oxide  of  iron 
contains  free  sulphuric  acid  and  soluble  sulphates  as  common 
impunties,  which  are  extremely  injurious,  and  greatly  increase 
the  rate  of  corrosion.  The  finest  colored  oxides,  as  a  rule,  are  the 
worst  offenders  in  this  respect,  as  they  are  made  by  igniting 
green  vitriol,  or  copperas  (sulphate  of  iron);  and  in  most  cases  the 
whole  of  the  sulphuric  acid  is  not  driven  off,  as  the  heat  necessary 
to  do  this  impairs  the  color.  This  acid  is  often  neutralized  by 
washing  the  oxide  with  a  dilute  soda  solution;  but,  as  a  rule,  no 
steps  are  taken  to  wash  it  free  from  the  resulting  sulphate  of  soda 
which  is  left  in  the  oxide.  Another  plan  to  remove  the  sulphuric 
acid  from  the  oxide  consists  in  mixing  carbonate  of  lime  (common 
chalk;  witli  the  oxide,  forming  sulphate  of  lime,  an  inert  substance, 
and  much  used  as  a  pigment  in  cheap  paints.  Fully  hydrated 
sulphate  of  lime  (gypsum)  is  often  added  to  the  ground  oxide  of 


RUSTLESS   COATINGS   FOR   IROX   AND   STEEL.  387 

iron  colors  to  the  amount  of  forty-five  per  cent.,  by  weight,  with  the 
view  of  not  only  giving  body  to  the  paint  and  cheapeuing  its 
cost,  but  in  a  measure  to  neutralize  the  corrosive  action  of  the 
oxide  by  turning  some  of  its  corrosive  energy  from  the  metal  to 
the  pigments,  oils,  and  solvents  that  bind  them.  An  analysis  of 
an  oxide  of  iron  of  an  exceptionably  fine  color  showed  over  fifteen 
per  cent,  of  sulphate  of  soda.  As  this  sulphate-like  talc  (steatite 
or  soapstone),  feldspar  (decomposed  mica,  granite,  gneiss,  and 
basalt),  kaolin  (pipe  clay)  are  all  broken  down,  or  decomposed  from 
their  mineral  condition  by  water,  they  never  lose  their  tendency 
to  descend  still  lower  in  the  plane  of  oxidation  in  the  presence  of 
moisture ;  and  their  use  in  a  paint  compound,  whether  for  ferric 
or  otlier  structure,  can  in  no  manner  add  to  their  protection,  or 
afford  but  little  durability  to  the  paint. 

Hematite  ore,  calcined  at  a  high  temperature,  is  generally  free 
from  sulphur  compounds,  but  it  frequently  contains  as  high  as 
forty  per  cent,  of  alumina  (clay)  that  is  soluble  in  water,  and  objec- 
tionable for  the  same  reasons  as  above.  There  are  iron  oxide 
paints  advertised  strongly  for  pigments  as  containing  over  seventy 
per  cent,  of  metallic  iron  in  the  form  of  sesquioxide,  Fe^Og ;  but  the 
principal  paint  chemists,  that  buy  and  use  paints  instead  of  selling 
them,  unite  in  condemning  any  oxide  color  that  contains  over  fifty 
per  cent,  of  sesquioxide. 

A  ready  test  for  soluble  sulphates  in  red  oxide  of  iron  is  to 
w^arm  a  little  with  pure  water,  filter  through  blotting-paper,  and 
add  to  the  clear  solution  a  few  drops  of  hydrochloric  acid,  and  a 
little  of  a  solution  of  chloride  of  barium  (both  obtained  at  any 
drug-store).  If  a  white  sediment  forms  in  the  solution,  the 
sample  should  be  rejected.  Sulphur  in  any  form,  either  in  the 
roll,  dry  as  a  flour,  or  in  a  liquid  form,  as  sulphurous  or  sulphuric 
acid,  or  in  the  vapors  arising  from  its  combustion,  is  an  enemy  of 
all  ferric  bodies,  as  well  as  to  oil  and  solvent  compounds  called 
paints  and  varnishes.  If  the  pigments  are  capable  of  resisting 
the  presence  of  sulphur,  the  oils  and  solvents  are  not,  and  are 
quickly  decomposed,  and  allow  the  moisture  from  the  air  or  water 
to  so  reduce  their  bond  to  the  material  that  they  cover  as  to  be 
easily  removed,  even  if  they  do  not  fall  off  of  their  ow^n  accord. 
There  are  paint  compounds  on  the  market,  specially  designed  and 
advertised  as  anti-corrosive,  that  contain,  as  the  principal  solvent 
of  the  pigment  employed,  bisulphide  of  carbon,  CS^  (made  by  pass- 
ing the  vapor  of  burning  sulphur  over  ignited  charcoal  or  coke), 
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that  contains  bv  analysis  from  six  to  ten  per  cent,  by  weight, 
of  sulphur,  and  whose  smell  during  the  a|)plication  of  the  paint 
is  strong  enough  to  almost  drive  the  workmen  out  of  a  dry -dock; 
and  yet  such  paints  are  bought  at  high  prices  per  gallon,  and  used 
with  a  calm  trust  that  corrosion  is  to  be  a  thing  of  the  past.  In 
fact,  there  are  but  few  of  the  compositions  that  struggle  through 
the  different  patent  offices  of  the  world  as  anti-corrosive  com- 
pounds that  do  not  contain  sulphur  in  some  form  or  other  as  one 
of  their  ingredients,  else  some  of  the  numerous  substances  whose 
union  in  the  pigment  form  galvanic  couples,  that  begin  not  only 
the  work  of  destruction  upon  themselves  but  upon  the  liquid  that 
bonds  them;  also,  of  the  metallic  surface  that  they  cover  and  are 
supposed  to  protect. 

The  fifth  class  of  protectives,  cement  coatings  for  the  protection 
of  the  external  skin  of  vessels,  in  the  form  of  vitreous  glazes,  glass, 
etc.,  have  entirely  been  abandoned.  Hydraulic  cement,  however, 
is  used  successfully  to  a  great  extent  upon  the  inner  portions  of 
the  hull,  and  will  be  considered  further  on.  Its  weight  and  diffi- 
culty of  attachment,  as  well  as  the  porous  character  of  the 
covering,  even  when  externally  coated  with  a  silicate  or  paint 
compound,  render  it  unfit  for  outside  ship  work. 

The  protective  coverings  for  the  outside  or  bottom  of  ships  appear 
to  rank,  {h)  pitch  asphalt,  tar,  and  waxes  ;  (d)  varnishes  containing 
substances  to  give  them  body,  i.  e.,  oxide  of  zinc  and  oxide  of  lead 
either  alone  or  in  combination  with  each  other  ;  {a)  pure  red 
lead  and  linseed  oil  paint.  The  conditions  under  which  any  of 
these  compounds  can  be  applied  with  a  fair  measure  of  trust  in 
their  effectiveness  are  :  that  the  compound  should  not  be  too 
thick  to  spread  well,  and  should  be  well  worked  with  the  brush 
to  the  surface  of  the  metal  that  it  covers;  that  the  air  should  be 
as  dry  as  possible,  and  the  plates  of  the  ship  not  only  free  from 
mill  scale,  but  clean  and  free  from  all  oil  and  dirt  due  to  machin- 
ing processes,  handling,  scaffolding,  also  from  any  indication  of 
sweating  ;  and  if  the  plates  can  be  warmed  either  by  the  sun  or  by 
artificial  heat,  the  better  will  be  the  result.  Too  much  dryer  in 
the  form  of  volatile  solvents  must  not  be  used.  A  paint  that 
dries  in  four  hours  cannot,  in  the  natural  course  of  things,  be 
as  good  as  one  that  dries  in  as  many  days.  If  the  plates  and 
frames  have  been  galvanized  by  either  the  hot  or  cold  process, 
then  tlio  pnncipal  pigment  in  the  composition  must  be  oxide  of 
zinc,  in  order  that  any  gdvanic  action  due  to  immersion  in  the 
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sea  water  may  be  at  the  expense  of  tlie  renewable  zinc  in  the 
pigment,  instead  of  the  zinc  coating  on  the  metal ;  and  the  pig- 
ments used  with  the  zinc  oxide,  to  give  body  to  the  paint,  must  be 
ground  barytes,  or  silica,  both  neutrals  electrically,  and  neither 
are  broken  down  by  moisture  as  the  other  above-mentioned  pig- 
ments are. 

The  causes  and  extent  of  the  internal  corrosion  of  ships  have 
been  referred  to  hereinbefore,  and  the  main  classes  of  protec- 
tives  are,  (1)  cement?,  (2)  bituminous  coatings,  (3)  paints. 

The  rigidity,  firmness  of  adherence,  and  endurance  of  cement 
coatings  are  all  points  of  the  greatest  advantage;  the  silicates 
present  in  the  cement  not  only  bind  it  into  a  mass  of  wonderful 
hardness,  but  also  bind  it  to  the  iron.  A  drawback  to  the  use  of 
cement  consists  in  its  porosity,  that  allows  it  to  be  permeated 
by  gases  and  liquids ,  and  if  by  any  accident  copper  scale  or  scrap 
from  the  interior  fitting  reaches  the  warm  bilge  water,  charged 
as  it  ever  is  with  more  or  less  sulphurons  and  other  acids  from 
the  coal  bunkers  and  ash  pits,  and  carbonic  acid  gas,  the  soluble 
salts  of  copper  thus  formed  will  soak  through  the  cement, 
deposit  the  copper  upon  the  iron  skin  or  frame,  setting  up 
galvanic  action,  corroding  the  iron,  the  formation  of  the  rust 
loosening  and  pushing  up  the  cement,  and  allowing  corrosion  to 
extend  its  area  and  depth  with  but  little  or  no  sign  of  the  damage 
taking  place  below  it. 

The  hardness  and  rigidity  of  the  cement  give  it  a  tendency  to 
flake  off  from  the  iron  under  strains  due  to  the  expansion  and 
contraction  of  the  metal,  mechanical  injuries  from  stowage  of 
cargo  and  stores,  repairs  to  the  vessel,  riveting,  etc.  These 
injuries,  though  local  or  of  minor  extent,  become  starting  points 
for  corrosion  that  generally  becomes  serious  before  discovery, 
owing  to  their  location  in  the  confined  spaces  of  the  ship  where 
inspection  is  ditticult. 

The  quality  of  the  cement  used  has  much  to  do  with  its 
effectiveness  as  a  coating.  As  a  rule,  but  little  attention  is  given 
to  the  quality  of  the  cement  used,  or  to  the  manner  of  preparing 
it  for  coating,  or  the  length  of  time  between  its  preparation  and 
application,  all  points  of  extreme  importance  to  secure  a  good 
result,  but  all  in  sreneral  left  to  the  care  of  the  lowest  irrade  of  labor 
about  the  ship-yard  ;  and  the  precautions  that  the  builder  of  a 
common  sewer  would  insist  upon  to  get  a  good  job  are  ignored, 
though  the  comparative  interests  involved  are  as  thousands  to  one. 
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For  the  above  reasons  it  is  considered  that  bituminous  or 
asphaltic  varnishes  properly  prepared  by  being  freed  from  any 
acids  that  are  present  in  their  crude  state,  and  if  these  can  be 
applied  hot  to  warm  metal,  are  far  superior  to  cement  coatings 
for  the  internal  work  of  a  ship ;  also  red-lead-pyrolusite  and 
other  tough  paints  free  from  oxides  of  iron  form  effective  coat- 
ings, preference  being  given  to  the  lighter  colors,  as  corrosion, 
if  set  up,  is  quickly  discovered  and  easily  repaired.  If  the 
frames  and  interior  fittings  of  the  ship  have  been  galvanized, 
then  the  precautions  mentioned  for  like  cases  on  the  external 
portions  must  be  observed. 

As  Prof.  Lewes  fittingly  states  :  "When  approaching  the  sub- 
ject of  fouling,  one  is  impressed  with  the  apparent  hopelessness 
of  obtaining  any  reliable  information  from  the  successes  or  fail- 
ures registered  by  the  bottoms  of  vessels  in  the  naval  service  or 
in  the  merchant  marine.  Hundreds  of  ships  have  been  exam- 
ined, the  condition  and  nature  of  the  compositions  used  upon 
them  registered,  and  just  as  one  begins  to  feel  that  the  key  to 
the  mystery  of  fouling  is  within  one's  grasp,  a  whole  series  of 
results  so  abnormal  suddenly  comes  to  light  that  it  seems 
impossible  to  reconcile  them  with  one's  previous  experience.  A 
ship  may  sail  half  a  dozen  times  to  the  same  waters,  coated 
with  the  same  composition :  on  four  occasions  she  will  come 
home  clean  and  in  good  condition,  while  on  the  other  two 
voyages  she  will  accumulate  an  amount  of  weed  and  animal  life 
sufficient  to  knock  down  her  speed  from  nine  knots  to  five. 
Moreover,  if  the  compositions  with  which  she  was  coated  be 
examined,  and  scrapings  taken  from  her  on  her  return,  no  cause 
will  present  itself  that  can  in  any  way  explain  the  great  differ- 
ence in  her  condition. 

''After  several  years  of  close  observation,  however,  certain 
factors  begin  to  establish  themselves.  Shij^s  at  sea  from  March  to 
August  sliow  a  worse  average  than  those  afloat  from  August 
to  March.  Fouling  also  increases  if  the  ship  has  been  long  at 
anclior  in  the  same  port.  Ships  lying  at  the  mouths  of  rivers, 
althougli  (juito  clean  in  the  brackish  water,  foul  much  more  rap- 
idly on  going  to  sea  than  vessels  which  liave  been  cruising,  or 
even  at  anclior,  for  the  same  time  in  salt  water  ;  and  certain  ports 
and  certain  seas  seem  to  exercise  a  deleterious  effect,  both  as 
regards  corrosion  and  fouling,  not  to  be  found  elsewhere. 

'*  The  naval  history  of  the  past  shows  that  fouling  is  no  new 
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trouble  born  with  the  advent  of  iron  vessels,  but  that  it  has 
been  the  one  trouble  that  the  combined  engineering  and  scien- 
tific skill  of  many  centuries  has  been  unable  to  overcome. 

"  With  wooden  ships,  metallic  copper  sheathing,  if  it  were  of 
the  best  kind,  answered  the  purpose  fairly  well ;  but  the  copper 
wasted  so  fast  that  inferior  brands,  containing  iron,  zinc,  lead, 
and  other  alloys,  were  substituted  to  reduce  the  loss,  and,  with 
the  slowing  down  of  the  destruction  of  the  copper,  fouling  at 
once  returned." 

When  iron  ships  began  to  replace  wooden  ones,  attempts  were 
made  to  utilize  the  metal  which  had  before  given  relief ;  but 
galvanic  action  was  at  once  set  up  by  the  copper,  which  was  fatal 
to  the  iron  plates  of  the  ship.  Attempts  were  then  made  to 
sheathe  the  ship  with  copper  insulated  from  the  iron  plates  by 
wooden  planking  and  other  substances,  which,  notwithstanding 
the  difficulty  of  application  and  risk  to  the  vessel  from  accidental 
injury  to  the  insulating  material,  has  been  attended  with  bene- 
ficial results,  and  in  the  future  will  be  more  extensivelv  em- 
joloyed,  especially  for  vessels  navigating  tropical  waters,  where 
the  cost  and  inconvenience  of  docking  is  each  year  becoming 
more  and  more  expensive,  as  instanced  lately  in  the  United 
States  naval  vessel  Bennington,  that  in  two  successive  trips  of 
688  miles,  between  Acapulco  and  Libertad,  made  with  a  com- 
paratively clean  bottom  and  a  foul  one,  show^ed  the  following 
record : 

First  trip  made  in  86  hours,  at  an  average  speed  of  7.85  knots, 
with  67  tons  of  coal  consumed,  at  $21.70  per  ton,  or  $1,453.90  fuel 
account  for  the  trip  ;  second  trip,  average  speed  6.20  knots,  with 
129  tons  of  coal  consumed,  costing  $2,799.30.  In  the  first  case, 
one  ton  of  coal  was  equivalent  to  a  run  of  10  miles,  in  the  other 
case  to  o  33  miles.  Other  records  show  similar  results  ;  and  it  is 
not  unusual  for  vessels  to  cruise  from  Montevideo  Station  to 
Cape  Town,  Africa,  for  the  purpose  of  being  docked,  being 
absent  fi'om  their  stations  for  months,  and  entailing  a  great 
expense  for  coal,  aside  from  the  usual  expenses  attending  their 
commission. 

*'  Early  in  the  history  of  iron  ship  building,  coatings  of  paint 
were  used,  so  prepared  as  to  fulfil  approximately  the  same  func- 
tions that  the  copper  plates  had  done. 

"  The  first  patent  for  a  paint  of  this  character  was  issued  in 
1840  ;  and  at  the  present  day  there  are  some  fifty  different  compo- 
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sitions  ou  the  market-,  the  best  of  which,  under  favorable  con- 
ditions, caimot  be  rehed  upon  to  keep  the  ship  fairly  free  from 
foulinf^  bevoud  nine  months  ;  and  it  is  possible  that  the  reason  of 
this  is,  tliat  a  start  was  originally  made  in  the  wrong  direction. 

'•  The  idea  from  which  has  been  developed  the  present  class  of 
anti-fouliug  compositions  was,  that  the  copper  salts,  formed  by 
action  of  sea-water  on  the  metallic  sheathing,  owed  a  considerable 
portion  of  their  value  as  anti-foulers  to  the  poisonous  action  they 
exerted  upon  marine  animal  and  vegetable  growths ;  but  the  study 
of  the  natural  history  of  these  lower  forms  of  animal  life  and 
vegetation  shows  that  it  is  only  in  the  early  stages  of  their 
growth — the  germ  period — that  metallic  poisons  can  affect  them. 

"Sea-weeds  do  not  take  in  the  constituents  required  for  their 
growth  by  means  of  their  roots,  as  is  to  a  certain  extent  the  case 
with  ordinary  plants,  but  absorb  them  by  means  of  their  pores 
from  the  water  itself,  the  root  only  serving  to  attach  them  to  the 
solid  they  choose  for  their  resting  place  ;  and  when  a  marine  plant 
that  has  passed  the  first  stages  of  existence  is  torn  from  its  sup- 
port, it  cannot  re-attach  itself  to  anything,  while  most  of  the 
mineral  poisons  have  little  or  no  effect  upon  their  life  and 
growth. 

"  With  animal  life  found  on  a  ship's  bottom,  the  under  side  is 
used  to  cling  on  with  only,  and  not  as  an  extractor  of  nourish- 
ment ;  therefore,  after  the  seeds  and  germs  have  once  attached 
themselves  to  the  ship,  no  amount  of  poison  that  can  be  put  into 
a  composition  will  have  any  effect  upon  them.  Metallic  poisons 
undoubtedly  do  exert  an  influence  upon  the  germs  in  their  earli- 
est stages  ;  but  after  that  they  are  perfectly  useless  as  anti-foulers, 
and  only  imperil  the  plates  of  the  ship.  The  germs  of  both  kinds 
of  growth  are  more  abundant  in  the  surface  water  near  the  shore 
than  in  deep  water;  therefore,  the  period  that  the  vessel  is  in  port 
is  the  time  when  the  germs  are  likely  to  attach  themselves,  after 
which  their  further  development  is  merely  a  matter  of  time. 

"On  examining  the  conditions  under  which  a  vessel  is  placed 
when  coated  with  a  composition  which  relies  for  its  anti-fouling 
powers  on  metallic  poisons  only,  the  reasons  which  must  make 
8uch  a  coating  of  little  or  no  avail  are  at  once  apparent.  In  the 
composition  there  are  drastic  mineral  poisons,  probably  the  salts 
of  copper,  mercury,  arsenic,  etc.,  which  have  been  worked  into  a 
paint  l)y  admixture  with  varnishes  of  varying  composition,  most 
of  them  quick  drying,  and  contain  large  amounts  of  benzine  or  bi- 
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sulphide  of  carbon  as  solvents,  and  each  particle  of  the  poison  is 
protected  the  same  as  the  pigments  are  from  the  action  of  the  sea- 
water  by  beiog  entirely  coated  by  this  vehicle.  That  this  must  be 
so  is  evident,  or  the  composition  would  not  have  sufficient  adhe- 
sive power  to  stick  on  the  ship.  As  a  rule,  care  is  taken  to  select 
fairly  good  varnishes  which  will  resist  the  action  of  sea-water  for, 
*perhaps,  two  or  three  months,  before  they  get  sufficiently  disinte- 
grated to  allow  the  w^ater  to  dissolve  any  of  the  poison.  Even 
wdth  the  use  of  inferior  varnishes,  three  or  four  weeks  will  pass 
before  any  solution  can  take  place,  and  any  poison  be  liberated  to 
attack  the  pjerms. 

"  A  ship  is  dry-docked,  cleaned,  and,  her  anti-fouling  compo- 
sition having  been  put  on,  she  goes,  probably,  into  the  basin  to 
take  in  cargo.  Here  she  is  at  rest ;  and,  with  no  skin  friction  or 
other  disturbing  causes  to  prevent  it,  a  slimy  deposit  of  dirt 
from  the  water  takes  place,  and  this,  as  a  rule,  is  rich  in  the  ova 
and  germs  of  all  kinds  of  growth,  while  the  poisons  in  her  coat- 
ing are  locked  up  in  their  restraining  varnish,  and  are  rendered 
inactive  at  the  only  period  during  which  they  could  be  of  any 
use.  After  a  more  or  less  protracted  period,  the  ship  puts  to 
sea,  and,  the  perishing  of  the  varnish  being  aided  by  the  fric- 
tion of  the  water,  the  poisonous  salts  begin  to  dissolve  or  w^ash 
out  of  the  composition ;  but  the  germs  have  already  got  a  foot- 
hold, and,  with  a  vessel  sweeping  at  the  rate  of  say  ten  to 
twelve  knots  through  the  water,  the  amount  of  poison  which 
can  come  in  contact  with  their  breathing?  and  absorbino;  oro-ans 
is  evidently  so  infinitesimally  minute,  that  it  would  be  impossi- 
ble to  imagine  it  having  any  effect  whatever  upon  their  growth. 
If  the  poison  is  soluble,  it  is  at  once  w^ashed  away  as  it  dis- 
solves ;  if  it  is  insoluble,  then  it  is  also  washed  away ;  but  there 
is  just  a  chance  that  a  grain  or  two  may  become  entangled  in 
the  organs  of  some  of  the  forms  of  life,  and  cause  them  discom- 
fort. As  the  surface  varnish  perishes,  the  impact  of  the  water 
during  the  rapid  passage  of  the  vessel  through  the  water 
quickly  dissolves  out  or  washes  out  the  poisonous  salts,  and 
leaves  a  perished  and  porous,  but  still  cohesive,  coating  of  resin- 
ous matter,  which  forms  an  admirable  lodgment  for  anything 
which  can  cling  to  it ;  and  by  the  time  the  vessel  lays  to  in  for- 
eign waters,  teeming  with  every  kind  of  life,  the  poison,  wdiicli 
would  now  again  have  been  of  some  use,  is  probably  all  washed 
aw^ay,  and  a  fresh  crop  of  germs    is  acquired,   to  be  developed 
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on  the  homeward  voyage,  and  a  'bad  ship'  is  reported  by  the 
person  who  looks  after  her  docking.  It  is  evident  that  a  poison, 
even  if  it  had  the  j^ower  of  killing  animal  and  vegetable  life  in 
all  stages,  could  only  act  with  the  vessel  at  rest,  unless  it  were 
of  so  actively  corrosive  a  nature  as  to  burn  off  the  roots  and 
attachments  of  the  life  rooted  to  it ;  and  if  it  did  this,  what,  may 
it  be  asked,  would  become  of  the  protective  composition  and  th^ 
plates  of  the  vessel?  It  is  also  evident  that  any  poison  so  used 
must  be  under  conditions  in  which  it  is  very  unlikely  to  be  in  a 
position  to  act  when  it  might  do  good. 

"  The  lamentable  failure  of  composition  after  composition  of 
this  kind  has  gradually  reduced  them  in  number  to  some  ten  or 
twelve  at  the  present  time,  and  in  most  cases  it  is  low  price  alone 
which  keeps  them  in  the  market. 

"  The  practical  proof,  given  by  experience,  that  poisons  alone 
are  unable  to  secure  a  clean  bottom,  soon  led  many  inquirers  to 
the  conviction  that  it  was  the  exfoliation  in  the  case  of  copper 
which  had  acted  in  giving  fairly  good  results,  and  in  many  com- 
positions the  attempt  has  been  made  to  provide  a  coating  which 
shall  slowly  wash  off,  and,  by  losing  its  original  surface,  shall  at 
the  same  time  clear  away  germs  and  partly  developed  growths, 
and  so  expose  a  continually  renewed  surface,  in  this  way  keeping 
the  bottom  of  the  vessel  free  from  life.  There  is  no  doubt  that, 
when  this  is  successfully  done,  a  most  valuable  composition  will 
result,  but  the  practical  difficulties  which  beset  this  class  of  anti- 
foulers  must  not  be  overlooked.  In  order  to  secure  success,  the 
composition  must  waste  at  a  fairly  uniform  rate,  when  the  ship 
is  at  rest,  and  also  when  she  is  rushing  through,  the  water ;  and 
this  is  the  more  im])ortant  in  the  case  of  service  vessels,  as  in 
many  cases  they  spend  a  large  percentage  of  their  existence  at 
anchor  or  in  the  basins  of  our  big  dockyards.  If  a  composition 
is  made  to  waste  so  rapidly  that  it  will  keep  a  vessel  clean  for 
mouths  in  a  basin,  then  you  have  a  good  composition  /or  that 
purjjose;  but  send  the  vessel  to  sea,  and  under  conditions  where 
you  liave  a  higher  temperature,  and  the  enormous  friction  caused 
by  her  passage  through  the  water  exerting  its  influence  upon  the 
composition,  and  you  will  find  that  the  coating  which  did  its 
work  well  for  six  months  at  rest  in  the  basin  will,  in  the  course 
of  one  month  under  these  altered  conditions,  be  all  washed  away, 
and  fouling  will  he  set  up.  Noting  this  result,  the  manufacturer 
renders  his  composition  more  insoluble — less  wasting — and  so 
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obtains  a  coating  wliich,  when  the  vessel  is  in  motion,  scales  just 
fast  enough  to  prevent  fouling,  and  good  results  at  once  follow ; 
tbe  composition  is  then  pat  on  the  same  or  other  vessels,  and 
they  take  a  spell  of  rest  in  the  basin,  and,  bereft  of  the  aid  of  the 
higher  temperatures  and  the  friction  of  tlie  water,  the  composition 
ceases  to  waste  fast  enough,  and  bad  results  at  once  have  to  be 
recorded. 

"  There  is  no  doubt  that  this  is  the  true  explanation  of  the  wide 
discrepancies  which  are  found  between  the  compositions  in  the 
navy  and  in  the  mercantile  marine.  Take  any  of  the  big  lines,  their 
steamers  are  running  at  a  fairly  uniform  rate  of  speed,  and  the 
periods  of  inaction  are  as  short  as  the  desire  not  to  waste  the 
charge  on  the  capital  they  represent  can  make  them ;  and  under 
these  conditions,  by  varying  the  constituents  in  the  varnishes 
used  for  anti-fouling  purposes,  it  is  fairly  easy,  giving  the  neces- 
sary data,  to  so  constitute  a  composition  as  to  secure  admirable 
results.  But  when  you  come  to  apply  this  same  coating  to  an  iron- 
clad running  at  various  speeds,  and  as  often  at  rest  as  in  motion, 
then  you  at  once  find  that  the  composition  you  before  imagined  to 
be  all  that  could  be  desired  fails  just  as  lamentably  as  the  tribe  of 
anti-foulers  which  preceded  it. 

*'  It  is  not  so  very  long  ago  that  Professor  Lewes  had  the  honor 
to  serve  on  an  Admiralty  committee  under  the  able  guidance  of 
Admiral  Colomb  ;  and  after  inspecting  many  vessels  in  the  mer- 
cantile marine,  and  watching  all  the  dockings  of  service  vessels 
over  a  considerable  space  of  time,  they  were  forced  to  the  con- 
viction that  it  was  only  in  very  rare  cases  that  the  condition  of 
the  bottoms  of  her  Majesty's  ships  at  all  approached  the  freedom 
from  fouling  to  be  found  in  the  ships  belonging  to  the  big  com- 
panies, with  the  result  that  some  of  the  most  successful  of  the  com- 
positions in  the  mercantile  marine  were  brought  into  use  in  the 
navy,  and  the  reports  of  the  dockings  since  they  have  been  adopted 
wdil  amply  prove  the  existence  of  the  difficulties  mentioned. 

*•  Another  factor  which  is  often  overlooked,  and  which  tends  to 
give  misleading  results,  is  the  action  of  brackish  water,  which  in 
many  cases  seems  to  exert  a  special  action  in  keeping  the  bottom 
of  a  vessel  clean,  the  fresh  water  having  a  tendency  to  disagree 
with  certain  forms  of  marine  growth,  while  the  salt  water  is  ap- 
parently equally  unpalatable  to   the   fresh-water  forms  of  foul- 

kg." 

In  most  of  the  compositions  now  in  use,  attempts  are  made  to 
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combine  strongly  poisonous  substances  with  exfoliating  and  wast- 
in<T  coatings,  and  this  is  done  by  either  using  metallic  soaps — the 
basis  of  which  is,  as  a  rule,  copper — or  else  by  charging  a  perish- 
able and  easily- wash ed-off  varnish  with  poisonous  salts,  consisting, 
as  usual,  of  compounds  of  either  copper,  mercur}' ,  or  arsenic,  and 
in  some  cases  all  three. 

**  As  has  been  before  pointed  out,  it  is  not  probable  that  the 
presence  of  these  substances  exerts  any  deterrent  action  upon  the 
fouling,  save  perhaps  when  the  vessel  is  at  rest ;  but  they  exert 
undoubtedly  an  important  influence  upon  the  rate  of  exfoliation, 
as  when  the  perishing  of  the  varnish  exposes  them  they  dissolve,  or 
are  washed  out,  and  in  this  way  tend  to  disintegrate  and  clear 
away  the  surface  more  rapidly — an  important  and  decidedly  use- 
ful function,  but  one  which  might  be  more  cheaply  performed  by 
substances  other  than  high-priced  metallic  poisons. 

"  The  use  of  metallic  poisons  of  the  character  indicated  throws 
an  increased  burden  upon  the  protective  composition  ;  as,  should 
the  latter  become  abraded  by  friction  of  chain  cables,  barges 
alongside,  or  any  other  cause,  the  iron  of  the  vessel  will  be 
attacked  by  the  metallic  salts,  either  present  in  the  soluble  form 
in  the  anti-fouling  composition,  or  rendered  so  by  the  solvent 
action  of  the  saline  constituents  of  the  sea  water,  the  action  of  the 
metallic  salts  being  to  rapidly  dissolve  portions  of  the  iron,  and  to 
deposit  the  metal  which  they  contain  upon  the  surface  of  the 
plates,  and  these  deposits,  exciting  energetic  galvanic  action,  cause 
corrosion  and  pitting  to  go  on  with  alarming  rapidity. 

"  Both  mercury  and  copper  salts  are  offenders  in  this  way,  but 
copper  is  by  far  the  most  objectionable,  from  the  fact  that  the 
salts  formed  by  the  action  of  the  sea  water  upon  the  compounds 
used  in  the  compositions  are  far  more  soluble  than  the  correspond- 
ing salts  of  mercury,  and  are  therefore  liable  to  be  present  in 
much  larger  quantity,  and  so  exert  comparatively  a  much  more 
injurious  action  on  the  plates. 

"  As  an  illustration  of  this,  two  equal  portions  of  sea  water  were 
saturated,  the  one  with  copper  chloride,  the  other  with  mercuric 
chloride,  and  into  each  a  piece  of  steel,  planed  upon  one  side,  and 
of  about  equal  weight  and  size,  was  placed  and  left  for  four  days. 
At  the  end  of  this  period  the  two  plates  were  removed,  and,  after 
being  cleaned  and  dried,  were  again  weighed,  when  it  was  found 
that  the  one  exposed  to  the  copper-saturated  sea  water  had  lost 
22.2  per  cent,  in  weight,  while  the  plate  exposed  to  the  mercurial 
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solution  had  only  lost  3.6  per  cent.,  this  being  due  to  the  much 
larger  amount  of  the  copper  salt  soluble  in  the  sea  water. 

''On  now  placing  these  plates  in  clean  sea  water,  corrosion 
went  on  in  each  case  with  extreme  rapidity,  and  after  being 
exposed  for  a  month,  they  had  both  wasted  to  about  the  same 
extent ;  that  is  to  say,  when  once  deposited  on  the  iron,  mercury 
is  practically  as  injurious  as  copper. 

"  This  experiment  is  not  at  all  likely  to  be  carried  out  in  prac- 
tice, as  the  inutility  of  small  laboratory  experiments  has  been 
often  demonstrated,  as  they  lack  all  the  factors  of  mass  of 
material  and  atmospheric  influence,  which  play  so  important  a 
part  in  a  question  like  the  present ;  but  such  an  experiment  gives 
one  a  definite  and  fairly  correct  idea  of  the  relative  rate  of  action 
of  the  two  poisons  upon  the  plates. 

''All  the  time  the  ship  is  in  motion,  the  wash  of  the  sea  water 
will  prevent  the  metallic  poisons  doing  the  plates  or  the  marine 
growths  much  harm ;  but  there  is  one  phase  of  this  question  which 
has  been  overlooked.  In  certain  ports  there  is  a  fashion  in  com- 
positions, and  most  of  the  homes  of  the  mercantile  marine 
have  some  pet  local  composition  which  is  largely  used  at  that  par- 
ticular port.  If,  now,  many  ships  are  lying  in  a  basin,  taking  in 
and  discharging  cargo,  and  if  the  prevalent  compositions  contain 
copper,  it  is  evident  that  a  certain  quantity  will  go  into  solution  in 
the  water,  which  often  does  not  undergo  frequent  or  rapid  change; 
and  under  these  conditions  every  ship  in  the  basin  will  be  exposed 
to  the  same  danger,  and  wherever  an  abrasion  has  taken  place  in 
the  protectives,  there  copper  will  be  deposited  on  the  iron,  causing 
corrosion  and  destruction  of  the  plates ;  and  it  must  be  remem- 
bered that  when  the  vessel  is  next  docked  and  coated,  no  amount 
of  scraping  will  remove  the  line  particles  of  copper  deposited  in 
the  pitted  and  corroded  portions  of  the  plate,  and  so  finely  divided 
as  to  be  invisible  to  the  eye,  but  that  they  will  remain  and  carry 
on  the  destructive  work  under  the  new  coatings  of  the  protective. 

*•  It  is  a  well-recognized  fact,  that,  when  a  vessel  coated  with  a 
copper  compound  lias  become  corroded  from  failure  of  her  pro- 
tective, or  from  abrasion,  even  an  entire  change  of  composition 
does  little  or  no  good  in  stemming  the  tide  of  corrosion  until  after 
some  considerable  period  has  elapsed,  a  result  which  is  due  to  the 
same  cause;  and  inasmuch  as  copper  compositions  are  a  source  of 
danger,  not  only  to  the  ships  coated  with  them,  but  to  any  others 
which  may  be  at  rest  in  the  same  basin,  it  may  be  strongly  urged 
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upon  the  mamifacturers  to  abandon  the  use  of  these  deleterious 
compounds,  and  to  use  others  equally  efficacious  and  free  from  the 
grave  objections  that  have  been  enumerated. 

"  At  the  present  time,  fifteen  out  of  thirty-two  principal  compo- 
sitions rely  upon  copper  in  some  form  or  other  as  the  basis  of 
their  anti-fouling  composition,  and  in  one  which  has  enjoyed  con- 
siderable favor  finely  divided  metallic  copper  itself  is  used  ;  and 
should  a  vessel  coated  with  it,  after  the  varnishes  had  commenced 
to  disintegrate,  be  moored  alongside  an  iron  ship  by  a  chain  cable, 
or  even  by  a  wet  hawser,  a  big  galvanic  couple  would  be  formed 
at  the  expense  of  serious  damage  to  any  exposed  iron. 

"In  the  history  of  anti-fouling  many  attempts  have  been 
made  to  obtain  highly  glazed  and  glass-like  surfaces,  which  it 
was  hoped  would  withstand  the  action  of  sea  water,  and  afford 
no  lodgement  to  marine  growths ;  but  even  glass  itself  is  slowly 
acted  upon  by  sea  water,  and,  when  once  roughened  on  the  sur- 
face, will  foul,  while  the  rigidity  of  such  coatings,  and  the 
straining  and  cracking  consequent  on  unequal  expansion  and 
contraction  of  the  plates  and  their  coating,  offers  a  serious 
obstacle  to  any  such  scheme. 

"  In  concluding  this  long  paper,  it  may  be  pointed  out  that 
in  the  present  phase  of  the  anti-fouling  question,  and  until  some 
new  principle  for  preventing  marine  growth  has  been  advanced 
and  successfully  adopted,  satisfactory  results  can  only  be  in- 
sured by  an  intelligent  use  of  the  existing  compositions. 

"  The  protective  composition  is  the  important  composition, 
and  care  must  be  taken  to  obtain  the  best  in  the  market,  as,  if 
the  protection  is  good,  the  plates  remain  uninjured  even  if  foul- 
ing takes  place.  The  anti-fouling  composition  to  be  used  with 
it  must  either  be  elastic  or  have  the  same  rate  of  contraction 
and  expansion  as  the  protective,  and  must — at  any  rate  in  the 
navy — be  chosen  to  suit  the  work  to  be  done  ;  such  as  contain 
copper  compounds  being  carefully  rejected,  while  preference 
should  be  given  to  those  which  rely  on  exfoliation  rather  than 
mineral  poisons.  If  a  vessel  is  to  remain  at  rest  for  a  consider- 
able period,  an  anti-fouling  composition  which  exfoliates  rap- 
idly, and  which  also  contains  poisons  known  to  act  on  germ  life, 
must  be  used,  the  amount  of  such  poison  depending  on  the  sea- 
sons and  the  waters  in  which  the  ship  is  to  be ;  while  if  a  vessel 
is  to  be  continually  running,  then  a  slowly  exfoliating  composi- 
tion must  be  employed,  and  a  very  small  percentage  of  poison 
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is  all  that  is  required,  as  skin  friction  and  the  comparative  ab- 
sence of  the  germs  and  spores  i^  deep  water  will  do  the  rest. 

"  Our  ships  represent  an  enormous  capital,  and  any  trouble 
or  care  which  will  prolong  their  existence  is  well  worth  taking 
and  will  be  amply  repaid  ;  and  at  the  present  time  a  heavily  cor- 
roded and  foul  vessel  means  either  ignorance  or  negligence  on 
the  part  of  those  who  have  the  responsibility  of  deciding  on  the 
compositions  to  be  used ;  and,  finally,  it  must  be  clearly  borne 
in  mind  that  there  is  no  anti-fouling  composition  which  ever 
has  been  made,  or  probably  ever  will  be  made,  that  will  answer 
for  all  cases,  and  that  until  this  is  clearly  recognized  the  pres- 
ent unsatisfactory  condition  of  the  question  will  exist." 


UNITED   STATES   NAVY  DEPARTMENT  PAINT   TESTS,    1858. 

Under  the  direction  of  the  Secretary  of  the  Navj',  William  E. 
Chandler,  December  16,  1884,  orders  were  issued  to  the  Bureau  of 
Construction  and  Repairs  (T.  D.  Wilson,  Chief  of  Bureau)  to 
detail  Naval  Constructor  William  H.  Yarney,  IT.  S.  N.,  to  superin- 
tend a  test  of  paints  and  anti-fouling  and  anti-corrosive  composi- 
tions for  wetted  surfaces,  with  a  view  of  obtaining  the  most  effi- 
cient composition  for  the  protection  of  the  iron  and  steel  vessels 
of  the  United  States  Navy. 

Samples  of  paints,  etc.,  were  invited  from  all  manufacturers  of 
such  paints  and  compounds ;  the  test  was  to  be  made  at  four  or 
more  navy  yards,  under  such  conditions  as  to  insure  absolute 
impartiality,  and  to  be  conclusive  as  to  the  relative  merits  of  the 
paints  and  compounds  submitted  for  trial  under  the  same  condi- 
tions as  would  occur  in  practice. 

Test  plates  of  steel  2  feet  6  inches  x  3  feet,  weight  5  pounds  to 
the  square  foot,  were  pickled  and  freed  from  scale,  scoured  clean, 
wiped  dry,  weighed,  and  then  coated  on  each  side  with  a  sample 
of  paint  applied  according  to  the  instructions  sent  by  the  several 
manufacturers,  particular  care  being  taken  to  have  these  instruc- 
tions explicitly  followed. 

The  plates  were  to  be  separately  weighed  after  the  paint  was 
dry  and  ready  for  immersion,  and  were  to  be  exposed  to  the  action 
of  sea  water  for  eight  months,  and  to  be  inspected  at  the  end  of 
four  mouths,  and  their  condition  accurately  recorded  at  each 
period.     Care  was  exercised  that  the  plates,  when  in  the  cage  and 
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immersed,  that  no  galvanic  action  could  be  induced  by  contact 
with  any  object. 

At  the  end  of  the  test  period  (eight  months)  the  plates  were  to  be 
removed  from  the  immersion  cage,  dried  in  the  open  air,  weighed, 
and  the  general  appearance  of  the  coating  noted  ;  then  the  paint 
was  to  be  removed,  the  actual  condition  of  the  plate  ascertained, 
and  weighed  again  for  the  loss  by  corrosion  during  the  test,  etc. 

A  further  test  was  made  by  coating  about  seventy-five  square 
feet  of  surface  on  a  steel  vessel  with  each  of  the  several  compounds, 
arranged  so  that  practical  uniformity  might  be  had;  the  paint 
that  was  used  to  coat  the  several  sections  at  the  bow  or  stern  of 
the  vessel  on  one  side  was  used  amidships  upon  the  other  side. 

The  vessel  was  docked,  scraped  clean  from  rust,  and  the  uietal 
made  as  nearly  uniform  in  condition  as  possible  before  the  paints 
were  applied,  and  when  thoroughly  dry  the  vessel  (the  United 
States  steamship  Speedwell)  was  undocked  and  placed  in  service, 
September  4,  1885,  and  redocked  to  examine  the  condition  of  her 
bottom,  July  8,  1886,  having  been  in  the  water  ten  months  and 
four  days,  and  sailed  by  log  on  short  trips  about  three  hundred 
and  thirty-eight  miles  in  the  coast  waters  of  the  United  States. 

The  report  upon  these  paints  bears  date  from  the  League  Island 
Navy  Yard,  Philadelphia,  Penn.,  September  1,  1886,  signed  by 
Wm.  H.'Varney,  naval  constructor,  and  addressed  to  the  Chief  of 
Bureau  of  Construction  and  Repair,  Navy  Department,  Washing- 
ton, D.  C. 

Sixty  different  firms  in  the  United  States,  Canada,  and  England 
responded  to  the  request,  viz.  : 

37  firms  sending  paint  or  compounds  for  5  tests. . .  .185  applications. 
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CO  firms  all.                                               Total  tests,  237 
United  States  Navy  experimental  paints 11 
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As  there  were  two  separate  surfaces  coated  with  each  of  the 
above  paints,  the  total  number  of  applications  was  four  hundred 
and  ninety-six,  distributed  at  four  navy  yards  and  on  one  govern- 
ment vessel  in  service. 
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The  record  of  the  test  is,  viz. : 


Reference 
letterof 

Order  of  Merit  in  U.S.  Navt  Dept.  test  of  Firms'  Paints, 

1835,   AT   TUE  DIFFERENT   NaVT  YaRDS,   U.S.A. 

Firms' 
Paints. 

Key  West 
Navy  Yard. 

Norfolk 
Navy  Yard. 

League 

Island 

Navy  Yard. 

Portsmouth 
Navy  Yard. 

U.S.  ss. 
Speedwell. 

Color  of  Paint. 

U.S.  Navy 
a 

Order  of 
Merit. 

Order  of 
Merit. 

13 

10 

12 

7 

15 

Order  of 
Merit. 

Order  of 
Merit. 

Order  of 
Merit. 

1,2,8 

7 

15 

3 

White  (2) 
Black  (1) 
Lead 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 

12 

6 

b 

Black 

c 
d 

10 

Pea  green 
Not  ^iven 

e 

13 

13 

Vermilion 

f 
9 
h 

9 
11 

7 
8 

White 

15 

Dark  drab 

i 

8 

15 

14 

11 

3 

9 

5 

4 

Flesh 

3 
k 

5 
4 
2 

Brown 

14 

Ked 

I 

4 
3 
1 
2 
6 
5 
14 

Lead 

m 

Dark  drab 

n 

0 

3 

1 

11 

10 

5 

9 

Bronze  green 
Dark  green 
Stone 

P 
r 

2 

Dark  brown 

10 

13 

4 

Crocus 

s 

7 

Green 

t 

Drab  or  gray 
Brown 

u 

6 

8 
9 

11 

12 
14 

V 

Brown 

w 

"12"" 

Vermilion 

X 

Black  or  dark 

y 

z 

blue 
Black 

Chocolate 

At  Key  West  there  were  52  firms'  paints  ;  number  in  the  order  of  merit,  13. 
At  Norfolk  "  49      "  ''      and  3U.  S.  Navy  "  "         14. 

At  League  Island  "  48      "  "      none         "  "  "        14. 

At  Portsmouth      "  47      ''  *'      and  3       "  "  "        15. 

Ti.'^.'&.  Speedwell''         47      "  "        "  5       '*  "         "         8. 

The  order  of  merit  had  been  increased  to  fifteen  when  necessary 
to  render  a  comparison  possible. 

Including  the  United  States  Navy  experimental  paints,  there 
were  twenty-nine  separate  records  for  places  of  merit  in  one  or 
the  other  of  the  five  different  locations  and  tests. 

But  2  firms  secured  a  place  in  the  order  of  merit  in  all  the  tests. 
**     S     "  "  "        '*  "  *'  4  of  the  tests. 


United  States  Navy  experimental,  11  samples  secured  3 
26 
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In  the  instances  where  the  paint  did  not  succeed  in  gaining  a 
place  in  the  several  orders  of  merit,  the  condition  is  reported 
upon,  viz. :  "  Paint  nearly  all  gone  ;  plates  rusty.  No  evidence  of 
i^aint.  Paint  all  gone ;  plates  badly  pitted  and  rusted.  Paint 
peeled  soon  as  removed  from  the  water.  Paint  about  half  loose 
and  half  blistered  ;  plate  rusty.  Paint  covered  with  rust  spots ; 
plates  badly  rusted ;  and  in  a  few  cases,  paint  in  fair  condition, 
plates  rusted,  etc." 

So  far  as  classifjdng  these,  it  was  a  Hobson's  choice  between 
them;  all  were  bad,  and  the  few  paints  reported  as  in  a  fair  condition 
showed  such  signs  of  utter  failure  as  anti-corrosive  compounds 
that  a  few  weeks  more  of  exposure  would  probably  have  destroyed 
all  evidence  of  their  application  except  in  fragmentary  spots  where 
the  shells,  barnacles,  and  other  marine  growths  had  lorotected  the 
paint  and  the  plate  in  some  small  measure. 

Examination  of  the  record  of  merit  columns  shows  a  wide 
fluctuation  in  the  value  of  the  compounds  at  the  different  navy 
yards  under  almost  identical  conditions  of  exposure. 

Paints  first,  second,  or  third,  etc.,  in  one  navy  yard,  dropping 
to  the  foot  of  the  record  of  merit  at  another  yard,  or  failing  to 
get  a  place  at  another,  reappear  again  in  the  Speedwell  column. 
Prof.  Lewes  also  notes  this  peculiarity  in  the  English  compo- 
sitions. 

The  names  of  the  different  firms  furnishing  the  paints  and  the 
trade-marks  names  of  the  paints  are  withheld,  being  represented 
by  single  letters  of  the  alphabet  in  the  record  of  merit  column, 
and  by  double  letters  of  the  alj^habet  in  the  no-place  column 
(not  published). 

The  official  report  of  this  test  published  by  the  U.  S.  Navy 
Department  being  practically  exhausted,  members  of  the  A.  S. 
M.  E.  and  others  desiring  to  examine  the  full  report  will  find  a 
copy  in  the  library  of  the  A.  S.  M.  E.  with  the  engravings  from 
the  photographs  taken  of  the  appearance  of  the  paints  at  the 
several  navy  yards  at  the  expiration  of  the  test,  also  engravings 
of  the  bottom  of  the  U.  S.  S.  Speedwell  when  redocked  for 
examination. 

It  wa.s  noted  that  the  two  sides  of  the  Speedwell  presented  so 
uniform  an  appearance  that  only  one  side  was  photographed; 
the  position  of  the  paint  sample,  whether  amidships,  bow,  or 
stern,  near  tlie  keel  or  water  line,  had  no  apyjarent  effect  upon 
the  durability  of  the  paint  to  resist  either  fouling  or  corrosion. 
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It  may  also  be  noted  tliat  some  of  the  paints  that  failed  to 
get  any  record  of  merit  at  this  Government  test,  and  whose  place 
in  the  column  of  demerits  was  as  near  the  tail  end  of  it  as  pos- 
sible to  get,  are  to-day  in  the  full  tide  of  prosperity  under  the 
improvements  of  a  new  trade-mark ;  whether  any  improvement 
in  the  composition  of  the  said  paints  has  been  made,  apparently 
matters  little.  The  test  was  a  severe  one  for  this  especial  duty, 
but  it  demonstrates  that  any  composition  that  could  withstand 
it  meritoriously  is  a  good  paint  for  use  in  the  many  other  situ- 
ations where  paints  are  required  for  preservative  effects  on 
either  wood,  mineral,  or  metallic  surfaces  in  sea  water  or  sea 
air. 

The  paint  that  stood  first  in  the  order  of  merit  on  the  S.  S. 
Spe -dwell  under  actual  conditions  of  naval  service,  was  a  U.  S. 
Navy  experimental  coating  of  two  coats  of  white  zinc.  Paint  at 
close  of  the  test  being  in  excellent  condition,  no  evidence  of 
corrosion  on  the  metal.     (Plate  4S,  No.  399.) 

The  second  in  order  of  merit,  same  service,  was  one  coat  of 
red  lead  and  one  coat  of  zinc  white.  Paint  at  close  of  the  test 
about  one-half  worn  off ;  no  corrosion.  (Plate  48,  No.  395.)  In 
both  of  above  cases  but  little  fouling  or  barnacles. 

A  paint  composed  of  |  red  lead  and  J  zinc  white,  covered  with 
a  second  coat  composed  of  plumbago,  tallow,  beeswax,  and  lamp- 
black mixed  with  benzine  ;  the  last  coat  was  nearly  all  worn  off, 
no  corrosion.     (Plate  48,  No.  393.) 

Another  sample  of  United  States  Navy  experimental  paint  of 
two  coats  of  red  lead ;  paint  reported  in  fair  condition,  no  rust. 
(Plate  48,  No.  397.) 

A  sample  of  paint  that  had  been  on  the  bottom  of  another 
United  States  Navy  vessel  for  over  a  year  was  found  to  be  w^ell 
worn,  but  remarkably  clean,  but  little  fouling.  It  was  composed 
of  red  lead  and  zinc  white,  mixed  ;  definite  proportions  not  known, 
supposed  to  have  been  one-half  of  each. 

Contrary  to  all  expectations,  the  paints  that  require  to  be  heated 
to  apply,  and  which  it  was  supposed  that  asphaltum  entered  more 
or  less  into  the  composition  of,  failed  to  get  a  place  in  any 
column  of  merit,  and  were  found  quite  low^  down  in  the  other 
scale.  See  Plate  11,  No.  295  ;  Plato  19,  No.  292  ;  Plate  10,  No. 
412;  Plate  46,  No.  291.  Other  samples  could  be  cited;  these 
are  enough  to  show  that  it  requires  more  than  three  to  five  ])er 
cent,  of  asphaltum  as  the  base  in  a  pigment,  and   some  other 
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liquid  veliicle,  than  that  in  general  use  to  withstand  a  sea-water 
test. 

THE    PITTING  OF   BOILERS.* 

"  M.  Oh'oy,  a  French  engineer,  gives  the  results  of  his  recent 
investigations  into  the  pitting  of  boilers.  Pitting  is  particularly 
likely  to  occur  if  a  water  very  free  from  lime  is  used  in  clean 
boilers.  When  a  boiler  forms  one  of  a  battery  and  is  kept  stand- 
ing idle  for  a  long  interval,  the  top  of  the  boiler  is  liable  to 
pitting.  Steam  finds  its  way  into  the  boiler,  and  condensing 
upon  the  top  surface  causes  bad  pitting  there.  Pure  water 
containing  no  air  does  no  harm,  and  steam  alone  will  cause  no 
pitting  unless  it  contains  a  supply  of  air.  The  Loch  Katrine 
water  of  Glasgow,  which  causes  pitting  in  clean  boilers,'  contains 
much  gas.  The  water  from  many  of  the  lakes  in  America  also 
produces  the  same  effect ;  with  distilled  water  the  boilers  usually 
remain  quite  bright.  Feed-water  heaters  often  suffer  badly 
from  pitting,  particularly  near  the  cold-water  inlet,  and  in  boilers 
the  parts  most  likely  to  be  attacked  are  those  where  the  circula- 
tion is  bad,  especially  if  such  portions  are  also  near  the  feed-inlet. 

"In  locomotives  the  bottom  of  the  barrel  and  the  largest  ring 
is  most  frequently  attacked.  The  steam  spaces  are  generally  free 
from  pitting,  unless  the  boiler  is  frequently  kept  standing  with 
water  in  it.  As  the  water  evaporates  or  leaks  away,  pitting  is 
liable  to  occur  along  the  region  of  the  water  line,  a  part  which  in 
a  working  boiler  is  generally  free  from  attack,  unless  the  longi- 
tudinal seam  is  near  that  point  and  forms  a  ledge  where  the 
moisture  can  rest. 

"Pittings  take  the  form  of  cones  or  spherical  depressions, 
which  are  filled  with  a  yellowish-brown  deposit,  consisting  mainly 
of  iron  oxide.  The  volume  of  powder  is  greater  than  that  of  the 
metal  oxidized,  so  that  a  blister  is  formed  above  the  pit,  which 
has  a  skin  thin  as  an  eggshell.  This  skin  usually  contains  both 
iron  oxide  and  lime  salts,  and  differs  greatly  in  toughness.  In 
many  cases  it  is  so  friable  that  it  breaks  at  the  least  shock,  falling 
to  powder,  while  iu  other  cases  the  blister  detaches  itself  from 
the  ]jlate  as  a  whole. 

"An  analysis  of  the  powder  in  the  pits  shows  it  to  consist  of 
peroxide  of  iron,86.2G  per  cent.;  grease  and  other  organic  matter, 
6.29  per  cent. ;  lime  salts,  4.25  per  cent.;  water,  silica,  aluminium, 

*  Engincerinrj ,  October  19,  1804,  Vol.  LVII.,  No.  1503. 
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etc.,  3.20  per  cent.  The  skin  over  the  pits  was  found  to  contain 
calcium  carbonate,  38  per  cent. ;  calcium  sulphate,  12.8  per  cent.; 
and  iron  oxide,  Fe^Og,  32.2  per  cent.;  and  about  8.5  per  cent, 
each  of  magnesium,  carbonate,  and  insoluble  matter." 

The  Verein  zur  Beforderung  des  Geiverhfleisses,  or  Society  for 
tlie  Promotion  of  the  Useful  Arts,  Berlin,  Prussia,  have  offered  a 
silver  medal  and  prize  of  £150  for  the  best  paper  giviog  a  chemical 
and  physical  analysis  of  the  oxide  of  iron  paints  in  general  use 
for  anti-corrosive  purposes,  viz. :  (1)  A  description  and  classifica- 
tion of  the  paint,  based  on  chemical  analysis  of  the  pigment  and 
liquids  of  which  the  paint  is  composed.  (2)  A  statement  of  the 
durability  of  the  materials  and  mixture  of  the  paint,  citing  cases 
for  examination  and  future  references.  (3)  Action  of  the  air  on 
such  coatings;  how  affected  by  temperature,  acids,  alkalies,  salts, 
vapors,  oxidation,  etc.,  separately  and  collectively.  How  the 
iron  used  for  ship-building  should  be  treated ;  also,  for  gas  and 
water  pipes,  and  the  treatment  of  the  different  kinds  of  iron  in 
the  different  applications  of  iron  and  steel  to  structural  work. 
All  papers  to  be  presented  before  November  15,  1894. 

With  the  well-known  proclivity  of  the  German  chemist  to 
probe  matters  to  the  bottom,  it  may  be  that  some  of  the  glamour 
that  surrounds  the  anti-corrosive  and  anti-fouling  compounds  of 
the  day  will  be  dissipated  when  the  above  society  makes  the 
award  and  gives  to  the  public  the  benefit  of  their  labor,  which, 
it  is  hoped,  will  cover  the  ordinary  compositions  on  the  market 
and  not  those  specially  coached  for  the  analysis.  The  mystery 
that  "  doth  hedge  about  the  king  "  is  very  thin  compared  to  that 
that  doth  compass  the  paint-mill,  when  a  mixture  of  iron  oxide, 
whiting,  gypsum,  pipe  clay,  ochre,  and  other  substances  as 
sensitive  to  and  as  soluble  in  water  as  mill-pond  mud,  is  to 
be  ground  with  "buffum"  oils,  umber,  and  white  copperas,  as 
dryers  to  make  an  anti-corrosive  paint.  The  before-mentioned 
Uoited  States  Navy  paint  test  bears  strongly  on  these  matters, 
and  the  coming  report  from  the  same  department,  promised  by 
the  chief  naval  constructor,  Mr.  Philip  Hichborn,  U.  S.  N.,  will 
do  much  to  inform  the  engineering  fraternity  on  these  important 
points,  aside  from  the  data  so  freely  given  out  by  the  glib  tongues 
of  sharp  selling  agents. 

The  advent  of  70-  to  90-ton  locomotives,  in  connection  with 
heavier  rolling  stock  and  loads  in  the  railway  service  of  the 
country,   is   requiring   the   reconstruction   of   most  of    the   iron 
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bridges  and  viaducts  that  within  the  past  thirty  years  have 
replaced  the  olden-time  wooden  structures.  It  is  possible  that 
no  material  increase  in  the  weight  of  a  railway  train  per  foot  of 
track  will  be  made  to  the  present  standard  to  require  their  sub- 
stitution by  heavier  constructions.  This  being  the  case,  the 
preservation  of  them  from  corrosion,  as  well  as  the  protection  of 
the  immense  roof  trusses  that  span  the  large  railway  stations, 
armory  drill-rooms,  warehouses,  etc.,  becomes  a  question  of 
extreme  moment,  as  properly  protected  by  paint  compounds 
which  thus  far  appear  to  be  the  only  practical  method,  they 
should  last  for  centuries  instead  of  decades. 

But  the  methods  of  painting  of  the  present  day  must  be 
entirely  changed  to  counteract  the  results  that  past  practice  has 
found  to  be  inadequate  to  prevent  corrosion  for  even  a  few  years. 
(1)  The  mill  scale  and  dirt  due  to  machining  processes  must  be 
pickled  off  and  the  metal  left  clean  and  bright  ere  it  receives  its 
first  coating ;  and  if  the  metal  can  be  warmed,  even  to  temper- 
atures due  to  sunny  days,  the  results  will  be  better  and  noticeable 
over  applications  made  on  damp  and  cloudy  days  or  even 
ordinary  weather.  (2)  The  various  members  composing  the 
truss  or  structure  must  receive  at  least  two  coats  of  pure 
red  lead,  pyrolusite,  graphite,  lampblack,  or  kindred  non- 
corrosive,  linseed-oil,  or  asphaltum  paints,  free  from  any 
percentage  of  mixture  with  iron  oxide  or  so-called  inert  pig- 
ments, such  as  the  sulphates  and  carbonates  of  lime,  pipe 
clay,  feldspar,  etc.,  all  substances  decomposed  by  moisture, 
and  that  can  in  no  manner  enter,  and  never  have  entered,  into 
any  combination  with  the  oil  and  before-named  pigments,  but 
only  serve  as  stuffing  to  make  the  application  of  the  paint  a 
little  easier  for  the  painters.  (3)  All  bolts  that  connect  any 
part  of  the  structure  should  be  painted  with  the  selected 
paint,  or  with  a  pure  red-lead  paint,  before  being  put  into  the 
holes,  and  the  threads  coated  before  the  nuts  are  run  on  and 
screwed  to  place.  All  such  bolt  heads  and  nuts  must  be  painted 
before  sweating  or  rusting  takes  place,  and  all  hot  rivets  driven 
should  be  scaled  and  painted  while  warm,  as  corrosion  once 
started  in  these  weak  points  of  the  structure  extends  rapidly  in 
the  form  of  pitting.  (4)  Benzine  dryers  and  bisulphide-of-carbon 
solvents  must  ha  positively  excluded  from  the  paint  compounds, 
as  well  as  from  the  washing  down  of  any  dirt  due  to  assembling 
and  erecting  the  parts. 
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The  Fritb  of  Forth  Bridge,  a  structure  that  contains  more  iron 
and  steel  with  a  greater  number  of  separate  parts  and  a  greater 
amount  of  exposed  surface,  and  is  subject  to  a  greater  complexity 
of  strains,  than  any  construction  ever  erected  for  human  needs,  or 
that  will  probably  be  erected  within  the  next  generation  of  man- 
kind— from  its  exposed  position,  subject  to  driving  storms  of  rain 
and  hail,  sea-air,  and  spray — should  have  been  treated  from  the 
first  in  a  manner  that  would  reasonably  have  led  one  to  expect 
for  it  a  life  of  centuries  instead  of  decades,  and  these  will  only 
be  had  through  tribulation  and  sorrow. 

It  is  noted,  in  the  history  of  the  construction  of  this  bridge, 
that  in  many  places  where  the  gussets,  skew-backs,  and  other 
members  of  the  trusses  joined  each  other,  pockets  were  formed 
that  presented  places  for  the  accumulation  of  moisture,  and  were 
so  obstructive  to  the  free  circulation  of  air  for  the  purpose  of  dry- 
ing them  oat  that  they  were  coated  wdth  asphaltum,  and  gutters 
laid  to  conduct  the  w^ater  away.  These  places  are  danger-points 
in  the  structure,  and  invariably  embrace  those  points  where  the 
removal  and  renewal  of  the  corroded  parts  wdll  be  found  to  be 
practically  impossible,  from  the  reasons  and  causes  found  in  the 
renewal  of  the  track-floor  system  in  the  St.  Lawrence  River 
Bridge. 

There  were  between  6,500,000  and  7,000,000  rivets  driven  in  the 
Forth  Bridge,  weighing  about  4,200  tons,  and  sized  from  one  and 
one-quarter  of  an  inch  diameter  to  three-quarters  of  an  inch, 
and  from  eleven  and  one-quarter  inches  long  under  the  head,  and 
closed  in  nine  inches  of  metal,  to  one-half  inch  in  the  same. 
Thousands  of  these  large  rivets  were  driven  in  locations  that 
required  special  riveting  machines  to  close  them,  and  since  the 
assembling  of  the  other  parts  of  the  truss  in  position,  no  renewal 
of  a  defective  rivet  or  gusset  plate  is  possible.  Corrosion  at  these 
points,  once  begun,  must  proceed  unchecked,  and  will  be  promptly 
covered  up,  but  not  arrested,  by  the  knights  of  the  paint-brush. 

No  pickling  process  was  used  to  remove  the  mill  scale  from 
the  thousands  of  pieces  of  iron  and  steel  that  comprise  the  struct- 
ure, the  plates  being  simply  brushed  with  steel  brushes  to  remove 
the  loose  scale ;  then  machined,  and  one  coat  of  hot  linseed  oil, 
without  pigment,  applied  over  all  the  oil  and  dirt  due  to  the 
machining,  flanging,  sweating,  and  other  processes.  The  material 
was  then  shipped,  yarded,  erected,  and  riveted  up,  in  many  cases 
after   months  of   open  exposure   to  the  elements,  and,  soon   as 
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possible  thereafter,  received  two  coats  of  good  red-lead  paint, 
over  all  the  dirt  and  oils  due  to  the  erection  processes,  and  which 
the  underlying  coat  of  linseed  oil  and  its  covered  filth  afforded  an 
excellent  bed  or  blanket  to  prevent  any  possible  adhesion  or  bond 
of  the  red-lead  paint  to  the  metal,  even  if  the  "sweating"  of  the 
metal  was  not  present  at  the  time  of  painting  to  add  its  quota  to 
the  other  drawbacks.  Linseed  oil,  boiled  or  raw,  applied  without 
pigment,  and  dried  under  usual  atmospheric  conditions,  absorbs 
water  as  freely  as  a  sponge,  softens  up,  and  after  a  few  hours  can 
be  as  easily  removed  from  the  metal  it  covers  as  the  skin  of  a 
water  blister,  its  bond  (and  that  is  a  feeble  one,  without  a  pigment 
of  some  sort  to  aid  it)  being  wholly  gone. 

Had  the  structure  been  a  wooden  one,  the  first  coating  with 
the  hot  linseed  oil,  even  over  the  dirt  of  machining  processes, 
would  have  been  a  fairly  intelligent  procedure.  It  would  have 
dried  in  and  not  on,  and  would  probably  have  given  a  fairly  good 
result.  Two  coats  of  oxide  of  iron  paint  were  then  applied  over 
the  red-lead  coatings,  as  an  additional  element  to  hasten  the  decay 
of  the  red-lead  coatiogs,  by  bringing  into  action  the  elements  of 
free  sulphuric  acid  and  iron-rust  to  harden  into  a  scale  of  less 
elasticity  than  the  red-lead  paint  they  cover.  Moisture  sets  both 
of  these  elements  at  work,  small  blisters  form,  and  the  outer 
oxide-of-iron  coatings  crack  and  drag  off  the  red-lead  coatings, 
and  the  metal  is  exposed  for  corrosion  almost  as  fully  as  if  it  had 
not  been  painted.  A  structure  that  cost  over  fifteen  and  a  half 
million  dollars,  that  has  one  hundred  and  forty-five  acres  of 
exposed  metallic  surface  for  protection  from  corrosion,  and  that 
requires  from  ninety  to  one  hundred  tons  of  paint  to  cover  it  with 
one  coat,  should  have  received  a  more  intelligent  and  comprehen- 
sive treatment  for  its  preservation. 

It  has  been  decided  by  the  Bridge  officials  to  keep  a  corps  of 
painters  continually  in  service  and  to  practically  repaint  it  every 
three  years  in  its  early  life,  until  time  has  developed  the  weak  or 
danger  points  from  corrosion,  and  what  methods  and  compositions 
other  than  the  above-named  paints  are  needed  for  the  preserva- 
tion of  this  important  structure. 

I  believe — with  the  exception  of  the  red-lead  paint,  and  tliis  was 
wrongly  applied — that  every  step  in  the  methods  adopted  for  the 
preservation  of  this  Ijridge  was  radically  and  entirely  wrong,  and, 
V)efore  fifty  years  have  passed,  that  corrosion  will  be  so  strongly 
developed  in  all  parts  of  the    structure  that  a   drastic  plan   of 
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burning,  scraping,  and  pickling  all  the  paint  compounds  off  will 
have  to  be  pursued,  and  when  the  metal  is  scoured  to  the  bright, 
regardless  of  expense,  a  paint  can  be  applied  with  some  chance 
for  its  being  effective  against  corrosion,  but  no  oxide  of  iron  will 
enter  into  its  composition. 

In  paper  No.  598,  read  at  the  Montreal  meeting,  June,  1894, 
I  pointed  out  the  mistakes  that  had  been  made  in  the  protective 
methods  employed  for  the  Niagara  and  Brooklyn  suspension 
bridges  ;  and  as  opportunity  occurs  I  find,  on  examination  of 
some  of  the  late  immense  roof  constructions,  the  same  disregard 
of  the  conditions  that  underhe  the  corrosion  of  iron,  and  which 
are  so  fairly  defined  at  the  present  hour  that  it  seems  almost 
calamitous  that  such  serious  and  costly  mistakes  could  ever  be 
duplicated. 

In  CONCLUSION,  it  may  be  cited  that  a  number  of  torpedo  boats 
of  the  French  Navy,  that  have  been  constructed  within  the  past 
ten  years,  and  that  have  not  made  a  thousand  knots  of  sea  ser- 
vice, have  been  found  to  be  so  corroded  at  the  water  line,  though 
well  painted  from  the  first  with  anti-corrosive  paints,  the  kind 
not  stated,  that  they  have  been  condemned  for  service ;  while 
other  boats  of  the  same  class  that  have  never  been  in  commission, 
but  have  been  laid  up  under  cover,  have,  as  the  report  says, 
"  eaten  their  own  heads  off  by  corrosion,"  and  are  condemned  for 
the  same  cause.  In  these  cases  the  corrosion  has  been  in  prog- 
ress underneath  the  paint  covering,  and  showed  but  little  signs 
of  its  extent  or  progress,  until  the  plates  were  so  corroded  in 
spots,  many  of  them  of  large  area,  that  the  hammer  used  in 
testing  the  plates  broke  through  the  skin  of  the  boats  under  the 
effect  of  blows  that  would  not  drive  a  ship  spike  into  a  pine 
block. 

At  the  recent  annual  convention  of  the  American  Institute  of 
Architects,  in  a  discussion  on  the  use  of  iron  and  steel  in  the 
construction  of  modern  high  buildings,  it  was  reported  by  one  of 
the  leading  architects  in  the  United  States  that  the  iron  floor 
beams  removed  by  him  from  the  old  Times  building,  though  in 
use  only  thirty-five  years,  were  rotten  with  rust.  They  were  in- 
closed in  eight  inches  of  brickwork,  and  had  been  well  painted 
with  oxide-of-iron  paints  and  protected  by  asphaitum  coverings. 
The  iron  came  off  in  strips,  clearly  showing  that  the  rust  had  fol- 
lowed the  lamination  of  the  iron ;  the  web  of  the  girders  being  so 
rotten  as  to  be  easily  broken  by  the  fingers. 
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The  Yictoria  Bridge  across  the  St.  Lawrence  Kiver  at  Montreal 
has  become  so  seriously  corroded,  though  under  constant  care  by 
the  engineers  and  a  corps  of  painters,  that  the  whole  floor-beam 
structure  required  renewal,  it  being  found  impossible  to  repair 
the  old  beams,  as  the  cutting  out  of  one  rivet  was  followed  by  the 
loosening  of  all  those  in  its  immediate  vicinity,  all  being  pitted 
around  the  heads  and  points,  and  in  many  cases  the  body  of  the 
rivet  and  the  surrounding  metal  showed  corrosion  to  a  marked 
degree.  The  renew^als  comprised  656  new  floor  beams  15  feet  9 
inches  long,  weighing  2,100  pounds  each,  placed  on  7-feet  centres 
between  the  old  ones  that  it  was  found  impossible  to  remove.  From 
the  present  outlook,  this  important  structure  will  be  either  con- 
demned and  taken  down,  or  else  will  fail  from  corrosion  and  fall  into 
the  river  within  a  century  from  its  construction.  The  mill  scale 
was  left  on  the  plates  as  they  were  originally  put  into  the  struc- 
ture ;  no  care  was  taken  to  paint  the  plates  before  rusting,  and  the 
successive  coats  of  iron  oxide  paint  have  been  applied  over  each 
other  without  scraping  the  old  coatings  off,  until  a  flake  of  paint 
coating  shows  the  successive  coats,  alternated  with  rust,  as  plainly 
indicated  as  the  leaves  in  a  book. 

DR.    ANGUS   smith's  ANTI- CORROSIVE  WATER-PIPE   COMPOUND. 

The  practical  effects  of  the  application  of  any  anti-corrosive  or 
protective  compound  to  water-pipes  or  other  ferric  bodies  buried 
in  the  earth  are  necessarily  slow  to  determine,  but  occasionally  a 
result  is  reached  that  is  worthy  of  record. 

At  a  late  meeting  of  the  New  England  Water  Works  Associa- 
ti(jn,  Mr.  Peter  Milne,  engineer  in  charge  of  the  extension  and 
distribution  of  the  Brooklyn,  N.  Y.,  water  supply,  reports  :  That  a 
thirty-six-inch  water  main,  laid  thirty-five  years  ago,  was  un- 
covered for  some  distance  for  the  purpose  of  making  a  connection, 
and  was  found  to  be  in  almost  perfect  condition  externally,  and 
but  few  tubercular  or  other  deposits  being  on  the  inside  of  the 
pipe,  where  generally  the  most  trouble  is  produced  by  corrosion, 
or  tlie  formation  of  rust  cones. 

The  pipe  was  of  fine,  close-grained  iron,  cast  in  Scotland,  and 
had  been  treated  with  Dr.  Angus  Smith's  water-pipe  process  and 
compound,  which  consists  in  heating  tlie  pipes  or  other  bodies 
in  a  ijath  or  furnace  to  500'  Fahr.,  and  then  immersing  them  in  a 
mixture  of  coal-tar,  pitch,  Unseed  oil,  and  resin,  heated  to  300° 


RUSTLESS   COATINGS   FOR  IRON   AND  STEEL.  411 

FaHr.  In  tliis  mixture  the  castings  remain  until  they  have  cooled 
down  to  a  temperature  of  300°  Fahr.  The  preliminary  heating  of 
the  castings,  or  other  objects,  to  500°  Fahr.,  or  approximating 
degree,  is  the  prime  factor  for  success. 

It  goes  without  saying  that  a  composition  of  this  character, 
that  has  borne  this  test,  must  obviously  be  a  good  one  to  apply 
to  ferric  bodies  above  ground,  for  the  purpose  of  preventing  corro- 
sion ;  and  if  objection  is  made  to  its  sombre  appearance  or  want 
of  color,  it  may  be  noted  that  this  composition  will  take  over  it, 
and  bond  to  it,  any  lighter  or  tinting  color  desired,  when  the  base 
of  that  tinting  color  is  red  lead,  mixed  with  either  raw  or  boiled 
linseed  oil,  preferably  the  latter. 

Efforts  to  ascertain  the  formulae  used  by  Dr.  Smith  in  the 
preparation  of  his  water-pipe  compound  have  resulted  in  so  great 
a  variety  of  recipes  that  but  little  dependence  can  be  placed 
upon  any  one  of  them  being  the  one  sought  for,  the  temperature 
of  the  preliminary  heating  of  the  pipes  before  immersion  in  the 
bath  varying  from  700°  Fahr.  down  to  200°  Fahr.,  and  the  varia- 
tion in  the  proportion  of  the  ingredients  of  the  composition  was 
equally  startling. 

Mr.  Charles  Hermany,  engineer  of  the  Louisville,  Ky.,  water 
works,  writes,  in  answer  to  queries  upon  the  corrosion  of  water- 
pipes,  and  Dr.  Smith's  compound  : 

"As  regards  injury  or  destruction  of  water-pipe  by  rust,  I  have 
had  no  startling  experience  or  observation,  inasmuch  as  it  has  been 
upon  rare  occasions  that  I  have  found  pipes  destroyed  or  rendered 
useless  by  rust.  As  to  Dr.  Angus  Smith's  coal-pitch  varnish  for 
protecting  cast-iron  pipe  against  rust,  and  the  best  formulae  for 
its  application,  I  regret  to  say  that  I  cannot  tell  you  where  to 
find  it. 

"  Some  years  ago,  for  a  number  of  seasons  in  succession,  I  strove 
diligently  to  coat  water-pipe  according  to  his  formula,  as  given  in 
James  P.  Kirkwood's  book  on  the  Brooklyn  Water  Works,  pub- 
lished somewhere  about  1866,  and  to  my  utter  surprise  and  disgust 
found  that  I  was  unable  to  coat  the  pipes  any  better  than  is  done 
in  the  ordinary  way  by  the  pipe  foundries,  which  ordinary  way  is 
not  much  better  than  a  blackening  process  by  the  use  of  ordinary 
coal-gas  tar.  In  expressing  so  disparaging  an  opinion  about  this 
method  of  coating  pipe,  I  am  nevertheless  constrained  to  say 
that  pipe  taken  out,  which  had  been  treated  in  this  ordinary  pipe- 
foundry  fashion,  I  have  found  some  of  them  to  be  so  perfectly 
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protected  that  in  the  course  of  from  eight  to  sixteen  years  rust 
had  not  attacked  the  iron  at  all,  the  coating  being  as  perfect  and 
efficient  as  when  first  applied.  Such  a  result,  however,  is  an  ex. 
ception  and  not  a  rule,  for  in  the  majority  of  cases  where  I  have 
had  opportunities  for  examining  the  pipe,  the  coating  on  the 
inside  of  the  pipes  was  all  gone,  and  so  far  as  any  opinion  could 
be  formed  from  an  inspection  thereof,  it  had  been  of  little  or  no 
use  in  prolonging  the  life  of  the  pipe. 

"  The  great  difficulty  I.  experienced  in  trying  to  apply  the  coal- 
pitch  varnish  as  specified  by  Dr.  Smith,  I  found  in  heating  the 
bath  and  the  pipe  up  to  the  required  temperature  (300°  Fahr.). 
At  this  temperature  the   coal-pitch  varnish,  under   atmospheric 
pressure,  becomes  simply  unmanageable,  by  approximating  closely 
the  condition  of  volatilization,  and  going  everywhere  except  where 
you  want  it,  and  the  immersion  of  a  hot  pipe  of  somewhat  near  this 
temperature  into  the  bath  of  coal-pitch  varnish  resulted  invariably 
in  a  thick,  apparently  unbroken,  and  exceeding  brittle  coating,  so 
brittle  that  it  would  crack  in  the  ordinary  handling  of  the  pipe ; 
and  therefore,  on  account  of  the  failure  of  the  application  of  the 
Smith  formula,  I  have  since  allowed  the  pipe  foundries  to  do  the 
coating   in    the    ordinary   and   somewhat   careless   way,   simply 
because  I  know  of  no  better.     I  do  not  know  what  the  tension 
of  vapor  or  steam  from   coal    pitch  at   a   temperature   of   300° 
Fahr.  would  amount  to,  but  it  would  hardly  be  less  than  that  of 
water,  which  gives  a  pressure  of  53  pounds  to  the  square  inch,  so 
you  can  readily  perceive  that  to  maintain  such  a  temperature  in 
atmospheric  pressure  is  simply  impracticable. 

"I  mail  you  herewith  a  copy  of  the  Twenty-fifth  Annual  Keport 
of  this  company  ;  on  pages  22  and  23  you  will  find  a  brief  account 
of  protecting  the  inside  of  the  stand-pipe  with  hydrauUc-cement 
mortar.  This  was  an  unqualified  success  in  protecting  the  pipe 
against  further  corrosion,  as  was  proved  at  the  time  of  the  de- 
struction of  the  pipe  by  the  tornado  in  March,  1890,  when,  upon 
examination  of  the  fallen  pipe,  it  was  found  that  the  cement  lining 
applied  was  in  perfect  preservation,  and  the  attack  of  rust  on  the 
iron  completely  arrested  thereby. 

"  The  inlet  pipe  to  this  company's  pumping  station,  put  in 
operation  in  1800,  is  of  wrought-iron  plate  three-eighths  of  an  inch 
thick  and  50  inches  in  diameter,  and  about  300  feet  in  length. 
Prior  to  the  completion  and  use  of  tbe  new  pumping  station, 
there  was  never  an  opportunity  for  the  careful  examination  of 
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this  pipe  as  to  its  condition  for  further  service  or  durability,  until 
during  the  past  season,  when,  upon  a  thorough  examination,  it 
was  found  to  be  very  much  and  quite  irregularly  eaten  up  by 
rust  on  the  inside.  In  many  places  fully  half  the  thickness  of 
the  iron  w^as  eaten  away,  and  much  more  than  half  its  strength 
for  resisting  external  pressure  at  these  points  destroyed.  The 
irregularities  of  the  rust  being  considered,  it  will  not  be  proper 
to  say  that  half  the  strength,  or  as  much  as  half  the  pipe,  has 
been  destroyed,  because  in  a  good  portion  of  the  pipe  the  metal 
did  not  seem  to  have  been  materially  injured  by  rust.  The  irregu- 
lar, splotchy,  and  spotty  manner  of  corrosion  is  to  me  wholly 
inexplicable,  for  the  interior  of  the  pipe  was  attacked  and  rusted 
in  a  manner  as  though  the  surface  had  been  inoculated  wdth  a 
poison,  which  did  not  extend  over  the  entire  surface,  and  left 
parts  with  the  original  mill  scale  not  destroyed. 

*'  This  pipe  was  cleaned  by  scraping  off  the  rust  and  brushing 
and  washing  off  the  soft,  plumbago-like  coating,  and  then  it  was 
plastered  on  the  inside  with  hydraulic-cement  mortar,  applied  to 
a  thickness  of  one-fourth  to  three-eighths  of  an  inch,  this  work 
being  done  by  ordinary  house  plasterers.  Imported  Portland 
cement  was  used  for  about  two-thirds  of  the  length  of  the  pipe, 
and  native  Louisville  cement  for  the  remainder,  the  change  from 
the  Portland  to  the  Louisville  cement  being  occasioned  by  the 
slow  setting  of  the  former  and  iu different  adhesion  to  the  iron,  as 
compared  to  the  Louisville  cement,  which  set  promptly,  and  w^as 
applied  with  much  less  trouble  and  delay  than  with  the  foreign 
cement.  With  this  cement  on  the  inside  of  the  pipe,  it  will  last 
for  an  indefinite  length  of  time,  inasmuch  as  the  exterior  of  the 
pipe  does  not  seem  to  be  affected  by  rust,  it  being  incased  by 
river  silt,  which  is  approximately  a  perfect  protection  against  the 
attack  of  rust." 

THE  BOWER-BARFF  PROCESS. 

The  merits  of  the  Bower-Barff  process  for  producing  a  rustless 
coating  on  iron  and  steel  are  receiving  more  attention  than  was  at 
first  manifested  in  tlie  process.  Its  application  is  no  longer  con- 
fined to  small  articles,  but  the  better  class  of  wrought-iron 
constructions,  railings,  elevator  cages,  and  even  the  heavier  and 
more  important  parts  of  modern  iron  buildings  are  receiving  such 
consideration  from  architects  and  builders,  that  it  is  no  longer 
necessary  to  refer  to  European  practice  for  evidences  of  its  value. 
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The  use  of  tlie  process  lias  been  steadily  increasing  for  the  past 
ten  years,  the  principal  cities  of  the  United  States  being  now 
provided  with  furnaces  for  the  treatment  of  articles  of  any  reason- 
able weight,  size,  and  length.  The  wronght-iron  railings  and 
fittings  of  over  one  hundred  and  fifty  of  the  largest  and  »finest 
appointed  office  buildings  in  the  country  attest  its  merits. 

In  the  new  Congressional  Library  Building  at  Washington — 
one  of  the  largest  and  finest  buildings  in  the  world — the  whole 
range  of  bookcases  and  shelving,  and  all  the  visible  iron  and 
steel  work  of  the  construction,  is  Bower-Barffed,  and  all  of  the 
balance  of  the  iron  and  steel  work  is  coated  with  red-lead  paint — 
oxide-of-iron  paints  being  specially  prohibited  from  use  in  any 
part  of  the  construction.  Thus  are  brought  together  under  one 
roof  the  two  best  known  methods  for  the  preservation  of  iron 
from  corrosion,  the  comparative  merits  of  which  will  be  for  the 
coming  generations  of  architects  and  engineers  to  decide. 

A  late  improvement  of  the  Bower-Barff  process,  called  the 
'*  "Wells  process,"  consists  in  forming  the  black  or  magnetic  rust- 
less coating,  Fe304,  by  one  operation  in  a  thorough  and  com- 
plete manner,  by  subjecting  the  articles  to  be  treated,  when 
brought  up  to  the  required  temperature,  to  the  action  of  mingled 
steam  and  carbonic  oxide  gas,  instead  of  the  usual  Bower-Barff 
process  of  the  alternating  action  of  hot  air,  producer  gas,  and 
steam  ;  this  latter  process  forming  at  first  FeaOs,  red  rust,  or 
forge-scale,  and  then  reducing  this  to  the  required  coating, 
Fe304. 

The  cost  of  applying  the  .process  must  necessarily  vary  with 
the  size,  weight,  and  other  characteristics  of  the  article  to  be 
treated.  For  builders'  hardware  and  that  class  of  articles  called 
shelf  goods,  domestic  articles,  etc.,  the  cost  is  about  five  per  cent, 
of  tlie  net  cost  of  the  goods  to  the  manufacturer.  Wrought-iron 
grilling,  office  railings,  and  the  better  class  of  scroll  and  fancy 
work  cost  about  two  cents  per  pound.  Wrought-iron  steam  and 
water  pipe  is  coated  for  about  the  same  expense  per  pound  as  is 
required  to  paint  it.  A  further  benefit  to  this  class  of  articles  is 
liad  in  the  fact  that  the  inside  of  the  pipe  receives  at  the  same 
time  the  same  coating  as  the  external  parts.  Wrought-iron 
I-beams,  channels,  and  other  shapes  entering  into  building  con- 
structions can  bo  treated  very  cheaply;  the  principal  ex|)ense 
is  first  cost  of  the  furnace ;  the  actual  operating  expenses  are 
very  small — fractions  of  a  cent  per  pound.  ^ 
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It  lias  been  found,  in  articles  treated  by  the  Bower-Barff,  also 
by  the  Wells,  process  that  a  permanent  elongation  and  increase  in 
size,  amounting  to  one-twenty-fourth  inch  per  foot,  is  had,  which 
must  be  allowed  for  in  the  litting  up  if  the  pieces  are  to  be  as- 
sembled ;  otherwise,  there  appears  to  be  no  change  in  the  strength, 
other  than  due  to  annealing  processes. 

The  Bower-Barif  Kustless  Iron  Company,  No.  31  Nassau  Street, 
New  York,  have  issued  lately  a  pamphlet,  No.  Y.,  describing 
their  process,  in  connection  with  the  W.  T.  Wells  process,  and 
giving  a  list  of  the  principal  buildings  in  the  United  States  where 
their  work  has  been  applied  to  a  greater  or  less  extent. 

An  instance  of  the  almost  imperishable  nature  of  this  magnetic 
oxide-of-iron  coating  is  found  in  the  famous  wrought-iron  column 
of  Delhi,  India.  This  column  is  remarkable  not  alone  fcr  its 
beauty  as  an  object  of  art,  but  also  for  the  constructive  skill  of  the 
earlier  race  of  iron- workers.  It  must  have  required  centuries  of 
practice  to  have  acquired  the  knowledge  and  manual  skill  to 
forge  and  erect  it. 

It  is  of  wrought  iron,  sixty  feet  in  li eight,  sixteen  inches  in 
diameter  at  the  base,  and  tapering  to  twelve  inches  at  the  top,  with 
an  enlarged  and  ornamental  fluted  capital,  and  was  forged  solid, 
the  capital  ornaments  chipped  to  form  and  finish,  the  chisel  and 
file  marks  thereon  being  distinctly  discernible.  Its  weight  is 
approximately  seventeen  tons,  and  it  was  erected  900  e.g.  The 
surface  of  the  whole  column  is  practically  free  from  rust,  except 
where  modern  vandalism  has  defaced  it,  even  to  the  extent  of  its 
affording  a  target  for  her  Majesty's  artillery  officers  to  exercise  their 
guns  upon.  It  had  been  treated  by  the  magnetic  oxide-of-iron 
process  before  erection  by  its  Indian  forgers,  and  it  stands  to-day 
one  of  the  most  remarkable  examples  of  ironwork  that  has  ever 
been  constructed,  and,  with  all  our  boasted  western  or  latter-day 
progress  in  the  arts  and  sciences,  could  not  have  been  duplicated 
previous  to  the  year  1S60  in  the  United  States,  nor  in  the  whole 
of  Europe,  by  more  than  a  half-dozen  forge  firms.  Much  may  be 
due  for  its  preservation  from  corrosion,  to  the  wonderful  climate 
of  India,  but  the  fact  remains  that  the  Indian  forgers  recognized 
that  some  means  for  its  preservation  was  needed,  and  they  applied 
that  method  that  observation  had  taught  them  w^as  the  most 
effective,  and  Avhich,  no  doubt,  was  the  slow  growth  of  the  cen- 
turies that  passed  while  they  w^ere  acquiring  the  mechanical  and 
directive  skill  that  rendered  its  construction  possible. 
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DISCUSSION. 

2f)'.  Uennlng. — I  would  like  to  call  attention  to  an  apparent 
contradiction  on  page  372.  We  have  so  mucli  to  take  out  of  this 
paper  that  anybody  can  be  suited.  A  great  deal  of  attention  is 
given  in  the  paper  to  the  more  rapid  corrosion  of  unstrained  than 
strained  material,  but  on  page  372  it  is  summed  up  in  the  follow- 
ing words:  "  The  test  made  with  specimens,  after  being  submitted 
to  torsional  stress,  representing  a  bar  that  had  been  twisted 
through  an  angle  equal  to  half  a  revolution,  and  prepared  similar 
to  those  in  the  tensile  tests,  showed  results  identical  with  the  ten- 
sile strains.  In  every  instance  the  unstrained  metal  Avas  the  electro- 
positive element,  and  was  corroded  more  rapidly  by  the  sea  water." 
In  the  next  paragraph  it  is  said :  ''  This  conclusion  was  further 
supported  by  tests  made  with  iron  and  steel  plates,  when  a  flat' 
piece  was  compared  with  one  bent  into  an  U  or  semicircular 
trough ;  the  bent  plate  in  each  case  proving  to  be  the  one  most 
easily  acted  upon  by  the  solution."  [N'ow  if  the  bent  plate,  which 
was  the  strained  plate,  was  most  easily  acted  on  by  the  solution, 
that  would  be  the  most  easily  corroded  plate.  There  are  a  few 
other  similar  contradictions  which  ought  to  be  eliminated  or 
corrected. 

Mr.  F.  H.  Boyer. — I  would  like  to  say  a  little  of  my  own 
experience  in  Boston  in  putting  salt  water  through  iron  pipes. 
We  have  a  pipe  line  which  is  1,800  feet  long,  through  which  we 
keep  continually  circulating  salt  Avater;  and  in  two  and  a  half 
years,  without  any  deterioration  of  the  thickness  of  the  metal,  the 
iron  has  become  so  soft  that  we  will  have  to  replace  it.  This 
apparently  is  not  corrosion.  The  entire  thickness  of  the  metal  is 
there,  but  the  iron  changes  to  the  condition  almost  of  plumbago. 
You  can  take  a  knife  and  make  a  hole  right  through. 

The  Chairman. — Is  that  cast  iron  ? 

Mr.  F.  II.  Boyer. — That  is  cast  iron,  made  down  somewhere  in 
Pennsylvania.  I  do  not  remember  the  maker's  name.  Samples 
have  been  taken  to  the  School  of  Technology.  It  leaves  us  with 
a  very  fine  prospect  of  having  to  renew  1,800  feet  of  12-inch  pipe. 
I  have,  around  New  York,  in  past  times,  had  experience  with 
salt  water  working  on  cast  iron,  but  never  such  an  experience  as 
this.  I  would  like  some  explanation,  if  there  are  any  of  the  mem- 
bers who  have  had  a  similar  experience. 

Mr.  liolert  Cartwright. — This  is  a  subject  which  has  occupied 
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eno^ineers  for  years  without  vet  havino^  a  solution.  But  in  attend- 
ing  this  last  session  of  the  Society  I  have  been  led  to  think  that  we 
are  arriving  at  a  solution.  It  is  very  simple  to  cure  all  of  this  now, 
as  I  understand.  Of  course,  I  am  not  a  chemist,  and  do  not  speak 
of  my  own  knowled^^e.  All  that  is  necessarv  now  is  to  take  a 
sample  of  your  iron,  submit  it  to  a  chemical  test,  and  you  have 
got  the  cure.  You  want  to  know  how  much  carbon,  how  much 
silicon,  and  everything  of  that  kind,  before  you  make  your  cast- 
ing. At  the  same  time  the  corrosion  and  the  deterioration  of 
pipes  have  kept  on  till  now.  I  say,  I  hope  we  have  arrived  now 
at  a  time  when  we  are  going  to  cure  all  that.  I  am  practical, 
not  theoretical.  When  you  speak  of  the  softening  of  the  iron  by 
the  sea  water,  so  that  you  could  easily  bore  a  hole  through  it,  I 
recall  that  I  have  seen  a  propeller  wheel  which  I  could  whittle 
right  through  with  my  knife.  That  was  very  easy  to  cure.  We 
cured  it  in  a  ver}^  short  time  by  putting  on  a  new  wheel.  Now, 
had  we  known  what  we  are  comino:  at  to-dav,  we  would  onlv 
have  had  to  know  how  much  silicon  to  put  in,  how  much  carbon 
to  put  in,  and  that  would  have  cured  the  whole  thing.  You  take 
a  steam-chest,  where  they  use  tallow  as  a  lubricator — it  will  do 
the  same  thing.  You  put  it  in  sea  water,  whether  it  is  cast  iron 
or  wrought  iron,  and  one  wheel  will  run  as  long  as  the  ship 
runs  and  not  be  affected  at  all,  while  another  will  all  go  like 
sugar.  Why  is  it  ?  This  chemical  anal\^sis  is  going  to  give  the 
whole  secret  of  it.  I  do  not  wish  to  decry  science.  But  I  will 
take  two  of  the  best  irons  that  vou  can  brinof  to  me,  and  I 
will  bring  out  of  the  cupola  a  product  that  you  cannot  use. 
There  is  as  much  in  the  manipulation  of  pouring,  of  heating,  and 
of  fluxing  cast  iron,  as  in  all  of  your  chemical  anal3'sis.  I  have 
got  ten  tons  in  a  ladle.  We  have  put  in  the  different  ingredients, 
so  much  silicon  and  phosphorus  and  manganese,  and  all  that.  I 
have  my  ten  tons  of  iron,  and  I  can  tell  3'ou  when  to  pour  it,  by 
observation.  Many  times  I  have  let  my  iron  sta}^  an  hour,  two 
hours,  to  get  to  the  point  at  which  ocular  demonstration  tells  me 
it  is  time  to  pour.  I  tell  you  that  science  is  not  going  to  do  the 
whole  of  it.  Why  is  it  that  we  have  these  tremendous  castings 
coming  out,  and  the  man  who  makes  them,  and  is  responsible  for 
them,  does  not  know  what  carbon  is,  or  phosphorus  or  silicon  is, 
but,  orentlemen,  he  brino:s  the  o^ood  castin^:  out  of  the  sand  everv 
time.  Your  science  is  not  w^orth  a  rush  without  the  practice. 
My  friend  Kent  the  other  night  sounded  the  key-note  of  the 
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whole  thing,  ^e  had  here  two  tests  of  engines,  one  with 
the  modern  high  pressure  of  180  pounds  of  steam,  compounded, 
compared  with  a  40  pounds  pressure,  old  style,  and  he  said  the 
test  was  worth  nothing.  It  is  all  useless  putting  this  array  of 
figures  on  the  board,  and  taking  the  time  of  us  engineers  to 
listen  to  it,  unless  you  subject  the  engines  to  the  same  trial  and 
under  like  conditions. 

Mr.  II.  B.  Roelker. — I  have  seen  in  the  newspapers,  and  have 
heard  privately  from  engineers,  that  similar  corrosion  has  taken 
place  in  the  iron  sewer  pipes  and  water  and  gas  pipes  in  Brooklyn 
since  the  development  of  electric  power  in  that  city,  and  very 
probably  the  same  cause  may  explain  the  corrosion  of  the  pipes  in 
Boston.  We  know  that  on  coppered  steamers  such  corrosion  of 
exposed  cast  iron  will  occur  every  time,  without  exception,  in  the 
length  of  time  mentioned,  or  a  shorter  time.  When  a. cast-iron 
propeller  and  stern  bearing  are  put  on  a  coppered  steamer,  the 
iron  is  eaten  out,  and  the  black-lead  remains,  preserving  the 
original  shape  of  the  cast  iron.  I  have  often  seen  that  after 
three  years'  time  no  iron  was  left  in  a  propeller  blade  of  1^ 
inches  thickness,  but  the  original  form  remained,  composed  of 
black-lead.  In  that  case  it  is  galvanic  action,  and  very  probably 
it  is  galvanic  action  in  the  case  of  the  gentleman's  pipes.  Soft 
iron  is  generally  considered  to  disappear  much  quicker  than  hard 
iron. 

Mr.  W.  F.  Durfee. — This  discussion  has  called  to  mind  an 
experiment  of  my  own  which  was  made  some  years  since,  in  the 
reduction  of  iron  from  its  ore  in  crucibles.  Some  friends  of  the 
concern  with  which  I  was  connected  at  that  time  had  discovered 
a  wonderful  deposit  of  magnetic  iron  ore,  and  nothing  Avould  suit 
them  but  seeing  some  wrought  iron  made  from  that  ore.  They 
wanted  to  know  if  I  could  do  it.  I  said  yes,  I  can  reduce  enough 
of  that  ore  in  pots  to  make  a  heat  in  the  puddling  furnace,  some 
four  hundred  pounds,  and  I  can  puddle  that,  and  make  you 
some  wrought  iron.  They  made  an  arrangement  with  me  to  do 
it.  I  think  it  was  the  largest  operation  of  reducing  iron  from  the 
ore  in  pots  that  was  ever  done.  Every  one  of  those  pots  was 
charged  alike ;  the  same  quantity  of  ore,  the  same  quantity  of 
charcoal,  the  same  quantity  of  flux,  and  the  conditions  were  made 
as  uniform  as  possible.  The  pots  remained  in  the  gas  melting 
furnace  about  the  same  period  of  time,  and  were  taken  out  and 
allowed  to  cool  in  the  same  way,  and   the  button  of  iron  taken 
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out  of  the  bottom  of  the  pots,  and  the  majority  of  those  buttons 
were  good  gray  iron.  There  were  some  half  a  dozen,  however, 
that,  when  broken  (we  broke  them  all),  were  as  black  as  tar ; 
they  seemed  to  be  supersaturated  with  carbon ;  at  least,  that  was 
the  interpretation  that  I  put  upon  their  appearance.  You  could 
whittle  them  like  the  iron  that  has  been  talked  about  here.  I  did 
not  have  an  analysis  of  any  of  those  buttons  made,  but  I  was 
curious  to  know  what  would  be  the  result  of  remelting  these 
supersaturated  buttons  in  crucibles.  They  were  put  into  a  cruci- 
ble all  together,  and  melted.  The  result  was  a  good  gray  but- 
ton of  cast  iron.  Just  the  remelting  operation  seemed  to  remove 
the  excess  of  carbon  that  was  in  them.  I  have  seen  a  few  such 
samples  of  iron  produced  in  the  ways  that  have  been  mentioned, 
but  I  have  never  seen  any  such  iron  produced  by  the  reduction 
operation,  except  those  buttons.  Just  exactly  what  the  condi- 
tions were  that  produced  that  result  and  failed  to  produce  gray 
iron  in  those  buttons,  such  as  was  produced  in  the  other  buttons, 
of  course,  it  is  impossible  to  say.  But  the  experiment  shows 
that  when  all  the  conditions  are  apparently  the  same,  that  there 
will  be  sometimes  accidental  results  obtained,  which  will  be  quite 
different  from  the  majority  of  results  under  apparently  the  same 
conditions. 

21r.  John  Piatt. — I  think  the  experience  of  manj^  of  you  will 
lead  you  to  think  that  what  was  mentioned  as  electrolysis  in  the 
pipe  in  question  will  not  be  the  difficulty  to  look  for.  It  is  a 
well-known  fact  that  salt  Avater  under  any  velocit}^  acts  very 
readily  on  some  kinds  of  cast  iron  ;  so  much  so  that  all  engineers, 
in  designing  machinery  for  this  purpose,  have  almost  invariably 
used  some  composition  ;  and  this  must  be  due  to  the  fact  that  the 
different  compositions  of  the  iron  come  into  play,  and  one  never 
knows  exactly  what  is  going  to  occur.  Some  irons,  we  have 
been  told,  Avill  not  be  acted  on  by  salt  water  at  all.  Others,  we 
know,  will ;  so  that  we  are  not  at  liberty  to  make  use  of  this 
material  for  such  a  purpose.  If  the  processes  brought  out  in  this 
paper  will  lead  us  to  any  results  by  which  we  can  use  iron  for 
such  a  purpose,  I  am  sure  they  will  be  of  the  greatest  benefit  to 
the  engineer. 

Mr.  Durfee. — I  will  supplement  my  remarks  with  the  state- 
ment that  I  have  had  some  experience  with  the  use  of  cast  iron 
in  connection  with  salt  water,  and  I  have  noticed  that  if  the 
castings  were  made  very  soft,  they  would  perish  very  rapidly.     A 
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castiiiir,  to  be  used  in  salt  water,  should  be  of  hard,  dense  iron, 
of  course,  not  brittle,  but  a  very  close-grained  iron,  inclined  to  be 
hard  :  and  such  an  iron  will  resist  the  action  of  salt  water  very 

well  indeed. 

Mr.  Wm.  Kent. — There  is  one  paragraph  in  this  paper  to  which 
I  wish  to  call  particular  attention  :  "  At  the  recent  Annual  Conven- 
tion of  the  American  Institute  of  Architects,  in  a  discussion  on 
the  use  of  iron  and  steel  in  the  construction  of  modern  high  build- 
in  o-s,  it  was  reported  by  one  of  the  leading  architects  in  the 
United  States,  that  the  iron  floor-beams  removed  by  him  from 
the  old  Times  building,  though  in  use  only  thirty-five  years,  were 
rotten  with  rust.  They  were  enclosed  in  eight  inches  of  brick- 
work, and  had  been  well  painted  with  oxide-of-iron  paints,  and 
protected  by  asphaltum  coverings.  The  iron  came  off  in  strips, 
clearlv  showing  that  the  rust  had  followed  the  lamination  of  the 


iron. 

Xow,  for  the  last  five  years  in  ]N'ew  York  w^e  have  built  a  great 
number  of  buildings  with  just  that  construction — iron  hidden  in 
eight  inches  of  brick-work,  the  iron  being  painted  with  oxide-of- 
iron  paints,  and  protected  with  asphalt  covering.  It  is  very  im- 
portant for  us  to  know  whether  this  iron  which  we  are  burying  out 
of  sifdit  is  going  to  corrode  or  not.  It  is  totally  opposite  to  the 
evidence  on  the  other  side  of  the  question,  that  iron  in  some  loca- 
tions has  been  in  existence  for  thousands  of  years  without  rusting. 
But  if  it  is  so  that  this  can  happen  with  a  well-painted,  asphalted 
iron  beam,  it  is  an  extremely  important  matter  for  the  safety  of 
life  in  New  York  and  other  large  cities.  I  hope  this  question  will 
be  taken  up  by  architects  and  civil  engineers  and  others  having  to 
do  with  the  erection  of  these  large  buildings. 

Mr.  Durfee. — Following  out  the  thought  of  Mr.  Kent,  I 
wish  to  speak  of  a  construction  that  has  got  to  be  somewhat 
po])ular.  I  believe  it  is  the  subject  of  a  patent — I  have  been 
told  so,  but  I  do  not  know  who  the  patentee  is — that  is,  the 
making  of  a  compound  beam  of  two  "flitches"  of  timber, 
with  a  plate  of  iron  bolted  between  them.  That  construction 
is,  to  my  knowledge,  over  fifty  years  old.  A  piece  of  plate 
iron  bolted  between  two  timbers,  that  are  almost  invarialjly 
green  and  damp  when  they  are  ])ut  into  a  building,  is  very  liable 
to  be  attacked  with  rust,  which  will  continue  until  all  the 
strength  relied  on  from  the  metal  in  such  a  beam  has  departed 
by  oxidation.     Moreover,  if  the  timber  is  green  it  will  be  liable 
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to  rot  very  rapidly  in  contact  with  the  iron,  as  the  moisture  can- 
not realh^  escape. 

Mr.  Cartwright. — In  relation  to  the  surface  protection  of  plates, 
I  might  refer  to  the  new  Ironsides.  She  had  her  protective  armor, 
and  it  was  noticed  that  just  so  far  above  her  line  of  immersion  as 
her  plate  was  immersed  below  the  salt  water,  just  so  far  corrosion 
took  place.  JSTow  those  plates  were  kept  painted  all  the  time,  and 
yet  the  galvanic  action — presumed  to  be— corroded  that  plate. 
It  seems  to  have  the  same  effect  that  Mr.  Durfee  speaks  of  in 
that  wrought-iron  plate  between  the  wood  to  form  a  girder.  It 
is  the  worst  construction  that  can  be  made,  in  my  opinion.  In 
my  experience  of  forty-five  years  of  laying  pipe,  and  so  on,  there 
is  no  place  where  a  pipe  will  corrode  quicker  than  in  a  ship- 
3'ard.  You  put  a  pipe  through  the  oak  chips  of  a  shipyard,  and 
it  will  go  very  quickly — quicker  than  in  any  other  place  I  know 
of — gah^anized,  painted,  or  as  3^ou  please.  I  presume  it  is  due 
to  the  acid  of  the  wood,  as  Mr.  Durfee  justly  remarks.  Here 
is  a  damp  piece  of  green  wood  that  brings  this  acid  into  connec- 
tion with  the  plate.  This  rust  is  cumulative.  It  doesn't  stop. 
When  it  once  o-ets  an  entrance  it  will  disinteo^rate  the  Avhole 
plate  after  a  while.  Why  it  is,  that  is  for  you  chemists  to  find 
out,  not  for  us  practical  men.  I  do  not  care  whether  it  is  done 
by  science  or  by  practice. 

2lr.  Piatt. — When  you  say  shipyards,  you  mean  where  they 
build  wooden  ships,  I  suppose? 

Mr.  Cartwright. — Where  they  build  wooden  vessels. 

Mr.  Samuel  McElroy. — Mr.  President,  I  would  like  to  say  that 
this  question  of  corrosion,  and  especially  the  corrosion  of  cast- 
iron  pipes,  has  been  the  study  of  hydraulic  engineers  for  more  than 
a  o^eneration.  But  it  is  a  law,  and  not  a  continorencv,  and  our 
experience  goes  to  show  that  it  depends  first  on  the  quality  of 
the  metal,  then  on  the  exposure,  and  also  on  the  precautions 
used.  For  a  great  many  years  one  of  the  most  valuable  protec- 
tives  of  iron  exposed  to  acids  or  weather  action,  or  whatever  it 
may  be,  has  been  hydraulic  cement.  In  the  suspension  bridges  it 
was  found  that  the  most  valuable  material  in  which  the  wires 
could  be  buried  is  hydraulic  cement.  The  French  engineers  for 
a  long  time  coated  their  water  pipes  with  hydraulic  cement.  We 
find  this  corrosion  everywhere,  and  water  pipes  exposed  to  salt 
water  are  particularly  subject  to  it.  In  Xew  York,  along  the  docks, 
three  or  four  years  is  the  life.     The  ordinary  life  of  a  cast-iron 
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pipe  is  twenty  or  twenty-five  years,  as  a  rule.  This  subject  opens 
a  wide  field,  impossible  to  discuss  in  the  limited  time  we  have, 
but  I  believe  it  is  a  question  of  quality,  a  question  of  exposure,  a 
question  of  palliation  or  prevention. 

Mr.  E.  F.  C.  Davis. — There  is  probably  no  place  where  corrosion 
occurs  more  rapidly  than  in  an  anthracite  coal  mine.  There  the 
water  is  permeated  with  a  certain  amount  of  sulphuric  acid,  and 
sometimes  with  a  small  portion  of  nitric,  and  it  has  always  been 
found  that  pumps  and  pipes  under  ground  corroded  very  rapidly 
when  made  of  cast  iron.  I  have  seen  some  examples  of  cast  iron 
preserved  for  a  great  many  years  by  simply  coating  it  while  warm 
with  a  mixture  of  one-half  coal  tar  and  one-half  asphaltum.  I 
have  seen  pipes  submerged  in  mine  water  for  over  twenty  years, 
in  the  case  of  an  abandoned  mine,  and  it  was  found  that  the  cast- 
in  o-  was  in  the  same  condition  as  when  it  went  down  there,  that 
is,  utterly  free  from  the  action  of  acid.  This  coating  seems  to  be 
imperishable  so  long  as  no  mechanical  action  destroys  it.  It 
ans^^  ers  all  the  requirements,  where  there  is  no  actual  cutting 
action.  That  answers  the  purpose  for  the  outside  of  the  pipes, 
but  where  the  water  flows  through  them  it  will  cut  that  away. 
There  they  find  it  quite  practicable  to  preserve  the  pipes  by  giv- 
ing them  a  coat  of  this  coal  tar  and  asphaltum  while  warm,  then 
lining  them  with  five-eighths-inch  or  three-quarter-inch  of  pine 
staves,  and  the  swelling  of  the  staves  keeps  them  in  position. 
That  is  a  common  method  in  use  in  the  anthracite  regions.  The 
action  on  cast  iron  is  exactly  like  what  our  friend  from  Boston 
mentions.  The  iron  seems  to  become  turned  into  a  sort  of 
graphitic  compound.  The  volume  remains,  unless  it  has  been 
positively  cut  away  by  some  mechanical  action.  But  it  is  rather 
treacherous  in  that  respect,  because  the  iron  does  not  disappear, 
but  simply  loses  strength  and  weight. 

Anotlier  way  in  which  it  has  been  attempted  to  prevent  corro- 
sion, where  it  is  not  practicable  to  line  the  inside  of  pump  bodies 
and  pump  chambers  with  a  wooden  lining,  was  to  coat  the  cores 
with  a  paste  composed  of  silica  and  carbonate  of  soda.  I  have 
made  a  number  of  experiments  of  that  kind,  and  found  we  could 
get  a  coating  of  about  a  thirty -second  of  an  inch,  sometimes  thin- 
Der,  sometimes  thicker.  Tluit  coat,  although  very  thin,  was  sim- 
ply an  increase  of  the  ordinary  scale  that  comes  on  cast  iron,  and 
it  would,  in  many  cases,  double  the  life  of  the  casting.  It  is  now 
used  to  some  extent,  and  I  am  surprised  it  is  not  used  more  than 
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it  is  in  the  anthracite  regions.  It  does  not  cost  anything  to  speak 
of.* 

3Ir.  J.  T.  Hawkins. — Mr.  President,  I  would  hke  to  enter  a 
mikl  protest,  if  I  may  call  it  such,  to  what  seems  to  have  been  an 
attempt,  unintentional  perhaps,  to  belittle  the  chemist  in  this  dis- 
cussion, and  I  would  also  like  to  obtain  a  little  information  from 
the  same  gentleman  who  made  that  belittlement.  Perhaps  he  can 
give  the  information  to  me  and  to  the  rest  of  us.  We  know  that 
the  metallurgic  chemist  has  done  wonders  for  us  in  the  last  decade 
or  two,  and  but  for  him  we  would  not  to-day  have  what  is  known 
as  Bessemer  steel.  We  know  that  in  the  production  of  Bessemer 
steel  there  is  a  very  critical  period,  which  is  determined  chemically, 
at  which  the  operation  is  arrested.  That  is  the  critical  period  in 
its  process.  The  gentleman  who  thinks  so  little  of  the  metal- 
lurgic chemist  tells  us  that  he  can  take  a  ladle  of  cast  iron  when 
it  is  melted,  and  watch  it  for  one,  two,  or  three  hours,  and  there  is 
something  in  his  inner  consciousness  that  tells  him  just  exactly 
when  he  ought  to  pour  it.  Xow  the  chemist  tehs  us  in  the  case 
of  Bessemer  steel  in  a  way  that  we  can  all  follow ;  and  I  would 
like  the  gentleman  to  teil  me,  as  an  engineer  who  has  watched 
and  tried  for  a  good  many  years  to  get  good  results  in  making 
certain  kinds  of  castings,  without  having  been  able  to  quite  over- 
come the  difficulties,  how  he  determines  this  period,  so  that  we 
may  do  it.  Some  said  mv  difficulties  were  because  the  iron  was 
not  poured  at  the  right  time,  was  not  the  right  composition,  the 
cores  were  not  made  right,  etc.,  but  none  of  the  explanations 
exactly  hit  the  case.  I  thought  perhaps  my  friend  might  be  able 
to  tell  me  just  exactly  when  or  how  he  finds  out — just  exactly 
what  it  is  in  him  that  tells  him  when  to  pour  that  ladle  of  metal 
so  as  to  get  good  results. 

M7\  Cartwright. — I  offer  an  humble  apology  if  any  word  I  have 
said  has  been  with  a  view  of  belittling  chemical  science.  I  have 
the  greatest  respect  for  the  chemists,  and  the  greatest  respect  for 
their  research.     If  anything  I  have  said  conveys  the  impression 


*  112  pounds  Silica. 

44       "       Calc.  Soda  Carb. 

24       "       Calc.  Carb.  precip.  \^^'^^^  ^^^  thoroughly  pulverized. 
4       ''       Acid  Boracic.  j 

Coat  the  core  or  mould  with  plumbago  facing,  and  apply  the  enamel  as  a  pow- 
der or  paste  to  the  thickness  required. 
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that  I  belittle  it,  I  did  not  mean  an^^thing  of  the  kind  at  all.  Now 
this  is  practice,  gentlemen,  this  is  not  theory ;  and  I  think  I  will 
be  corroborated  by  every  man  Avho  has  run  a  cupola.  I  do  not 
mean  by  that  a  man  who  has  been  superintendent  of  an  establish- 
ment that  had  a  cupola,  but  a  man  who  has  had  to  go  in  and  cure  a 
sick  cupola,  with  an  incompetent  foreman  to  operate  it.  That  is 
what  I  mean.  Xow,  we  all  know  that  there  are  certain  manipula- 
tions ;  you  may  say  they  are  almost  intuitive.  I  am  not  the  only 
one  that  knows  it.  Any  one  who  pours  large  masses  of  iron  knows 
when  his  melted  iron  comes  out  into  his  ladle,  and  he  sees  it  by 
ocular  demonstration.  I  was  shown  it  by  those  who  taught  me, 
and  I  cannot  explain  it,  but  I  can  show  it  to  you.  Those  things 
you  cannot  get  by  chemical  research.  It  is  only  by  ocular  dem- 
onstration. When  Bessemer  steel  was  first  started  in  this  country 
they  sent  over  to  England  and  got  a  man  who  kept  his  eye  on  the 
flame,  and  said,  when  the  flame  assumed  the  right  color,  "  Now — 
this  is  the  time  to  pour  off."  They  tried  spectrum  analysis  and 
everything  of  the  kind  to  put  that  man  out,  but  they  didn't  do  it. 
In  Cleveland  they  put  a  man  to  watch  it,  and  when  its  color 
demonstrated  that  the  experience  of  the  other  man  told  him  it 
was  right,  then  pour  the  steel.  That  was  done.  The  high-priced, 
imported  man  was  soon  let  go.  Now,  is  there  any  trouble  in  all 
these  Bessemer* works  to  know  by  experience  when  the  carbon  is 
all  blown  out  of  the  iron  ?  Not  at  all.  Now,  these  are  matters 
of  experimental  or  practical  research,  not  theoretical  study.  Mr. 
Bessemer's  idea  of  blowing  out  the  carbon  and  charging  so  much 
afterwards  of  the  spiegeleisen  was  a  different  thing  altogether, 
but  Mr.  Bessemer  has  not  made  all  the  steel  that  has  been  made, 
and  he  has  not  made  all  the  improvements  that  have  been  made. 
They  have  been  made  by  practical  men.  Now,  I  take  it  back,  if  a 
word  I  have  said  conveys  the  impression  that  I  want  to  belittle 
science.  I  do  not  care  what  it  is,  but  when  I  see  the  scientist 
make  the  most  egregious  mistakes  in  producing  work,  when  a  prac- 
tical man  that  knows  nothinf]^  about  the  science  of  it  brings  out 
good  results,  there  is  a  reason  for  it.  I  am  afraid  we  are  like  the 
German  student  with  theology.  He  gets  along  to  a  point  where 
he  conceives  tlie  thing  so  fine  that  he  finally  concludes  that  there  is 
no  Supreme  Being.  I  think  we  are  chasing  a  myth.  Who  ever  that 
has  run  a  country  machine  shop,  as  I  have,  knows  anything  about 
starting  a  cliemical  laboratory  and  making  a  blue  print '^  You 
have  got  to  be  practical.     Science  and  practice  go  together. 


EUSTLESS   COATINGS   FOR   IROX   AND   STEEL.  425 

Mr.  M.  P.  Wood!^ — I  note  Mr.  Henning's  remarks  upon  a 
contradictory  paragraph  in  the  record  of  Mr.  Andrews'  experi- 
ments, page  372,  on  strained  and  unstrained  metal.  In  the 
galley  proof  sent  me,  "  the  most  easily  acted  iijpon^''  etc.,  was 
corrected  to  read,  "  the  least  easily i^''  etc.,  but  in  the  rush  to  get 
the  papers  out  for  the  customary  distribution  two  weeks  before  the 
date  of  the  meeting,  that  correction  and  some  others  got  left. 

Mr.  Boyer's  experience  with  the  twelve-inch  cast-iron  pipe  is 
remarkable  for  the  rapidity  of  the  change  from  iron  to  plumbago. 
Under  ordinary  circumstances  that  thickness  of  pipe  should  have 
lasted  about  twenty  years.  I  can  only  attribute  this  rapid  change 
to  the  moral  depravity  of  the  founder  who  cast  the  pipe,  which 
must  have  left  its  impress  on  the  materials  inanimate  ;  and  I  think 
the  analysis  of  the  pipe  samples  will  show  a  poor  grade  of  cast 
iron,  in  which  a  large  percentage  of  burnt  grate-bars  and  poor 
scrap  iron  entered,  instead  of  a  firm,  close-grained  iron.  I  hope 
Mr.  Eoyer  will  interest  himself  enough  in  this  subject  to  send,  for 
record  in  the  Transactions  of  our  Society,  the  anah^sis  of  this  pipe 
iron.  Something  in  this  case  is  no  doubt  due  to  continued  chang- 
ing of  the  salt  water  inside  of  the  pipe,  the  current  carrying  away 
the  particles  of  free  carbon  that  all  cast  iron  has  in  addition  to  the 
carbon  combined  with  the  iron,  any  slight  corrosion  only  rendering 
the  carbon  particles  more  easily  detached  from  the  metal,  and  the 
pressure  under  which  the  sea  water  was  being  forced  through  the 
pipes  would  also  search  out  these  particles  of  carbon  and  Fe203, 
and  expedite  the  change.  It  has  been  noted  that  cast-iron  piles 
and  other  castings  corrode  more  quickly  in  running  seas  or  where 
there  is  a  constant  change  of  the  sea  water  going  on ;  also,  that 
similar  cast-iron  objects  buried  in  slime  and  sea- water  mud  are  not 
corroded  so  rapidly  as  in  the  former  case.  I  hope  Mr.  Boyer  will 
also  give  us  the  detail  of  the  means  he  has  taken  to  prevent  a 
renewal  of  this  experience  of  short-life  pipe,  that  those  who  come 
after  us  in  the  counsels  and  debates  of  the  American  Society  of 
Mechanical  Engineers  may  have  a  record,  if  not  of  a  success,  of  at 
least  a  failure,  which  is  many  times  of  equal  importance  to  our  craft. 

Mr.  Milne's  experience  with  cast-iron  water  pipe  at  Brooklyn, 
N.  Y.,  and  Mr.  Hermany's  at  Louisville,  K\- .,  given  in  the  body 
of  this  paper,  though  conflicting  in  character,  and  uncertain  as  a 
guide  to  predict  a  future  result  therefrom,  are  none  the  less 
instructive,  and  show  us  how  important   it  is   to  keep  accurate 

*  Aatlior's  closure,  under  the  Rules. 
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records  of  the  details  of  engineering  work  in  all  stages  of  its 
progress,  if  not  for  the  enlightenment  of  the  engineer  in  charge, 
at  least  for  the  benefit  of  his  employers,  and  the  succeeding  engi- 
neer in  charge  of  the  work. 

Attention  to  the  little  things  often  decides  the  question  of  suc- 
cess or  failure  of  many  engineering  enterprises.  I  cite  a  case 
where  ten  miles  of  ten-inch  diameter  bell  and  socket  cast-iron 
pipe  was  laid,  thoroughly  calked,  and  tested  by  air  pressure, 
covered  in,  and  pronounced  a  highly  creditable  job,  which  even  our 
practical  friend  Cartwright  would  have  admired ;  yet,  when  the 
line  was  put  into  duty  of  piping  natural  gas,  it  went  ail  to  pieces, 
so  to  speak,  inside  of  two  months,  and  the  entire  line  of  pipe  was 
dug  up,  joints  drawn,  cleaned,  and  relaid,  at  an  expense  greater 
than  the  original  cost  of  the  whole  line,  pipe  and  all. 

The  difficulty  was,  that  coal-tar-coated  hydraulic  pipe  had  been 
laid  by  the  contractor,  and  allowed  by  the  engineer  of  the  pipe- 
line gas  company.  The  gas  softened  the  coating  of  the  pipe  ;  that 
on  the  inside  of  the  pipe  was  all  cleaned  off,  but  the  coatings 
covering  the  spigot  ends  and  inside  of  the  bells  softened  and 
oozed  with  the  pressure  of  gas  in  the  mains,  and  acted  as  a  lubri- 
cator for  the  pipes  to  go  and  come  on  at  the  changes  of  tempera- 
ture and  pressure  of  the  gas,  and  no  amount  of  calking  could 
keep  the  joints  tight.  Had  the  engineer  in  charge  of  the  work 
been  even  a  poor  chemist,  he  could  have  foreseen  the  cause  of 
failure  and  avoided  it;  the  cause  being  quite  independent  of  the 
composition  of  the  iron  in  the  pipe,  or  the  temperature  at  which 
it  was  poured  ;  the  personal  equation  of  the  latter,  in  Mr.  Cart- 
wright's  opinion,  being  a  greater  factor  for  success  than  the  for- 
mer, with  which  opinion  I  cannot  agree. 

Chemistry  alone  may  not  be  able  to  solve  the  problem  of  the 
corrosion  of  iron,  but  it  will  do  more  than  the  iron  founder,  who, 
out  of  a  hundred  or  more  castings,  should  he  find  one  or  more 
that  resisted  corrosion  to  greater  or  less  degree  than  the  others,  or 
that  was  stronger,  poured  better,  puddled  or  machined  better,  or 
haxl  one  or  the  other  of  the  many  qualities  sought  for  in  cast 
iron,  or  in  its  advanced  stages  of  manufacture  as  wrought  iron  or 
steel,  would  have  to  resort  to  the  chemist  and  his  analysis  to 
determine  wherein  the  differences  lay,  even  if  the  chemist  dis- 
regarded the  moments  of  inertia,  the  modulus  of  elasticity,  the 
coefficients  of  expansion  and  contraction,  as  zealously  as  the  most 
practical  of  all  the  iron  founders  since  the  days  of  Tubal  Cain. 
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Mr.  Tloelker  suggests  that  the  cause  of  the  corrosion  of  the  Bos- 
ton twelve-inch  water  pipe  was  electrolysis,  due  to  electric  currents 
from  the  street  railway  systems.  This  cause  could  not  have 
affected  the  pipe  so  uniformly  as  cited,  and  would  have  more 
likely  caused  failure  in  the  pipes  in  spots,  rather  than  a  collapse 
of  the  entire  line. 

In  the  discussion  of  this  paper,  reference  is  made  to  the  fact 
that  pieces  of  armor  and  ancient  weapons  have  been  found  after 
the  lapse  of  hundreds  of  years,  untarnished  by  rust.  In  explana- 
tion of  these  instances  of  non-corrosion,  it  is  stated  that  these 
articles  have  invariably  been  found  in  places  where  the  air  sur- 
rounding them  was  pure  and  dry,  and  practically  unchanged  from 
the  time  of  sealing  them  up  until  they  were  found  in  ihodern 
times ;  that  they  were  bright  and  polished,  and  had  no  mill  or 
forge  scale  upon  them  to  inaugurate  the  corrosion  process. 

On  pages  352  and  353  of  this  paper  the  deleterious  action  of 
mill  scale  to  inaugurate  and  perpetuate  corrosion  is  fully  shown. 
The  difference  between  this  corrosive  agent,  mill  or  forge  scale,  ses- 
quioxide  or  peroxide  of  iron,  Fe203  =  TO  per  cent,  of  iron  and  30 
per  cent,  of  oxygen,  and  the  black  or  magnetic  non-corrosive 
oxide  of  iron,  Fe304  =  71.9828  per  cent,  of  iron,  and  28.0172  per 
cent,  of  oxygen,  is  very  small ;  but  it  is  enough  to  determine  that 
the  first  is  one  of  the  most  perishable  metallic  bodies  known,  and 
the  other  one  the  most  imperishable. 

The  reduction  in  the  crucible  or  blast  furnace  of  either  or  both 
of  these  oxides  of  iron  to  a  metallic  state,  for  commercial  purposes, 
has  nothing  to  do  with  the  corrosion  of  the  product,  which  is  due 
to  the  access  and  accumulation  of  oxygen  instead  of  carbon  com- 
pounds. 

Instances  of  the  protective  nature  of  hydraulic  cement  were 
given  in  the  first  paper,^  and  are  otherwise  cited  on  pages  388, 
389,  and  412.  Much  depends  upon  the  quality  of  the  cement 
used,  the  method  of  its  preparation,  and  how  quickly  it  is  used 
after  being  wet  up,  and  before  it  has  ''set"  in  any  degree.  If 
broken  up  and  used  after  "  setting,"  it  is  as  worthless  for  pro- 
tective or  bonding  purposes  as  cornmeal.  In  any  case  of  its 
application  due  attention  should  be  paid  to  remove  the  forge  or 
mill  scale,  as  the  bond  of  the  hydraulic  cement  to  the  iron  it 
covers  can  in  no  case  be  superior  to  that  of  a  good  paint ;  the  con- 

*  Transactions  of  the  American  Society  of  Mechanical  Engineers,  Vol.  XV., 
No.  598. 
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dition  that  would  scale  the  cement  would  probabW  peel  off  the 
paint  and  leave  the  metal  exposed.  Either  of  these  injuries  to 
the  protective  coatings  will  be  less  liable  to  occur  if  the  coatings 
are  bonded  to  the  metal  direct  instead  of  to  a  semi-loose  inter- 
mediary body  of  forge  scale. 

In  regard  to  the  methods  adopted  for  the  protection  from  cor- 
rosion of  the  iron  structure  or  cage  which  is  so  prominent  a  con- 
struction feature  in  the  modern  sky-scraper  office  building — many 
of  them  twent}''  stories  high,  others  proposed  of  thirty  stories,  and 
even  fifty  stories  is  not  considered  as  a  limit  to  the  height  unless 
the  elevator  service  is  found  inadequate,  as  each  elevator  can  only 
supply  about  fifty  offices — but  little  can  be  said  in  favor  of  these 
methods,  and  everything  in  condemnation.  Since  the  December 
meeting,  where  the  effect  of  corrosion  upon  the  iron  beams  used 
in  ordinary  architectural  work  was  presented  (p.  409)  for  the  con- 
sideration of  this  Society,  the  leading  architects  of  IN'ew  York 
have  been  interviewed  by  the  Tribune  (Sunday  edition,  December 
30,  1894),  the  consensus  of  their  opinion  being  expressed  by  one 
of  the  prominent  members  as  follows : 

''  AVith  regard  to  the  strenci:th  of  the  steel  cao^e  constructions, 

O  O  CD  ' 

both  as  to  wind  strain  and  other  disturbing  strains,  there  is  no 
question.  We  have  overcome  all  objections  arising  from  these 
points,  but  unless  exceptional  care  is  taken  in  the  construction  to 
protect  the  steel  cage,  particularly  at  its  joints,  from  corrosion,  I 
l3elieve  that  this  class  of  buildings  will  not  be  permanently  safe. 
I  believe  it  to  be  perfectly  feasible,  with  great  care,  to  protect  the 
steel  frames  from  corrosion,  but  I  am  convinced  that  many  high 
buildings  have  been  put  up  in  this  country  where  the  proper  care 
in  this  respect  has  not  been  taken,  nor  the  necessary  preventives 
against  corrosion  applied." 

Further  comment  is  unnecessary.  I  can  only  add  that  out  of 
the  whole  number  of  these  structures  which  are  at  the  present  time 
(December,  1894)  in  course  of  erection  within  this  city  (New 
York),  which  I  have  inspected — some  twenty  or  more — but  a  small 
percentage  of  them  have  thus  far  received  what  may  be  con- 
sidered an  intelligent  treatment  for  preventing  the  corrosion  of 
the  metal ;  whatever  its  position  or  location  in  the  structure,  or 
the  nature  of  the  metal  used — cast  iron,  steel,  or  wrought  iron, 
nearly  all  of  the  work  has  been  painted  at  the  workshop  after 
machining,  wholly  or  in  part,  with  oxide-of-iron  (FcgOg)  paints 
applied  over  the  dirt  and  grease  due  to  machining  processes,  and 
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over  the  mill  scale  as  well.  In  the  few  cases  where  red-lead 
paint  had  been  used,  the  condition  of  the  Avork  was  slightly  better 
in  appearance  than  where  the  iron  paints  had  been  used,  but  the 
mill  scale  and  machine  grease  were  still  there,  and  too  many 
evidences  that  the  red-lead  paint  had  been  too  close  a  companion 
to  the  fish-oil  barrel,  and  had,  so  to  speak,  ''set"  in  the  paint-pot 
instead  of  upon  the  work. 

The  expense  for  soda,  acid,  and  other  items,  including  labor,  to 
clean  from  grease  and  mill  scale  the  class  of  wrought-iron  and  steel 
work  that  enters  into  the  construction  of  the  modern  office  build- 
ing will  be  about  one-tenth  of  a  cent  per  pound  of  material  treated, 
or,  by  the  square  yard,  will  be  a  little  more  than  the  labor  account 
of  the  painters  for  one-coat  work  per  square  yard  of  surface, 
depending  in  a  great  measure  upon  the  weight  of  the  beams, 
columns,  etc.,  which  vary  in  the  different  structures ;  also  in 
various  parts  of  the  same  structure. 

A  gallon  of  pure  linseed  oil  will  require  not  less  than  16  pounds 
as  a  minimum  quantity  of  pure  red  lead  to  21  pounds  as  a 
maximum  quantity,  for  a  reliable  non-corrosive  red-lead  paint 
which  will  cover  from  750  to  1,200  square  feet  of  metallic  surface. 
These  quantities  of  material  at  once  remove  red-lead  paint  from 
any  comparison  of  cost  with  the  oxide-of-iron  mixed  paints — 
principally  in  the  form  of  proprietary  goods,  the  ingredients  of 
which  are  only  known  to  the  makers,  and  the  character  and  per- 
formance of  which  will  vary  in  quite  as  erratic  a  manner  as  the 
price  paid  for  them — the  moral  turpitude  of  engineers,  as  w^ell 
as  the  architects,  permitting  them  to  be  used  to  the  detriment  of 
their  work ;  the  governing  factor,  present  cost,  being  paramount 
to  the  safety  of  their  structures. 
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EXPERIMEXTS    ON  A   SYSTEM    OF   GOVERNING  BY 

COMPRESSION, 

BY  JOHN  H.  BARR,  ITHACA,  N.  T. 

(Member  of  the  Society.) 

The  effect  of  compression  upon  steam  engine  economy  has  been 
a  subject  of  discussion  for  a  long  time.  Several  papers  recently 
presented  before  this  Society  have  revived  the  consideration  of 
this  topic,  and  have  been  followed  by  some  experimental  work ; 
but  it  is  probable  that  further  investigation  will  be  required  to 
settle  many  of  the  points  involved.  The  writer  of  the  present 
paper  became  much  interested  in  one  phase  of  the  question 
some  time  since,  and  was  led  to  begin  a  theoretical  and  experi- 
mental study,  which,  if  not  the  direct  consequence  of  the  earlier 
work  on  the  subject,  has  given  some  results  having  a  bearing 
upon  previous  discussions.  This  work  is  not  yet  as  complete 
and  exhaustive  as  it  is  hoped  to  make  it ;  but  the  experience  is 
related  now  because  it  is  thought  to  offer  experimental  data  of 
some  possible  interest. 

These  results  are  not  presented  as  conclusive  evidence,  and 
they  do  not  fully  accord  with  what  seems  to  have  been  a  some- 
what prevalent  idea ;  or,  rather,  they  indicate  that  this  idea, 
while  correct  in  a  general  way,  exaggerated  the  effect  of  certain 
phenomena. 

Tlie  combined  effect  of  compression  and  inertia  of  the  recipro- 
cating parts  upon  smoothness  of  running  at  high  speeds  was 
clearly  demonstrated  many  years  ago  by  our  honored  member, 
Mr.  Charles  T.  Porter.  The  value  of  compression  in  filling  the 
clearance  volume,  in  engines  with  large  clearance,  has  also  been 
recognized  in  a  general  way  for  a  long  time.  One  other  question, 
the  economic  value  of  compression  as  an  element  in  governing, 
has  been  the  subject  of  occasional  discussions  ;  but  experimental 
data  on  this  point  seem  to  be  meagre. 

*  Pre3^-nt»d  »t  thn  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mecljanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Trans- 
acliom, 


EXPERIMENTS  ON  A  SYSTEM  OF  GOVERNING  BY  COMPRESSION.      431 

It  has  been  well  known  for  a  long  time  that  a  given  engine 
with  given  initial  pressure,  etc.,  operates  with  the  lowest  steam 
consumption  per  horse-power  per  hour  at  a  certain  point  of  cut- 
off, and  that  a  variation  of  the  point  of  cut-off  either  side  of  this 
point  is  accompanied  by  a  higher  rate  of  steam  consumption. 
"With  a  given  initial  pressure,  back  pressure,  speed,  and  point  of 
exhaust  closure,  each  point  of  cut-off  corresponds  to  a  definite 
mean  effective  pressure  and  horse-power. 

A  lighter  load  is  usually  met  by  an  earlier  point  of  cut-off,  and 
a  heavier  load  by  a  later  cut-off.  The  rate  of  steam  consump- 
tion over  the  best  economy  usually  increases  faster  for  an  ear- 
lier cut-off  than  for  a  correspondingly  later  cut-off.  The  latter 
change  results  in  a  higher  terminal  pressure  with  greater  loss 
through  free  expansion,  but  this  is  in  part  compensated  by  a 
reduced  rate  of  cylinder  condensation  and  reevaporation. 

The  earlier  cut-off  gives,  on  the  other  hand,  a  greater  ratio 
of  expansion,  but  is  accompanied  by  a  much  larger  condensa- 
tion rate.  The  effect  of  the  earlier  cut-off  is  to  expose  the 
internal  walls  of  the  cylinder  to  steam  of  the  maximum  tem- 
perature for  a  shorter  time,  and  to  a  lower  temperature  for  a 
longer  time,  relatively,  than  is  the  case  with  a  later  cut-off. 
This  tends  to  reduce  the  mean  temperature  of  the  cylinder  walls, 
and  thus  to  increase  the  actual  amount  of  steam  condensed  per 
stroke,  while  the  indicated  horse-power  is  less,  and  thus  the 
rate  of  condensation  is  increased  from  two  causes.  The  general 
effect  of  a  high  ratio  of  compression  is  the  opposite  of  this ; 
that  is,  an  early  exhaust  closure  and  higher  mean  back  press- 
ure tends  to  raise  the  mean  temperature  of  the  walls,  and  hence 
to  reduce  the  amount  of  condensation. 

The  mean  effective  pressure  can  be  reduced  to  meet  the 
requirements  of  a  light  load  either  by  reducing  the  mean  for- 
"*  ward  pressure  or  by  increasing  the  mean  back  pressure.  The 
waste  per  horse-power  through  cylinder  condensation  is  pro- 
portional to  condensation  (actual)  divided  by  the  mean  effective 
pressure.  The  former  method  reduces  the  denominator  of  this 
expression,  but  tends  to  increase  the  numerator  at  the  same 
time,  while  the  latter  method  reduces  both  numerator  and 
denominator ;  hence  it  should  be  the  more  efficient  means  of 
securing  a  required  reduction  of  mean  effective  pressure  so  far 
as  the  condensation  waste  controls  efficiency. 

In  many  instances,  notably  in  electric  railway  plants,  the  en- 


432      EXPERIMENTS  ON  A  SYSTEM  OF  GOVERNING  BY  COMPRESSION. 

frines  run  at  much  less  than  the  most  economical  load,  a  great 
deal  of  the  time.  This  is  probably  often  the  result,  in  part,  of  a 
too  literal  adherence  to  the  injunction,  "  When  you  are  gittin', 
git  a  good  deal,"  in  buying  too  large  an  engine  ;  but  it  is  due 
more  to  the  necessity  of  providing  power  for  the  occasional  ex- 
cessive loads  to  which  these  plants  are  subject.  To  meet  the 
requirements  of  such  service,  an  engine  is  needed  which  will  run 
with  reasonable  economy  at  considerable  less  than  the  best  load. 
The  very  heavy  loads  usually  last  for  short  periods  only,  and 
have  correspondingly  less  effect  upon  the  running  expenses. 
From  trials  and  observation  of  the  performance  of  such  plants, 
the  writer  became  much  impressed,  something  over  a  year  ago, 
with  the  idea  that  a  suitable  system  of  compression  governing 
might  improve  the  economy  of  an  engine  under  light  loads.  This 
was  by  no  means  a  new  idea ;  it  has  probably  occurred  to  a  great 
manv  engineers.  In  a  paper  read  at  the  Hartford  meeting  of 
the  Society,  in  1881,*  Dr.  Thurston  said : 

"  Since,  however,  the  proper  ratio  of  expansion  for  the  engine, 
when  once  installed,  is  determined  mainly  by  the  steam  press- 
ure, and  since  any  variation  from  this  point  is  usually  produc- 
tive of  reduction  of  efficiency,  it  would  seem  that  the  ratio 
should  be  fixed  at  the  best  proportion  for  the  steam  pressure 
adopted,  and  never  changed.  ...  It  becomes  at  once  evident 
that  an  allowable  system  of  regulation  must  now  affect  the  back 
pressure  or  cushion  line.  ...  It  then  becomes  evident  that 
the  only  admissible  plan  is  the  variation  of  the  net  power  of  the 
engine  by  an  alteration  of  the  compression  line.  ...  It 
would  seem,  then,  that  we  have  here  an  admissible  method  of 
regulation,  and  one  which  should  be,  on  the  whole,  that  best 
fitted  to  give  high  efficiency,  since  any  excess  of  work  of  com- 
pression results  simply  in  the  transfer  of  heat  back  to  the 
steam  side." 

At  the  New  York  meeting  in  1883,  Mr.  Tabor  presented  a 
paper  upon  "Compression  as  a  Method  of  Governing,"  t  in 
which  he  discussed  the  system  of  compression  governing  in 
greater  detail.     Many  other  advocates  of  this  system  could  be 

♦  Note  relatinfir  to  the  Proper  Method  of  Expansion  <f  Steam  and  Regulution  of 
the  Engine,  by  P..  II.  Thurston,  Transactions  A.  S.  M.  E.,  Vol.  II.,  p.  346.  See 
also  Thursfon'rt  Manual  offhe  Steam  Engine,  Vol.  I.,  pp.  683-697. 

+  Transactions  of  the  American  Society  of  Michanical  Engineers,  Vol.  V., 
p.  48. 
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Fig.  130. 


quoted,  including,  perhaps,  to  a  limited  extent,  almost  the  entire 
fraternity  of  builders  of  single-valve  automatic  engines. 

Fig.  130  shows  an  ideal  diagram  such  as  might  be  obtained 


28 
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by  this  method  of  compression  governing,  while  Fig,  131  shows 
a  diagram  for  au  equal  mean  effective  pressure  as  obtained  by 
the  usual  method  of  regulation. 

The  writer  devised  a  valve  mechanism  which  would  produce 
such  a  cycle  as  that  indicated  by  Fig.  130,  tlie  steam  distribu- 
tion being  characterized  by  these  features. 

To  meet  a  resistance  greater  than  the  most  economical  load, 
cut-off  occurs  later,  accompanied,  as  in  the  ordinary  single-valve 
automatic,  by  somewhat  less  compression ;  to  meet  a  lighter 
load,  the   compression   is  increased,  but   the  point  of   cut-off 


Fig.  131. 


remains  fixed ;  that  is,  the  reduction  of  mean  effective  pressure 
is  effected  entirely  by  a  change  in  the  point  of  exhaust  closure. 
To  avoid  the  excessive  pressure  in  the  cylinder  at  the  end  of 
compression  (as  indicated  by  the  dotted  line  of  Fig.  130),  with 
very  early  exhaust  closure,  a  relief  valve  was  to  afford  commu- 
nication between  the  cylinder  and  the  steam  chest.  This  was 
to  be  so  arranged  that  it  would  open  when  the  pressure  in  the 
cylinder  fiqualled  or  slightly  exceeded  the  pressure  in  the  steam 
chest.  This  scheme  had  two  obvious  defects  :  first,  the  relief 
valve  was  bad,  mechanically,  especially  at  high  speeds  ;  second, 
with  a  very  liglit  load  on  the  engine,  the  mean  effective  pressure 
might  still  be  too  great  even  with  the  earliest  possible  exhaust 
closure.  Tlius,  with  an  initial  pressure  of  90  pounds  per  square 
inch  by  the  gauge,  minimum  cut-off  at  \  stroke,  clearance  5  per 
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cent,  and  16  pounds  exhaust  pressure,  the  terminal  pressure 
would  be  about  35  pounds,  and  the  mean  effective  pressure 
would  be  about  18  or  19  pounds,  with  exhaust  closure  at  the 
beginning  of  the  return  stroke.  With  lower  exhaust  pressure, 
higher  initial  pressure,  or  larger  clearance,  the  mean  effective 
pressure  would  be  still  greater. 

To  avoid  these  difficulties,  another  valve  mechanism  was 
devised  in  which  the  relief  valve  was  eliminated  by  providing 
for  a  variable  lead ;  and  in  which  the  minimum  cut-off  was  early 
enough  to  reduce  the  terminal  pressure  to  within  a  few  pounds 
of  the  exhaust  pressure.  Mr.  Tabor  had  intimated  that  this 
could  not  be  done,  but  the  writer  was  not  familiar  with  his 
paper  at  the  time. 

This  design  required  separate  steam  and  exhaust  valves,  each 
operated  by  its  own  eccentric.  Both  of  these  eccentrics  were  to 
be  movable,  but  they  were  controlled  by  the  one  governor,  and 
the  mechanism  proposed  is  but  little  more  complex  than  that 
of  any  two-valve  engine.  The  valves  operate  in  such  a  way  that 
the  steam-valve  opening  is  timed  to  correspond  to  the  compres- 
sion. Thus,  for  a  given  initial  pressure,  clearance,  and  exhaust 
pressure,  the  compression  reaches  initial  pressure  at  a  quite 
definite  position  of  the  piston. 

With  the  first  scheme  the  relief  valve  opens  at  this  point  or  a 
little  later.  It  is  evident  that,  with  equal  pressure  in  the  cylin- 
der and  steam  chest,  it  matters  not  whether  the  equilibrium  of 
these  pressures  is  maintained  by  a  special  relief  valve  or  through 
the  opening  of  the  regular  steam  valve. 

The  valve  mechanism  was  so  designed  that  cut-off  could  vary 
from  any  assumed  best  point  to  say  three-fourths  stroke,  accom- 
panied by  moderate  reduction  of  compression,  to  meet  heavy 
loads ;  while,  to  meet  light  loads,  the  cut-off  becomes  somewhat 
earlier,  but  the  change  in  the  mean  effective  pressure  is  effected 
mainly  through  earlier  exhaust  closure.  In  other  words,  a  mean 
effective  pressure,  larger  than  that  corresponding  to  the  best 
load,  was  to  be  secured  by  an  increase  of  the  mean  forward  pres- 
sure with  an  incidental  decrease  of  the  mean  back  pressure ;  a 
smaller  mean  effective  pressure  was  to  be  obtained  by  an  in- 
crease of  the  mean  back  pressure  and,  incidentally,  with  a 
slightly  lower  mean  forward  pressure.  As  indicated  above, 
the  earliest  point  of  cut-off  can  be  made  just  sufficient,  when 
acting  in  conjunction  with  the  earliest  exhaust  closure,  to  pre- 
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vent  the  engine  from  running  awaj  under  tlie  smallest  possible 
load. 

The  peculiarity  of  the  steam-valve  action  is  that  for  a  change 
of  the  governor  to  one  side  of  the  position  corresponding  to  the 
best  load,  the  cut-off  becomes  later,  and  lead  does  not  vary 
greatly  ;  while  for  a  change  in  the  other  direction  the  lead  in- 
creases considerably  and  the  point  of  cut-off  is  shifted  but  little. 
The  exhaust  valve  permits  great  range  for  exhaust  closure,  while 
maintaining  an  almost  constant  release.     Fig,  132  shows  a  series 


Fig.  133. 


of  ideal  diagrams  covering  a  wide  range  of  load.  Each  diagram 
is  designated  by  a  number,  beginning  with  I  for  the  lightest 
mean  effective  pressure.  Thus  the  outline  IVa,  IVe,  lYr,  IVc 
(shown  by  the  heavy  line),  is  the  diagram  corresponding  to  the 
assumed  best  load.  The  subscripts  a,  e,  r,  c,  designate  points  of 
admission,  expansion  (cut-off),  release  and  compression,  respect- 
ively. 

According  to  the  reasoning  already  given,  it  was  thought  that 
this  steam  distribution  would  give  a  higher  mean  temperature  of 
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cylinder  walls  than  would  result  from  the  more  usual  system  for 
any  given  small  mean  effective  pressure,  and  hence  would  reduce 
the  cylinder  condensation.  It  was  also  thought  that,  with  the 
short  time  of  opening  to  exhaust,  the  exhaust  loss  would  be  com- 
paratively low.  All  work  done  upon  the  confined  steam  after 
exhaust  closure  must  evidently  result  in  returning  steam  to  the 
chest  or  in  heating  this  steam.  The  heat  thus  imparted  to  the 
steam  is  either  transmitted  to  the  w^alls  directly,  thus  raising 
their  temperature  before  admission  of  the  succeeding  charge  of 
steam ;  or  it  is  retained  in  the  clearance,  or  returned  to  the 
steam  chest.     In  any  event  it  is  not  rejected  nor  wasted. 

Having  reached  the  conclusion  previously  arrived  at  by  many 
others,  and  having  submitted  the  scheme  to  several  prominent 
engineers,  with  the  result  of  a  general  approval,  it  was  decided 
to  subject  the  theory  to  an  experimental  test. 

After  studying  various  engines  with  a  view  to  finding  one 
which  could  be  best  adjusted  to  the  desired  steam  distribution, 
it  was  found  that  the  Corliss  engine,  with  separate  eccentrics  and 
wrist  plates  for  the  steam  and  exhaust  valves,  could  be  readily 
made  to  meet  the  requirements.  The  high-pressure  element  of 
the  Sibley  College  Reynolds-Corliss  experimental  engine  was 
accordingly  used  for  this  work.  The  trials  were  made  with  the 
cooperation  of  the  college  officers,  and  the  efficient  assistance  of 
Messrs.  Hall,  Adams,  Gerry,  and  Kranz,  advanced  students  in 
mechanical  engineering. 

An  ideal  diagram,  similar  to  that  of  Fig.  130,  was  laid  out,  and 
the  proper  adjustments  of  the  engine  were  made. 

By  lengthening  the  exhaust-valve  links  the  exhaust  lap  is  in- 
creased, giving  earlier  exhaust  closure  and  later  release.  By 
advancing  the  exhaust  eccentric  both  exhaust  closure  and  release 
are  made  to  occur  earlier  in  the  stroke.  By  a  combination  of 
these  adjustments  the  required  exhaust  closure  was  obtained, 
without  change  of  release.  The  steam  eccentric  was  advanced  to 
give  admission  just  as  compression  should  reach  the  initial 
pressure,  and  the  governor  gave  cut-off  at  the  desired  point  when 
the  brake  load  was  properly  adjusted.  Having  tested  the  adjust- 
ments, the  trials  were  begun. 

A  series  of  trials  were  made  under  two  different  brake  loads. 
Then  the  engine  was  restored  to  its  normal  adjustment,  and  a 
corresponding  series  of  trials  was  made  with  the  usual  system  of 
governing. 
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Fig.  135. 


Fi^s.  133,  134,  135,  and  13G  flhow  reproductions   of  typical 
indicator  diap^rams  for  the  four  difi'erent  couditioris. 

The  trials  were  conducted  with  great  care,  and  several  of  them 
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were  repeated.  The  exhaust  steam  was  condensed  in  a  surface 
condenser  and  weighed.  Indicator  cards,  gauge  readings,  etc., 
were  taken  every  ten  minutes,  and  water  measurements  were 
taken  at  the  signal  for  the  other  readings,  and  also  when  each 
tank  was  filled.     The  latter  water  readings  were,  of  course,  the 


Fig.  136. 

more  accurate,  although  the  partial  readings  checked  the  totals 
within  a  fraction  of  a  pound,  and  the  practical  constancy  of  these 
partial  readings  showed  a  rery  regular  rate  throughout  each 
trial.  The  brake  was  kept  at  a  uniform  load  by  a  man  who 
watched  it  continually. 

Table  I.  gives  the  data  obtained  from  this  series  of  trials : 


TABLE  I. 


NET  BRAKE  LOAD,  104  POUNDS. 

NET  BRAKE  LOAD, 
216  POUNDS. 

Compression. 

Corliss. 

Comp. 

Corliss. 

A 

B 

D 

E 

c 

F 

Mean  steam  pressure 

109.5 

83.45 
616.0 

12.86 
10.87 
48.00 
84.53 

107.0 
83.46 
611.6 
13.90 
10.87 
43.90 
78.20 

111.5 
83  45 
604.0 
13.98 
10.87 
43.20 
77.8 

113.8 
86.69 
575.7 
13.10 
11.29 
48.95 
86.2 

110.6 
81.75 
890.3 
24.84 
22.10 
35.80 
88.98 

113  3 

Mean  rev.  per  minute 

85  95 

Steam  per  hour,  pou uds 

Indicated  horse-power 

780.8 
24.53 

Delivered  horse-power 

23.24 

Steam  per  I.  H.  P.,  per  hoar. .  .. 
Mechanical  eflBciency,  per  cent, . 

31.83 
94.74 

These  results  show  nearly  the  same  luater  rate  under  cither  sys- 
tem of  governmg,  although  the  small  difference  is  in  favor  of  the 
ordinary  method. 
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Tlie  rate  is  high  in  both  cases,  but  the  light  loads  and  the 
proportions  of  the  engine  would  lead  us  to  expect  low  economy. 
The  engine  is  9  inches  in  diameter  by  36  inches  stroke,  and  the 
clearance  is  large  for  a  Corliss  engine.^ 

Figs.  137  and  138  give  a  thermal  comparison  of  diagrams  from 
the  trials  under  the  smaller  brake  load  with  the  compression  sys- 
tem and  with  the  usual  method  of  regulation,  respectively.    This 
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Fig.  137. 

analysis  was  made  by  Mr.  Thomas  Hall,  and  a  general  treatment  of 
this  method  was  given  by  Professor  Carpenter  in  a  paper  on 
"  The  Saturation  Curve  as  a  Reference  Line."  f  The  saturation 
curve  as  drawn  in  each  case  shows  the  expansion  line  that  would 
have  been  obtained  had  all  the  steam  used  per  stroke  remained 
drA'  and  saturated  throughout  the  expansion  period.  The  ratio 
of  the  steam  accounted  for  by  the  diagram  at  any  point  to  the 
steam  shown  by  this  curve  gives  the  quality  of  the  steam  at 
that  point. 

*Thi8  remark  as  to  the  proportions  of  the  engine  applies  only  when  the  high- 
presflure  element  \»  run  as  a  pimple  engine.  Taken  complete,  as  a  triple-expan- 
fion  engine,  it  lias  shown  remarkable  economy  for  an  engine  of  its  size. 

f  Tronsartions  of  the  American  Society  of  Mechanical  Engineers,  New  York 
Meeting,  1893,  Vol.  XV, 
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This  quality  for  the  expansion  period  is  represented  graphi- 
cally by  the  quality  curve  placed  above  each  diagram.  It  will 
be  seen  that  in  the  case  of  the  compression  system  the  quality 
varied  from  a  little  over  61  per  cent,  at  or  near  cut-off  to  about 
73  per  cent,  at  release  ;  while  with  the  other  method  the  corre- 
sponding range  was  from  40  per  cent,  to  over  80  per  cent.  This 
indicates  a  very  considerable  smaller  condensation  and  reevapora- 
tion  with  the  former  method,  as  we  had  expected  would  be  the 
case. 

The  saturation   curve   for   the  exhaust  side,  with  its  corre- 
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Fig.  138. 

sponding  quality  curve,  for  the  compression  system  (see  Fig.  137) 
is  only  relative,  for  we  had  no  means  of  determining  the  actual 
quality  of  the  exhaust  at  any  point.  This  line  shows,  however, 
a  considerable  drying  of  the  confined  steam  as  compression 
proceeds. 

It  will  be  seen  from  the  data  of  Table  I.  that  the  mechanical 
efficiency  of  the  engine  was  lower  during  the  compression  trials 
than  in  the  other  trials.  This  was  anticipated,  for  the  high 
compression  increases  the  pressure  on  the  bearings  when  the 
crank  is  near  the  dead  centre  positions.     This  is  not  necessarily 
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seriously  against  tlie  system,  however,  for  this  system  if  em- 
ployed would  be  used,  presumably,  on  high-speed  engines,  and 
the  weif^hts  of  the  reciprocating  parts  could  be  proportioned  to 
distribute  the  crank-pin  pressures  more  satisfactorily  than  was 
possible  with  our  Corliss  engine. 

It  appears  from  these  limited  experiments  that  reducing  the 
mean  effective  pressure  by  increasing  the  back  pressure  does 
materially  reduce  cylinder  condensation,  as  we  had  been  led  to 
expect ;  but  we  did  not  secure  a  net  saving  in  steam. 

We  have  not  as  yet  been  able  to  conduct  further  trials  with  a 
view  to  tracing  out  the  compensating  losses,  and  must  resort 
to  somewhat  speculative  methods  to  account  for  the  results 
obtained. 

The  writer  is  inclined  to  attribute  the  result  to  two  causes. 
One  of  these  is  mechanical,  the  other  is  thermal.  In  the  paper 
read  by  Mr.  Ball  at  the  Engineering  Congress  in  Chicago*  he 
states  that  there  is  a  definite  relation  between  the  ratio  of 
expansion  and  the  ratio  of  compression  which  will  give  the  best 
economy.  The  writer  is  inclined  to  the  belief  that  this  theory  is 
geometrically  sound  (although  he  once  expressed  a  doubt  on  this 
point) ;  but,  as  was  stated  in  a  discussion  of  Professor  Jacobus's 
paper  at  the  Montreal  meeting, f  he  is  of  the  opinion  that  the 
effect  of  compression  on  condensation  within  the  cylinder  should 
not  be  overlooked. 

According  to  Mr.  Ball's  theory,  the  cycle  which  we  obtained 
with  the  usual  Corliss  regulation  is  much  better  than  the  com- 
pression cycle ;  while  our  results  show  about  the  same  economy 
in  both  cases.  It  then  seems  probable  that  there  is  something 
in  the  compression  idea,  but  that  we  have  lost  its  advantage  by 
carrying  the  principle  too  far,  just  as  we  lose  the  gain  through 
high  ratios  of  expansion  if  carried  beyond  a  certain  limit. 

The  waste  through  free  expansion  with  the  high  pressure  at 
release  in  our  compression  trials  may  account  for  the  entire  loss  ; 
but  an  investigation  made  since  our  trials  by  Mr.  E.  T.  Adams  in 
the  Sibley  College  laboratories  leads  to  the  suspicion  that  there 
is  another  factor  in  this  loss  which  we  had  not  previously  rated 
at  its  full  value. 

♦ "  Compreflsion  as  a  Factor  in  Steam-Engine  Economy."  By  F.  H.  Ball. 
Transactions  of  the  American  Society  of  Mechanical  Engineers,  Vol.  XIV.,  p.  10G7. 

f  "  Results  of  Ex])eriment3  with  a  Fifty  Ilorse-Power  Single  Non-condens^ing 
Ball  and  Wood  Engine,"  etc.     By  D.  S.  Jacobus.     Ihid.,  Vol.  XV.,  p.  915. 
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Mr.  Adams  conducted  a  series  of  trials  upon  cylinder  con- 
densation by  using  a  tber mo-pile  in  the  cylinder  head.  He 
placed  his  junctions  within  y^^  of  an  inch  of  the  internal  surface 
of  the  cylinder,  and  by  means  of  very  careful  preparations  and 
the  use  of  an  extremely  delicate  galvanometer  he  secured  a 
photographic  diagram  of  the  temperature  changes  in  the  cylinder 
wall.  This  work  shows  that  the  exhaust  waste  occurs,  very 
largely,  immediately  after  release  by  a  rapid  boiling  away  of  the 
condensed  steam,  and  that  the  loss  during  the  later  part  of  the 
exhaust  stroke  is  comparatively  small.  By  reference  to  Fig.  137 
it  will  be  seen  that  we  had  about  73  per  cent,  steam  and  27  per 
cent,  water  in  our  cylinder  at  release,  with  the  compression 
trials,  and  it  is  very  probable  that  this  water  was  nearly  all 
reevaporated  during  the  short  time  that  the  exhaust  valve  was 
open.  This  would  account  for  an  exhaust  loss  out  of  all  pro- 
portion to  the  time  the  exhaust  valve  was  open. 

It  seems  probable  that  the  free  expansion  loss  and  this 
almost  instantaneous  exhaust  loss  are  sufficient  to  account  for 
the  poor  showing  of  these  compression  trials.  It  is  hoped  that 
a  quantitative  determination  of  the  influence  of  each  of  these 
factors  may  yet  be  made,  for  they  would  not  be  without  interest, 
even  if  of  no  direct  commercial  value. 

While  it  is  decidedly  unsafe  to  draw  conclusions  from  such 
limited  data,  these  few  trials  indicate,  as  far  as  they  go,  that, 
whatever  the  possible  gain  from  using  compression  as  a  method 
of  governing  may  be,  it  will  probably  prove  effective  in  amelio- 
rating the  wastes  of  the  steam-engine  only  to  a  limited  degree, 
under  ordinary  circumstances. 

There  are  two  conditions  under  which  it  is  possible  that  the 
compression  method  of  governing  may  yet  prove  advantageous 
to  some  extent :  first,  with  steam  pressure  so  low  that  the  ordi- 
nary distribution  gives  a  large  loop  at  the  end  of  expansion  with 
light  load,  and,  secondly,  with  compound  engines. 

It  is  hoped  that  an  engine  recently  built  at  the  Sibley  College 
shops  will  afford  means  of  applying  the  method  to  these  cases  in 
the  near  future. 

DISCUSSION. 

Prof.  R.  H.  Thurston. — Professor  Barr's  presentation  of  the 
case,  and  the  interesting  and  exact  data  obtained  by  him,  con- 
stitute the  first  contribution,  so  far  as  I  know,  to  this  subject, 
apart   from  the  speculative  and  introductory  matter  offered  by 
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myself  originallj,  as  a  merely  possibly  interesting  suggestion, 
and  by  Mr.  Tabor,  later,  in  continuance  of  the  discussion.  It 
is  satisfactory  to  find  the  anticipations  of  that  original  paper 
confirmed  so  precisely,  while  perhaps  a  little  disappointing  to 
fi]id,  as  is  undeniably  the  fact,  that  the  promise  of  practical  gain 
by  its  adoption  is  still  so  questionable.  But  exact  knowledge 
is  always  welcome,  and  often  finds  useful  application  when  and 
where  least  expected.  It  is  to  be  hoped  that  Professor  Barr's 
plan  for  modified  compression  governing  may  have  a  fair  trial 
and  under  more  favorable  circumstances. 

The  complication  of  thermal,  thermo-dynamic,  dynamic,  and 
geometric  conditions  which  affects  nearly  every  process  in  the 
operation  of  the  engine,  in  any  way  related  to  its  net  final  effi- 
ciency, is  observed  here  perhaps  more  than  in  any  other  detail 
of  the  engine  cycle  ;  and  the  engineer  here,  as  always,  must 
finally  settle  upon  his  method  of  adjustment,  after  noting  all, 
and  his  conclusion  must,  here,  as  always,  be  a  compromise. 
It  is  interesting,  in  this  case,  to  observe  the  illustration  of  this 
fact  afforded  by  the  compensation  of  all  gain,  by  adjusting  com- 
pression, by  an  opposite  change,  due  to  reduced  mechanical 
efficiency. 

The  work  of  Mr.  Adams,  not  yet  published,  throws  some 
light  upon  the  question  discussed  by  Professor  Barr,  and,  I  am 
inclined  to  believe,  is  correctly  interpreted  by  the  latter.  The 
greatest  loss  occurs  by  the  sudden  outrush  of  the  stored  heat 
of  the  engine-cylinder  at  the  instant  of  opening  of  the  exhaust, 
cooling  the  metal  far  below  the  mean  held  during  the  later  part 
of  the  exhaust  stroke ;  the  flow  of  heat  from  the  interior  of  the 
mass  taking  later  effect,  and  thus  leaving  less  opportunity  than 
would  otherwise  be  found  for  this  particular  method  of  saving. 
But  those  investigations  are  probably  only  just  commenced,  and 
we  shall  look  to  Professor  Barr,  Mr.  Adams,  and  others  engaged 
in  similar  researches,  for  further  and  more  complete  data. 

The  elegant  method  of  graphical  representation  of  the  engine 
cycle  and  of  determination  of  the  variation  of  quality  of  steam 
and  of  condensation  and  reevaporation,  seem  to  me  among  the 
most  striking  points  of  this  paper.  The  f7eneral  method  is  that 
referred  to  by  me  in  discussion  of  Mr.  Ball's  remarks  on  the 
occasion  of  the  presentation  of  the  paper  on  *'  The  Milwaukee 
Pumping  Engine,"  and  has  been  elaborated  in  the  course  of  Pro- 
fessor Carpenter's  work  in  most  interesting  and  useful  ways  ; 
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among  which  Avays  this  is  perhaps  not  the  least  interesting  and 
instructive. 

Prof.  D.  S.  Jacohus. — The  results  of  these  tests  appear  to 
indicate  that  governing  by  compression  gives  about  the  same 
result  for  indicated  horse-power  as  if  we  had  the  Corliss  cycle. 
But  I  wish  to  call  attention  to  the  fact  that  in  this  specific  case 
the  comparative  economy  per  net  horse-power  is  not  the  same 
as  per  indicated  horse-j)ower.  When  we  govern  by  the  com- 
pression we  have  about  twice  the  friction,  according  to  the 
figures  presented,  so  that,  if  we  compare  the  compression  cycle 
and  the  Corliss  cycle  by  net  horse-power,  we  have  about  nine 
per  cent,  gain  for  the  Corliss  cycle  for  the  lowest  power  given 
here,  and  about  sixteen  for  the  highest ;  and,  of  course,  as  the 
net  power  is  what  we  are  after,  this  is  the  true  basis  for  com- 
parison. 

Prof.  Jno.  H.  Barr.  * — Professor  Jacobus's  criticism  is  par- 
tially met  in  the  body  of  the  paper,  beginning  with  the  last 
paragraph  on  page  441.  After  the  trials  were  completed,  a  theo- 
retical examination  of  a  high-speed  engine  was  made,  to  see  if  a 
reasonable  weight  of  reciprocating  parts  might  be  expected  to 
distribute  the  crank-pin  pressures  favorably  with  this  excessive 
compression,  and  the  results  seemed  to  indicate  that  about  as 
good  a  distribution  may  be  secured  as  is  usually  attained.  If 
this  is  the  case,  there  seems  no  good  reason  to  think  that  the 
compression  cycle  necessarily  involves  abnormally  low  mechan- 
ical efficiency.  For  this  reason  it  was  deemed  best  to  base 
the  comparisons  upon  the  indicated  horse-power ;  but  in  order 
to  present  the  case  fairly,  the  brake  horse-power  was  also 
reported.  If  the  considerable  increase  of  engine  friction  noted 
in  these  trials  seemed  to  be  unavoidable  with  the  compression 
cycle,  the  handicap  would  be  serious  ;  for,  as  Professor  Jacobus 
remarks,  "  net  horse-power  is  what  we  are  after." 

Dr.  Thurston  also  refers  to  the  engine  friction  as  one  of  the 
compensations  ;  but  in  comparison  of  steam  used  per  indicated 
horse-power,  this  cannot  be  so  considered. 

The  paper  was  not  presented  to  prove  the  advantage  of  the 
compression  system,  but  simply  to  give  the  data  of  the  trials, 
which  seem  to  have  been  upon  somewhat  different  lines  from 
any  others  reported  to  the  Society.     It  does,  as  far  as  it  goes, 

*  Author's  closure,  under  the  Rules. 
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indioate  that  compression  has  a  marked  effect  upon  cylinder 
condensation  ;  bnt  at  the  same  time  it  shows  that  the  net  gain 
to  be  anticipated  from  a  reduction  of  this  waste  in  this  way  is, 
perhaps,  less  than  many  had  previously  supposed  ;  that,  as 
stated  on  page  443,  "  it  will  probably  prove  effective  in  ameliorat- 
ing: the  wastes  of  the  steam-engine  only  to  a  limited  degree, 
under  ordinary  circumstances." 

The  general  result  of  Mr.  Adams's  investigation  was  given 
orallv  at  the  meeting,  as  the  writer  did  not  feel  at  liberty 
to  print  this  matter   at  the  time.     Mr.  Adams  has  since  pub- 


FiG.  13U. 

lislied  an  account  of  the  work  in  Cassiers  3£agazme,  and  it  may 
})(i  proper  to  give  a  brief  statement  of  it  here. 

Fig.  Ib9  is  a  reproduction  of  the  actual  diagram  representing 
the  changes  in  the  temperature  of  the  wall  at  a  point  in  one 
liead  f  Ji-f^  inch  below  the  surface.  Figs.  140  and  141  show  the 
indicator  diagrams  and  this  metal  temperature  diagram  respec- 
tivfdy.  It  will  appear  from  these  figures  that  the  temperature 
of  the  wall  rises  during  admissirm,  falls  gradually  during  expan- 
«ir>n,  falls  rapidly  at  release,  thc^n  rises  durlmj  the  first  part  of  the 
exhuHHt  sfroh',  reaches  a  maximum,  and  falls  again  till  compres- 
sion begins,  when  a  rise  in  temperature  follows.  The  only  feature 
of  this  which  needs  explanation  is  the   reheating  of  the  walls 


EXPEKIMENTS  ON  A  SYSTEM  OF  GOVEKNING  BY  COMPRESSIOX.      447 

during  the  early  jDart  of  the  exhaust.  This  is  accounted  for  by 
the  very  rapid  surface  cooling  at  release,  which  lowers  the  tem- 
perature near  the  surface  much  below  the  mean  temperature 
of  the  walls.  After  the  moisture  of  the  steam  is  all  evaporated, 
the  conduction  of  heat  is  from  metal  to  dry  steam  ;  and  hence 
the  cylinder  does  not  impart  heat  to  the  exhaust  so  rapidly, 
and  the   heat  flowing  from  the  mass  of  the  walls  toward  the 
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Fig.  140. 
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Fig.  141. 
Temperature  Cakds  for  Steam  and  Cylinder  Wall 


inner  surface  reheats  the  cooler  portion  previously  reduced  to 
the  lower  temperature. 

This  is  analogous  to  what  takes  place  when  a  piece  of  hot 
iron  is  suddenly  plunged  into  water  and  quickly  removed  ;  the 
surface  will  be  again  heated  upon  removal  from  the  water,  but 
will  not  get  quite  as  hot  as  before  plunging.  This  investigation 
of  Mr.  Adams  seems  to  have  revealed  an  unsuspected  event  in 
a  much-studied  phenomenon ;  and  while  the  results  are  only 
qualitative,  it  is  hoped  that  quantitative  data  may  yet  be 
obtained  by  this  method. 

The  work  of  Mr.  Adams  indicates  that  our  efforts  to  reduce 
the  thermal  wastes  of  the  engine  must  be  in  the  way  of  preven- 
tion, or  must  be  directed  toward  events  which  occur  before 
release,  or  very  shortly  after ;  for  the  main  reevaporation  loss 
apparently  occurs  very  soon  after  this  event. 
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DCXXVIII.* 

RESULTS   OF  MEASUREMENTS   TO   TEST  THE  ACCU- 
BACY  OF  SMALL    THROTTLLNQ   CALORIMETERS. 

BY  D.   S.  JACOBUS,   HOBOKEN,  N.   J. 

(Member  of  the  Society.) 

The  following  data  are  the  results  of  tests  made  as  a  prelimi- 
nary to  an  investigation  undertaken  for  the  Babcock  &  Wilcox 
Co.,  by  Professor  Denton,  to  determine  the  conditions  under 
which  throttling  calorimeters  applied  to  a  steam  main  are  a  reli- 
able means  of  determining  the  average  amount  of  moisture  in 
the  total  quantity  of  steam  flowing  through  it. 

The  results  of  the  experiments  tend  to  confirm  the  opinion 
that  the  indication  of  these  instruments  may  greatly  exaggerate 
the  amount  of  moisture,  and  that  the  degree  of  inaccuracy 
depends  upon  the  local  conditions. 

It  is  thought  desirable,  therefore,  to  bring  the  matter  to  the 
notice  of  the  Society,  and  invite  discussion,  so  that  subsequent 
experiments  may  cover  the  conditions  of  any  peculiar  experi- 
ences of  members  in  this  line. 

The  tests  indicate  that  various  nozzles,  such  as  are  now  used 
ill  practice,  do  not  give  an  average  sample  of  the  steam  which 
flows  by  them. 

If  a  nozzle  closed  at  the  inner  end,  and  perforated  with  a 
number  of  small  holes  in  its  cylindrical  surface,  is  employed, 
the  calorimeter  will  ordinarily  indicate  too  high  a  percentage  of 
moisture.  For  example,  a  calorimeter  attached  to  a  three-inch 
horizontal  pipe  by  means  of  a  horizontal  nozzle  of  half-inch 
pipe,  having  six  holes  seven-thirty-seconds  inch  in  diameter, 
indicatfid  0.'^  per  cent,  of  moisture  when  the  actual  amount  was 
2.3  per  cent ;  14. G  per  cent,  when  the  actual  was  8.8  per  cent. ; 
and  17.8  per  cent,  when  the  actual  was  10.1  per  cent.     In  these 

*  Vxc.ufnU'A  at  tlin  Now  York  ninotiri^'  (Docember,  1894)  of  ilic  American 
Sf>rifty  of  .Meclianical  Kngirwers,  and  forming  part  of  Volume  XVL  of  the  Trana- 
aclions. 
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tests  about  1,500  pounds  of  steam  flowed  through  the  pipe  per 
hour. 

A  calorimeter  attached  to  a  vertical  nozzle  with  twelve  holes 
seven-thirtj-seconds  inch  in  diameter,  placed  in  the  same  hori- 
zontal pipe,  indicated  5.5  per  cent,  when  the  true  amount  was 
2.5  per  cent.;  11.1  per  cent,  when  the  true  amount  was  4.7  per 
cent.;  and  20.9  per  cent,  when  the  true  amount  was  10.9  per  cent. 

A  vertical  nozzle,  containing  twelve  holes  one-eighth  inch  in 
diameter,  also  gave  too  high  percentages  of  moisture.  The 
results  of  the  tests  are  given  in  detail  in  Table  I. 

These  results  show  that  other  devices  than  perforated  nozzles 
should  be  employed  to  obtain  an  average  sample  of  steam, 
and  tests  are  in  progress  to  determine  the  efficiency  of  an 
arrangement  devised  by  Professor  Denton,  which  consists  of 
a  tube  passing  through  a  stuffing-box,  and  so  arranged  that 
it  may  be  moved  to  any  position  across  the  pipe  under  a  full 
head  of  steam.  The  tube  has  an  open  end,  and  there  are  no 
side  holes.  This  arrangement  allows  determinations  to  be 
made  at  all  depths. 

Lines  15,  16,  and  17  of  Table  I.  give  the  results  obtained  with 
a  special  form  of  nozzle,  in  whicli  a  slot  was  cut  about  one- 
quarter  inch  wide  and  one  inch  long.  This  slot  was  placed  so 
as  to  be  at  the  centre  of  the  three-inch  pipe.  When  the  slot 
was  turned  so  that  the  current  of  steam  struck  directly  against 
it  the  percentage  of  moisture  indicated  by  the  calorimeter  was 
less  than  the  true  amount,  and  when  turned  so  that  it  w^as  away 
from  the  current  the  percentage  of  moisture  was  greater  than 
the  true  amount.  When  jDlaced  at  right  angles  to  the  current, 
an  intermediate  result  was  obtained,  which  was  greater  than 
the  true  amount  of  moisture.  These  experiments  tend  to  show 
that  the  water  which  strikes  a  nozzle  clings  to  it  and  passes 
around  it  so  as  to  be  drawn  inward  by  the  currents  of  steam 
entering  the  apertures. 

The  true  percentage  of  moisture  was  determined  as  follows : 
A  known  weight  of  water  at  a  temperature  of  about  6d°  Fahr. 
was  injected  into  a  three-inch  pipe,  and  travelled  along  with 
the  steam  for  a  distance  of  about  eight  feet  into  a  three-inch 
Stratton  separator.  After  leaving  the  separator  the  steam 
passed  through  a  three-inch  horizontal  nipple  six  inches  long 
into  a  twelve-inch  drum  four  feet  long.  A  valve  between  the 
nipple  and  twelve-inch  drum  was  used  to  throttle  the  steam  so 
29 
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as  to  obtain  the  desired  rate  of  flow  and  maintain  a  pressure  in 
the  twelve-inch  drum  equal  to  about  that  of  the  atmosphere. 
The  steam  flowed  from  the  twelve-inch  drum  through  a  system 
of  piping  into  a  surface  condenser,  and  was  finally  weighed. 
The  calorimeter  nozzle  was  tapped  into  the  three-inch  nipple 
between  the  throttling  valve  and  the  separator  at  a  distance  of 
about  three  inches  from  the  separator.  The  steam  was  turned 
at  right  angles  in  passing  from  the  separator  to  the  outlet 
pipe,  so  that  the  experiments  correspond  to  placing  calo- 
rimeters in  a  horizontal  pipe  near  an  elbow.  The  drip  pipe 
of  the  separator  was  closed,  and  the  water  rose  to  such  a 
height  in  the  separator  that  it  mingled  with  the  steam  pass- 
ing from  the  same.  This  arrangement  was  adopted  in  order 
to  obtain  a  thorough  mixture  of  the  steam  and  water.  At 
first  a  baffle-plate  device  was  contemplated,  but  on  further 
consideration  the  separator  was  used  as  an  equivalent.  That 
there  was  a  fairly  uniform  mixture  is  confirmed  by  the  fact 
that  the  horizontal  nozzle  gave  about  the  same  results  as  a 
vertical  nozzle. 

A  constant  amount  of  moisture  was  maintained  by  taking 
weighings  of  the  condensed  steam  and  water  every  five  minutes, 
and  regulating  the  flow  of  water  to  a  uniform  rate.  A  continu- 
ous record- was  preserved,  and  only  that  portion  where  uniform 
conditions  were  maintained  was  employed  in  calculating  the 
final  results.  The  average  length  of  such  selected  intervals  was 
about  twenty-five  minutes,  so  that  five  readings  of  weights  weie 
used  in  calculating  the  results  of  each  test.  The  readings  of 
temperatures  were  made  every  two  and  one-half  minutes. 

The  height  of  water  in  the  separator  was  observed  and  found 
to  remain  at  a  constant  figure  for  a  given  set  of  conditions.  A 
few  of  the  tests  were  also  extended  over  several  hours,  and  no 
practical  variation  was  detected. 

In  all  the  tests  the  steam  was  allowed  to  flow  through  the 
apparatus  ior  some  time  before  taking  the  readings. 

Tests  Nos.  7  and  8  are  exceptions  to  the  others.  In  these 
the  calorimeter  was  attached  to  the  three-inch  pipe  leading  to 
the  separator,  and  witliiu  about  one  foot  of  the  same.  The 
results  shown  by  the  calorimeter  in  these  tests  are  very  high, 
54.0  per  cent,  being  indicated  when  the  true  amount  was  21.0 
per  cent.,  and  ~>0.H  por  cent,  when  the  true  amount  is  17.6  per 
cent     These  results  were  probably  caused  by  water  running 
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along  the  bottom  of  the  pipe,  which  splashed  upward  into  the 
lower  holes  of  the  nozzle. 

The  nozzles  were  all  of  half-inch  pipe,  and  were  of  the  follow- 
ing forms  : 

Nozzle  No.  1  contained  twelve  holes,  seven-thirty-seconds  of 
an  inch  in  diameter,  drilled  along  four  equidistant  lines  par- 
allel to  the  centre  line  of  the  pipe.  The  centres  of  the  four 
holes  nearest  to  the  outlet  were  about  three-quarters  of  an  inch 
from  the  inner  surface  of  the  three-inch  pipe  when  the  nozzle 
was  screwed  into  place.  The  holes  drilled  along  each  line  w^ere 
about  three-quarters  of  an  inch  apart. 

Nozzle  No.  2  was  of  the  same  form  as  No.  1,  except  that  the 
holes  were  one-eighth  inch  in  diameter,  and  the  holes  nearest 
the  outlet  were  within  three-eighths  of  an  inch  of  the  inner  sur- 
face of  the  pipe  when  the  nozzle  was  screwed  into  position. 

Nozzle  No.  3  contained  six  holes  seven-thirty-seconds  of  an 
inch  in  diameter,  drilled  along  tAVO  lines  parallel  to  the  centre 
of  the  pipe  and  opposite  each  other.  When  in  position  the 
plane  in  which  the  holes  were  drilled  was  ]iorizontal.  The 
holes  nearest  the  outlet  were  within  three-quarters  of  an  inch  of 
the  inner  surface  of  the  pipe.  The  holes  were  three-quarters  of 
an  inch  from  each  other,  as  in  nozzles  Nos.  1  and  2. 

Nozzle  No.  4  has  already  been  described  in  connection  with 
the  tests  made  with  it. 

The  nozzles  were  made  with  long  threads,  so  that  all  the  por- 
tion projecting  into  the  three-inch  steam  pipe  was  threaded. 
All  were  closed  at  their  inner  ends. 

To  measure  the  amount  of  superheat  in  the  steam  the  ther- 
mometer was  placed  in  a  special  form  of  mercury  well,  having  a 
bulb  at  its  lower  extremity,  and  provided  with  a  very  thin  neck 
leading  from  this  bulb  to  the  outside  of  the  pipe.  The  large 
bulb,  combined  with  the  thin  neck,  overcomes  the  error  intro- 
duced by  conduction  of  the  pipe  to  the  well,  which,  in  a  well  of 
a  three-eighths-of-an-inch  pipe  four  inches  long,  amounts  to 
about  four  degrees  Fahr.  This  large  error  occurs  only  in  the 
case  of  superheated  steam. 

To  obtain  the  value  of  one  degree  of  superheat  measured  in 
this  way  in  heating  the  injected  water,  including  all  radiation 
effects,  the  following  method  was  employed  :  The  entire  amount 
of  steam  flowing  through  the  three-inch  pipe  was  throttled  after 
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passing  bj  the  calorimeter  nozzle,  and  the  temperature  of 
the  steam  at  low  pressure  was  measured  after  it  entered  the 
twelve-inch  drum.  The  temperature  of  the  superheated  steam 
was  measured  before  and  after  throttling,  no  water  being  in- 
jected. The  temperature  before  throttling  was  measured  in  a 
six-inch  drum  placed  just  before  the  point  where  the  water  was 
injected  in  the  regular  tests,  so  that  ijie  entire  effect  of  radiation 
was  included.  All  portions  of  the  apparatus  were  well  covered 
with  hair  felt.  This  method  of  allowing  for  the  initial  super- 
heating of  the  steam  was  checked  up  to  the  limit  of  moisture 
that  could  be  indicated  by  superheating  in  the  twelve-inch  drum, 
and  was  found  to  agree  within  one-fifth  of  one  per  cent. 

Whenever  the  amount  of  moisture  was  low  enough  to  cause  the 
steam  in  the  twelve-inch  drum  to  be  superheated,  the  percentages 
obtained  by  weighing,  given  in  Table  I.,  were  ghecked  by  the 
percentages  obtained  by  calculation  from  the  superheat. 

The  basis  of  pressure  was  a  plug  device,  which  was  loaded 
wjLth  weights  so  as  to  correspond  to  the  required  pressures.  The 
plug  was  one-half  inch  in  diameter,  and  the  hole  in  the  bushing 
into  which  it  fitted  was  0.5005  inch.  Both  the  plug  and  the 
bushing  were  ground  true,  and  were  the  work  of  the  Pratt  & 
Whitney  Company.  The  readings  obtained  with  this  plug  were 
checked  by  the  square-inch  knife-edge  piece  device  of  the  Ash- 
croft  Company,  and  by  a  mercury  column. 

To  standardize  the  thermometers,  they  were  placed  in  the 
mercury  wells  in  which  they  were  used,  or  in  similar  ones,  and 
subjected  to  a  known  pressure  of  saturated  steam.  The  correc- 
tions were  made  by  employing  Regnault's  values  for  the  tempera- 
ture of  saturated  steam,  so  that  the  final  readings  correspond  to 
the  temperatures  by  an  air  thermometer.  In  general,  if  the  en- 
tire column  of  mercury  in  the  thermometer  is  heated,  the  reading 
indicated  by  the  same  will  be  too  high  ;  whereas,  if  a  large  portion 
of  the  column  of  mercury  contained  in  the  stem  is  not  heated, 
the  reading  will  be  too  low. 

Tlie  radiation  of  the  Barrus  calorimeter  was  determined  by 
passing  superlieatod  steam  through  it.  The  separator  portion 
was  filled  with  water  to  a  given  height  in  the  glass,  and  the  tem- 
perature of  the  superheated  steam  was  adjusted  so  that  the  water 
level  remained  constant  in  the  glass.  If  the  water  increased  in 
height,  the  temperature  of  the  entering  steam  was  increased  so  as 
to  reovaporate  some  of  the  water ;  and  if  it  fell  too  low,  the  tern- 
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perature  of  the  steam  was  decreased.  The  tests  were  extended 
over  several  hours.  An  average  of  the  loss  of  superheat  repre- 
sents the  losses  by  radiation.  To  determine  the  radiation  of  the 
heat  gauge  portion,  the  orifice  was  removed,  and  superheated 
steam  was  passed  through  the  apparatus  at  the  same  rate  as  if 
the  orifice  had  been  present.  In  this  case  the  loss  of  superheat 
also  represents  the  loss  by  radiation. 

TABLE  I. 

Comparison  of  Actual  Pebcentages  op  Moisture  with  Amounts  Indi- 
cated BY  A  Throttling  Calorimeter  ;  Steam  Passing  through  a 
Three-Inch  Horizontal  Pipe  with  a  Velocity  of  about  Forty-five 
Feet  per  Second. 
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12187 

80 

46.9 

37.2 

15 

Nozzle  No.  4.    Slot  away  from  current 

1577 

80 

5.6 

1.0 

16 

"           "           "    toward               "     

1576 

80 

0.1 

1.4 

ir 

"           "           "    at  right  angles  to  current. 

1578 

80 

2.5 

1.2 

181 
19! 
20  1^ 

Horizontal  nozzle  No.  3,  with  G  holes  /j  in. 
diameter. t 

ri810 
1  1815 
1  1818 

80 
80 
80 

1.0 
1.5 
2.2 

.5 

.8 

1.0 

Only  heat  gauge 
of  calorimeter 

21  J 

1 1830 

80 

3.6 

1.0 

*  In  these  tests  the  calorimeter  was  attached  to  the  horizontal  pipe  entering  the  separator,  and 
the  conditions  were  such  that  it  is  probable  that  moisture  ran  along  the  bottom  of  the  pipe  and 
entered  the  lower  holes  of  the  nozzle. 

+  The  results  of  these  tests  were  added  to  the  paper  and  presented  at  the  time  of  the  meeting. 
In  these  tests  the  true  percentages  of  moisture  given  in  Column  6  were  calculated  from  the  super- 
heating of  the  steam  in  the  12-inch  drum,  which  was  shown  to  give  the  same  results  as  those 
obtained  by  weighing  the  water  injected. 
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APPENDIX. 

It  was  difficult  to  ascertain  the  average  temperature  of  the 
superheated  steam  entering  the  apparatus,  as  has  been  previously 
explained,  and  this,  together  with  the  fact  that  the  effect  of  radia- 
tion should  be  considered,  led  to  experiments  to  determine  the 
total  heat  of  the  superheated  steam  at  the  initial  pressure  for 
various  readings  of  the  thermometers  which  registered  the  super- 
heating in  the  six-inch  drum  marked  B  in  Fig.  143.  The  total  heat 
of  the  superheated  steam  at  entrance  was  taken  as  the  total  heat 
of  saturated  steam  at  the  observed  pressure,  plus  some  factor  cor- 
responding to  the  specific  heat  of  steam,  multiplied  by  the  degrees 
of  superheating  registered  by  the  thermometers,  and  this  factor 
was  deduced  from  the  experiments. 

Let  j9i  and  p2  be  the  pressure  in  the  six-inch  drum  marked  B  in 
Fio-.  143,  and  in  the  twelve-inch  drum  marked  iT,  into  which  the 
steam  passed  after  being  throttled  by  the  valve  M;  ti  and  4,  the 
temperatures  of  saturated  steam  at  the  above  pressures ;  S^  and  82^ 
the  temperature  of  the  superheated  steam  ;  Hi  and  ZTg,  the  total 
heats  of  saturated  steam ;  i?,  the  heat  lost  by  radiation  of  each 
])ound  of  steam  in  passing  through  the  apparatus;  and  X,  the  heat 
factor,  as  above  explained.     We  then  have, 

n^  -f  0.48  {S2  -U)  +  B=  II,  +  X{Si  -ti) (1)    - 

jr_  II,  +  0.48  {S,  -U)  -  H,  +  E 

S,-t 

If  the  heat  lost  bv  radiation  is  deducted  from  the  total  heat  of 
the  steam  passing  the  six-inch  drum,  Ave  may  then  obtain  a  factor 
X^^  which,  on  being  used  in  the  right-hand  member  of  equation 
(1),  will  give  the  total  heat  in  one  pound  of  the  steam  when  it 
leaves  the  separator,  provided  that  no  water  is  injected  into  the 
pipe.     This  factor  is,  therefore, 

^,  ^    7/2+  0.48  (^,  -t,)-  Ih 
Si  —  ti 

The  data  and  calculated  values  of  X^  are  given  in  Table  I. 
In  each  test  uniform  conditions  were  maintained,  and  a  continu- 
ous record  was  taken  for  from  two  to  three  hours.  Only  the  last 
portion  of  tlie  records  was  used  in  obtaining  the  average  data 
given  in  the  tables,  as  it  was  found  that  considerable  time  elapsed 
before  the  effect  of  radiation  and  conduction  became  constant. 
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TABLE   I. 

Determination  of  heat  factor  X\  by  which  the  degrees  of  superheating,  as 
registered  by  thermometers  placed  in  the  steam  entering  the  apparatus,  must  be 
multiplied  in  order  to  obtain  a  quantity  which,  if  added  to  the  total  heat  of 
saturated  steam,  will  give  the  total  heat  of  the  superheated  steam  on  leaving  the 
separator,  marked  ^in  Fig.  143.  This  factor  includes  the  effect  of  radiation,  so 
that  it  varies  with  the  amount  of  steam  flowing  through  the  apparatus.  The 
readings  of  the  thermometers  are  all  corrected  so  as  to  correspond  to  tempera- 
tures registered  by  an  air  thermometer. 
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S 

is 

"a 

a 

Temper  at 
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«  o  2 
o  *  S: 

Pi 
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323.7 
323.7 
323.7 
323.7 
323.7 

212.7 
212.7 
212.7 
214.7 
214.7 
215.3 

Si 

s., 

Bi 

H^ 

S2  +  0.48(^2  -  hy-ffi 
s,  -t, 

1 

2 
3 

4 
5 

6 

600 
680 

;oo 

1400 
1425 

1560 

80 
80 
80 
80 

80 
80 

0.2 
0.2 
0.2 
0.8 
0.8 
1.0 

360.9 
356.0 
370.7 
356.8 
350.0 
373.9 

314.7 
313.6 
326.7 
316.1 
308.9 
332.5 

1212.6 
1212.6 
1212.6 
1212.6 
1212.6 
1212.6 

1178.8 
1178.8 
1178.8 
1179.4 
1179.4 
1179.6 

0.409 
0.452 
0.445 
0.468 
0.457 
0.464 

The  universally  accepted  figure  for  the  specific  heat  of  steam  is 
0.48,  which  is  derived  from  Regnault's  experiments.  In  these 
experiments  the  range  of  temperature  was  from  about  260  degrees 
Fahr.  to  430  degrees  Fahr.  In  tests  with  throtthng  calorimeters 
it  is  necessary  to  know  the  total  heat  of  superheated  steam  at 
atmospheric  pressure.  This  is  usually  taken  as  the  total  heat  of 
saturated  steam  at  atmospheric  pressure,  plus  the  degrees  of  super- 
heating, times  0.48.  This  may  not  be  precisely  so,  as  it  has  not 
been  shown  that  the  factor  of  0.48  applies  over  the  range  from 
the  temperature  of  saturation,  or  212  degrees  Fahr.,  to  the  lowest 
temperature  of  Regnault's  experiments,  or  260  degrees  Fahr. 

In  Hegnault's  experiments  on  the  specific  heat  of  steam  he 
determined  the  total  heats  of  superheated  steam  at  two  different 
temperatures,  and  divided  the  difference  of  the  total  heats  by  the 
difference  of  temperature  in  order  to  obtain  the  specific  heat. 

The  average  results  of  the  experiments  are  given  in  Table  II. 
Table  III.  contains  a  comparison  of  the  total  heats  of  superheated 
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steam  at  atmospheric  pressure,  as  indicated  by  the  experiments, 
with  the  total  heat  calculated  by  employing  the  factor  of  0.48. 

TABLE   II. 
Regnault's  Experiments  to  Determine  the  Specific  Heat  of  Steam. 
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4 
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3 

6 

7 

8 

9 

10 

1 
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261.86 

1166.27 

448.00 

1253.54 

186.14 

87.27 

0.4688 

2 

3 

279.91 

1184.45 

3 

438.55 

1260.77 

158.64 

76.32 

0.4811 

3 

10 

255.76 

1163.39 

4 

410.79 

1236.92 

155.03 

74.54 

0.4808 

4 

6 

252.95 

1161.79 

7 

420.85 

1243.32 

167.90 

80.53 
Average 

0  4796 
0.4776 

Note.— Rcgnauli  remarks  that  if  we  neglect  the  first  series,  which  is  not  as  reliable  as  the 
others,  the  average  is  0.4805. 

TABLE  III. 

COMPAKISON   OF  THE   TOT.\L  HeATS  OF   SUPERHEATED  STEAM  AS    DETERMINED 

BY  Kpxjnaui.ts  Experiments  with  Values   obtained  by  employing 
THE  Equation  : 
Total  heat  in  li.  T.  U.,  above)    ^  ^^^g^  ^  ^^g  ^  degrees  of  superheating. 


32  degrees  Falir. 


^ 

Tests  with  Lowest  Amounts  of 
superueating. 

Tests  with  Greatest  Amounts  of 
Superheating. 

Temperature  in 
degrees  Fahr. 

Total  heat  in  B.  T.  U.,  above  32 
degreef  Fahr. 

Tenipernturo  in 
degrees  Fahr. 

Total  heat  in  B.  T.  U.,  above  32 
degrees  Fahr. 

b. 

By  experi- 
ment. 

Calculated. 

By  experi- 
ment. 

Calculated. 

Differ- 
ence. 

Differ- 
ence. 

1 

1 
2 
8 
4 

2 

8 

4 

5 

G 

i 

8 

9 

261.86 
279.91 
255.76 

2.52.95 

1 

1160.3 
1184.4 
1162.4 
1161.8 

1170  5 
1179.2 
1167.6 
1166.3 

+  4.2 
-  5.2 
+  5.2 
+  4.5 

448.00 
438.55 
410.79 

420.85 

1 

1253.5 
1260.8 
1236.9 
1243.3 

1359.9 
1255.3 
1242.0 
1246.8 

+  6.4 
-5.5 
-4-5.1 
+  4.5 
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A  graphical  representation  of  the  results  of  Eegnault's  experi- 
ments is  shown  in  Fig.  166.  The  average  results  of  each  series  of 
tests  are  indicated  by  dots  enclosed  in  circles.  The  crosses  repre- 
sent the  six  tests  which  form  the  second  series.  An  examination 
of  Fig.  166,  together  with  the  figures  given  in  Table  III.,  shows 
that  the  results  for  the  total  heats  vary  among  themselves,  the 
results  for  the  second  series  of  tests  being  above  the  theoretical 
value  in  which  the  specific  heat  is  taken  as  0.48,  and  the  remain- 
der below  this  value. 


212 


350 


300"  350  400' 

Temperature  In  degrees  Fahrenheit 

Fig.  166. 


450 


500  "• 


As  Eegnault  remarks  that  the  first  series  of  tests  are  not  as 
reliable  as  the  others,  w^e  will  consider  only  the  data  furnished  by 
the  remaining  series. 

In  Fig.  166  it  may  be  observed  that  the  six  separate  experiments 
of  the  second  series,  which  are  indicated  by  the  crosses,  are  all 
about  the  same  distance  above  the  line  found  by  employing  the 
factor  of  0.48,  thus  showing  that  the  experiments  agree  well 
among  themselves,  and  that  the  difference  between  this  series  and 
the  third  and  fourth  is  not  due  to  an  accidental  variation.  The 
third  and  fourth  series  of  tests  were  made  with  a  larger  calorime- 
ter than  was  used  in  the  second  series,  and  it  may  be  that  the 
discrepancies  in  the  total  heats  arise  from  some  slight  error  in 
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estiinatino"  the  constants  for  the  apparatus.  Should  there  be  such 
an  error,  it  would  affect  the  value  determined  for  the  specific  heat 
but  little,  if  at  all,  for  the  specific  heat  is  calculated  by  taking 
the  difference  of  the  total  heats,  and  a  constant  error  in  the  total 
amounts  would  not  affect  the  result.  As  the  average  of  the  two 
results,  one  for  the  calorimeter  used  in  the  second  series  of  tests, 
and  the  other  for  the  larger  calorimeter  used  in  the  third  and 
fourth  series  of  tests,  nearly  agree  with  the  total  heat  calculated 
by  employing  the  factor  of  O.ttS,  we  have  adopted  this  factor 
in  our  work. 

AVe  have  made  a  number  of  experiments  to  show  how  nearly 
the  above  factor  is  correct  as  applied  to  calorimeters  of  the  throt- 
tlino-  principle,  by  starting  with  steam  in  a  state  of  rest,  or  with 
movino*  steam  just  at  the  point  of  superheating,  and  passing  it 
throufi^h  a  Barrus  calorimeter.  If  the  initial  state  of  the  steam  is 
the  same  as  the  saturated  steam  of  Regnault's  experiments,  and 
the  factor  of  0.48  is  correct,  then  the  temperature  of  the  steam 
after  throttling,  or  the  normal  reading,  should  be  that  obtained  by 
the  equation, 

ISTormal  read  in  o^  =  — ^,  ^  ,  '    ^  +  L, 


In  the  first  series  of  experiments,  the  calorimeter  was  attached 
to  a  vertical  nozzle,  with  no  side  holes,  in  the  same  position 
in  which  it  is  shown  in  Fig.  143.  This  vertical  nozzle  drew 
the  steam  from  the  centre  of  the  three-inch  pipe.  It  was  found 
that,  with  no  other  steam  flowing  through  the  pipe  than  that 
which  passed  into  the  calorimeter,  the  temperature  of  the  steam 
leaving  the  calorimeter,  corrected  for  radiation,  with  an  initial 
steam  pressure  of  80  pounds,  was  283  degrees  Fahr.  When  the 
valve  M  was  opened  so  as  to  allow  the  steam  to  pass  the  calo- 
rimeter nozzle  at  a  considerable  velocity,  higher  normal  readings 
were  obtained  than  for  steam  in  a  state  of  rest,  provided  the 
steam  was  initially  superheated,  and  was  brought  down  to  a  state 
of  saturation  by  injecting  water  into  it.  In  such  tests  the  excess 
of  water  was  drawn  out  by  the  separator  K^  and  the  steam  which 
passed  into  the  calorimeter  was  drawn  from  the  steam  after  this 
excess  of  moisture  was  removed.  In  these  tests  the  temperature 
of  the  steam  in  the  three-inch  pipe  was  measured  near  the  calo- 
rimeter nozzle  by  means  of  a  thermometer,  the  bare  bulb  of  which 
came  in  direct  contact  with  the  steam,  and  by  means  of  a  ther- 
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mercury   well 


having 


a  thin    neck,   as 


mometer    placed   in   a 
described  in  the  paper. 

With  the  above  arrangement  it  was  impossible,  however,  to  bring 
the  steam  in  the  three-inch  pipe  just  up  to  the  point  of  superheat- 
ing, and  hold  it  at  this  point  long  enough  to  obtain  rehable  read- 
The  apparatus  shown  in  Fig.  167  was  therefore  constructed. 


ings. 


Fig.  167. 

In  this  apparatus  the  steam  was  admitted  at  A^  and  flowed  into 
the  horizontal  pipe,  B,  where  it  was  superheated  by  means  of  the 
gas  burners,  L.  The  temperature  of  the  superheated  steam  was 
measured  at  C.  A  small  stream  of  water  was  allowed  to  flow 
over  the  pipe  J/ in  some  of  the  tests,  so  as  to  produce  any  desired 
degree  of  wetness  in  the  steam.  The  wet  steam  was  passed  upward 
through  the  vertical  pipe,  D,  which  contained  an  auger-shaped 
piece  which  tended  to  thoroughly  mix  the  Avater  with  the  steam. 
The  steam  leaving  D  was  passed  through  a  smaller  pipe  into  the 
lower  part  of  the  vertical  pipe,  E,  which  contained  a  long  mercury 
well  for  measuring  the  temperature.  The  steam  then  passed  into 
the  side  of  the  three-inch  pipe,  P,  which  was  placed  at  an  angle 
of  about  30  degrees,  so  that  any  moisture  deposited  in  the 
pipe  ran  downward  and  was  drawn  out  at  the  drip,  7.  The  press- 
ure was  measured  by  means  of  the  gauge,  H.  The  thermometer 
at  F  was  placed  in  a  mercury  well  having  a  thin  neck,  and  that 
at  G  passed  through  a  stuffing-box  so  that  its  bulb  came  in  direct 
contact  with  the  steam.  The  calorimeter  nozzle  had  no  side  holes, 
and  projected  upward  into  the  three-inch  pipe  so  as  to  draw  steam 
from  the  centre  of  the  same.  J  is  a  valve  that  was  opened  in 
some  experiments  where  the  steam  was  made  to  flow  past  the 
calorimeter  nozzle. 
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All  parts  of  the  apparatus,  except  the  horizontal  pipe,  M,  and 
the  superheating  pipe,  i>,  were  thoroughly  covered  with  felting  to 
diminish  the  radiation.  With  this  apparatus  the  steam  could  be 
brought  just  to  the  point  of  superheating,  and  could  be  maintained 
in  this  condition  for  a  considerable  period  of  time ;  and  it 
was  found  that  the  normal  reading  of  the  calorimeter  for  steam 
in  this  condition  was  286  degrees  Fahr.  The  minimum  normal 
reading  was  283  degrees  Fahr.,  which  agreed  with  the  experi- 
ments already  described,  where  the  calorimeter  was  attached  to  a 
horizontal  three-inch  pipe.  The  theoretical  normal  reading  for  an 
exit  pressure  corresponding  to  a  temperature  of  213  degrees 
Fahr.,  which  was  the  temperature  indicated  by  the  Barrus  calo- 
rimeter with  saturated  steam  at  exit,  was  283.5  degrees  Fahr. ;  so 
that,  starting  with  steam  in  a  state  of  rest,  the  normal  reading  for 
steam  which  is  slowly  condensing  is  the  same  as  the  theoretical 
normal  reading  employing  the  factor  of  0.48. 

With  steam  initially  just  at  the  point  of  superheating,  a  slightly 
lower  value  of  the  factor  for  the  specific  heat  should  be  employed, 
to  make  the  theoretical  normal  reading  conform  with  that  ob- 
tained by  experiment.  We  cannot,  however,  say  which  of  the 
above  states  of  steam,  or  if  either  of  the  above  states,  are  the  same 
as  in  the  steam  used  in  Regnault's  experiments. 

The  method  adopted  by  Mr.  Barrus  to  determine  the  normal 
reading  is  to  obtain  the  indications  of  the  calorimeter  when  sup- 
plied with  steam  from  the  pipe  to  which  it  is  connected,  when  the 
latter  is  open  to  the  boilers,  and  there  is  no  flow  of  steam  through 
it,  so  that  the  pipe  contains  what  Mr.  Barrus  calls  "  dead  steam."  "^ 
Our  tests  at  80  pounds  pressure  show,  as  we  have  already  stated, 
that  results  obtained  in  this  way  agree  with  the  theoretical  nor- 
mal readings,  provided  the  sample  is  taken  from  a  horizontal  pipe 
by  means  of  a  vertical  nozzle  with  no  side  holes.  In  the  case  of 
a  nozzle  with  side  holes,  placed  in  a  vertical  pipe,  however,  we 
have  not  been  able  to  obtain  correct  normal  readings,  apparently 
because  of  water  which  trickled  down  the  side  of  the  pipe  and 
entered  the  nozzle. 

ilETilOD    OF   COMPUTING   THE   TRUE  PERCENTAGE    OF   MOISTURE    IN   THE 
STEAM    FLOWING    THROUGII    THE    THREE-INCH    HORIZONTAL    PIPE. 

The  method  wliich  has  already  been  described  consisted  in  de- 
termining the  percentage  of  moisture  in  the  mixture  of  steam  and 

*  Boiler  Testa,  by  Geo.  II.  Barrus,  p.  259. 
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the  known  weight  of  injected  water.     The  data  and  calculations 
in  detail  for  test  No.  9  of  Table  I.  are  as  follows : 

1.  Duration  of  selected  interval  for  which  the  average  data  is  obtained, 

in  minutes 30 

2.  Steam  condensed  in  the  condenser  R,  in  pounds  per  hour 1476 

3.  Steam  passing  through  orifice  of  Barrus  calorimeter  L,  in  pounds  per 

hour 58 

4.  Water  drawn  from  separator  of  Barrus  calorimeter,  in  pounds  per  hour      4. 10 

5.  Total  steam  and  entrained  water  leaving  the  separator  K,  in  pounds 

per  hour  =  line  2  +  line  3  +  line  4  =  W. 1538 

6.  Water  injected  at  P,  in  pounds  per  hour  =  w 45 . 6 

7.  Temperature  of  water  injected  at  F,  in  degrees  Fahr.  =  t' 72.6 

8.  Pressure  of  steam  at  J,  in  pounds  per  square  inch  above  atmosphere,  80.0 

9.  Sensible  heat  of  steam  corresponding  to  pressure  at  J,  in  B.T.  \].  —  h. .  326.9 

10.  Temperature  of  steam  corresponding  to  pressure  at  J",  in  degrees  Fahr. 

=  t' 323.7 

11.  Latent  heat  of  steam  corresponding  to  pressure  at  J",  in  degrees  Fahr. 

=  L 885.7 

12.  Temperature  of  superheated  steam  before  injecting  water,  as  registered 

by  the  thermometer  Z),  in  degrees  Fahr,  =  f" 352.4 

13.  Weight  of  the  injected  water  w  that  was  evaporated  into  steam  on 

mingling  with  the  superheated  steam,  in  pounds,* 

_  ()Al{t"'-t"){W-ic)-ic{h-  t') 

L  ^'^ 

14.  Total  weight  of  water  in  the  mixture  of  steam  and  water  =  line  6  —  line 

13 36.0 

15.  True  percentage  of  moisture  in  steam   on  reaching  the  Barrus  calo- 

rimeter at  iy  =  Hne  14  x  100  -^  line  5 2.3 

16.  Water  entering  the  twelve-inch  drum  N,  in  pounds  =  line  14  —  line  4      31.9 

17.  True  percentage  of  moisture  in  steam  in  twelve-inch  drum  =  line  16 

X  100-=- line  2 2.2 

Calculation  of  Perceistage  of  Moisture  Indicated  by  the  Barrus 

Calorimeter. 

1.  Weight  of  water  drawn  from  separator  per  hour,  in  pounds 4.10 

2.  Weight  of  steam  flowing  through  orifice,  in  pounds  per  hour 58 

3.  Temperature  after  throttling,  in  degrees  Fahr 281 

4.  Correction  for  radiation  of  heat  gauge,  in  degrees  Fahr 2.0 

5.  Correction  for  radiation  of  separator,  in  degrees  Fahr 3.9 

6.  Correction  for  radiation  of  horizontal  half-inch  pipe  leading  from  nipple 

to  separator,  in  degrees  Fahr 1.1 

7.  Temperature  of  steam  after  throttling,  corrected  for  radiation  of  heat 

gauge,  in  degrees  Fahr 283 

8.  Percentage  of  moisture  in  steam  leaving  separator 0 

■*  In  the  tests  in  which  there  was  a  high  percentage  of  moisture  the  injected 
water  condensed  a  portion  of  the  steam  instead  of  being  partly  evaporated.  The 
factor  of  0.47  is  obtained  from  the  experiments  given  in  Table  I. 
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9.  Percentage  of  moisture  removed  by  the  separator  of  the  Barrus  calo- 
rimeter —  Hue  1  X  100 -^  (line  1  +  line  2) 6.6 

10.  Correctiou  for  radiation  of  separator  and  half-inch  pipe  in  per  cent. 

5.0  X  0.48  X  100  Q  3 

885.7 

11.  Percentage  of  moisture  indicated  by  Barrus  calorimeter  =  line  9  —  line 

10  6.3 

Determination  op  the  Percentage  of  Moisture  indicated  by  the  Super- 
heating OBSERVED  IN  THE  TWELVE-INCH  DrUM  MARKED  JV  IN  FiG.  143. 

1.  Pressure  of  steam  before  throttling,  in  pounds  per  square  inch  above 

atmosphere  —  pi 80 

2.  Pressure  of  steam  after  throttling,  in  pounds  per  square  inch  above 

atmosphere  =  p-2 0-9 

3.  Sensible  heat  corresponding  to  pressure  pi  =  hi 326 . 9 

4.  Latent  heat  corresponding  to  pressure  pi  =  Li 885 . 7 

5.  Total  heat  corresponding  to  pressure  p^  =  H-i 1179 . 5 

6.  Temperature  corresponding  to  pressure  p^  =  t^ 215 . 0 

7.  Temperature  of  superheated  steam  after  throttling  =  S^ 240.2 

8.  Quality  of  steam  = y v.vio 

9.  Percentage  of  priming  =  100  (1  —  line  8) 2.4 


SUMMATION    FOR   THE    SINGLE    TEST    COMPUTED    ABOVE. 

1.  The  steam  passing  into  the  Barrus  calorimeter  contained 
6.3  per  cent,  of  moisture,  whereas  the  average  percentage  con- 
tained in  the  steam  flowing  through  the  three-inch  pipe  to  w^hich 
the  calorimeter  was  attached  was  2.3  per  cent. 

2.  The  percentage  of  moisture  in  the  steam  entering  the  twelve- 
inch  drum  was  2.2,  whereas  the  percentage  calculated  from  the 
amount  of  superheating  was  2.4  per  cent.  A  number  of  com- 
parisons of  this  kind  were  made,  to  check  the  moisture  indicated 
by  the  superlieating  in  the  twelve-inch  drum,  and  in  each  case  the 
results  agreed  with  each  other  within  an  average  figure  of  -J  of 
1  per  cent.,  the  difference  being  sometimes  in  one  direction  and 
sometimes  in  the  other. 

DISCUSSION. 

Mr.  William  Kent. — I  would  like  to  ask  Professor  Jacobus,  first, 
whether  the  differences  are  due  to  any  action  of  the  nozzle  inserted 
into  tlie  steam-pipe,  or  whether  they  are  due  to  the  calorimeter  itself, 
and  if  the  latter,  wliat  is  the  cause  of  the  error  of  the  calorimeter  ? 
Is  it  due  U)  iinf>erfect  knowledge  of  the  specific  heat  of  superheated 
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steam,  or  is  it  due  to  some  action  of  the  calorimeter  itself? 
We  have  always  supposed  that  this  form  of  calorimeter  was 
perfect,  provided  we  knew  the  specific  heat  of  superheated 
steam.  We  have  long  had  the  impression,  however,  that  we 
were  entirely  uncertain  as  to  w^iether  or  not  w^e  had  an  aver- 
age sample  of  steam  in  the  nozzle  that  took  it  out  of  the  steam- 
pipe. 

Professor  Jacobus. — The  error  is  due  to  the  action  of  the  nozzle, 
which  does  not  supply  the  calorimeter  with  an  average  sample  of 
steam.  We  have  checked  the  throttling  principle  in  the  way 
indicated  in  the  paper,  which  can  be  explained  more  readily  by 
means  of  the  sketch  shown  in  Fio^.  143.  Steam  entered  throufirh 
the  3-inch  pipe  at  A^  and  passed  into  the  6-inch  drum  ^,  where 
the  superheat  was  measured  by  means  of  the  thermometers  6^  and 
D.  The  thermometer  G  was  placed  in  an  ordinary  mercury  well, 
and  the  thermometer  D  in  a  mercury  well  having  a  thin  neck  and 
a  bulb  of  metal  at  its  lower  end,  as  explained  in  the  paper.  The 
thermometer  placed  in  the  well  having  the  bulb  at  the  lowest  end 
was  found  to  give  a  higher  reading  than  one  placed  in  the  ordinary 
form  of  well.  From  the  6-inch  drum  B  the  steam  passed  into  the 
horizontal  3-inch  pipe  E.  Water  was  injected  through  the  nozzle 
F^  in  which  two  jets  were  made  to  impinge  on  each  other  and 
thus  produce  a  fine  spray,  or  through  a  plate  at  G  perforated  with 
holes  one-eighth  of  an  inch  in  diameter.  The  temperature  of  this 
water  was  measured  at  W.  The  temperature  of  the  mixture  of 
steam  and  water  was  measured  at  ^,  the  reading  in  all  cases 
being  that  corresponding  to  saturated  steam  at  the  pressure  exist- 
ing in  the  pipe  E.  The  pressure  w^as  measured  by  means  of  the 
two  gauges  /  and  J.  The  siphon  connecting  the  gauge  e/witli 
the  pipe  E  was  surrounded  with  water  so  as  to  prevent  overheat- 
ing. The  steam  and  water  passed  into  the  separator  K^  the  drip 
of  which  was  closed  so  that  all  the  moisture  in  the  steam  passed 
through  the  separator.  The  Barrus  calorimeter  L  was  placed  in 
the  3-inch  nipple  which  formed  the  outflow  of  the  separator.  M 
is  a  valve  which  was  employed  to  regulate  the  rate  of  flow,  and 
to  throttle  the  steam  so  that  it  Avas  very  nearly  at  atmospheric 
pressure  in  the  12-inch  drum  N.  The  temperature  of  the  steam 
in  the  12-inch  drum  was  measured  by  means  of  the  thermometers 
0  and  P,  the  thermometer  0  being  placed  in  a  mercury  well,  and 
the  thermometer  P  coming  directly  in  contact  with  the  steam. 
The    thermometer    Q   measured    the    temperature  of  the  steam 
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on  leaving  the  12-inch  drum.  From  the  12-mch  drum  the  steam 
entered  the  condenser  R,  and  the  condensed  steam  --«  An^ 
xvei.d,ed  in  the  barrels  S  and  T.  The  pressure  m  the  12-mch 
drum  .vas  measured  by  means  of  a  gauge  and  a  mercury  manome- 
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ter  attached  to  the  pipe    U.      F  is  a  valve  through  which  the 
steam  could  be  allowed  to  escape  into  the  atmosphere. 

The  valve  M  and  the  drum  N  constitute  a  laro^e  throttlino' 
calorimeter,  so  that  if  we  know  the  percentage  of  moisture  in  the 
steam  before  passing  through  the  valve  Jlf  we  can  compare  it  with 
the  value  obtained  by  calculation  from  the  superheating  observed 
in  the  drum  N,  The  true  percentage  of  moisture  was  calculated 
from  the  weight  and  temperature  of  the  water  injected  at  i^or  G^ 
together  with  the  superheating  of  the  steam  in  the  drum  B^  and 
the  results  by  the  two  methods  were  found  to  agree  within  one- 
fifth  of  one  per  cent.,  as  stated  in  the  paper,  up  to  a  range  nearly 
equal  to  the  maximum  capacity  of  a  throttling  calorimeter  at  the 
existing  pressures.  ^Vhen  the  thermometers  in  the  drum  N 
registered  about  220  degrees  a  slight  drip  of  water  would  appear 
at  the  valve  X,  thus  showing  that  all  the  moisture  had  not  been 
evaporated,  but  up  to  this  limit  the  percentage  of  moisture  calcu- 
lated from  the  superheating  agreed  with  that  obtained  by  weigh- 
ing the  amount  of  water  injected. 

2Lr.  Kent. — You  used  the  coefficient  of  0.48  for  superheat  ? 

Professor  Jacobus. — Yes ;  the  coefficient  of  0.48  was  used  for 

the  specific  heat  of  steam.     By  the  way,  this  is  another  point  I 

have  worked  on.     AYe  have  to  obtain  the  "normal"  reading  of 

the  calorimeter,  or  that  corresponding  to  saturated   steam,  by 

experiment,  or  use  the  coefficient  of  0.4S  for  the  specific  heat  of 

steam.     The  experiments  show  that,  starting  with    80   pounces, 

various  normal  readings  can  be  obtained,  depending  on  the  initial 

condition  of  the  steam.      If  we  start  with  superheated  steam  at 

80  pounds  and  inject  enough  moisture  to  condense  a  portion  of  it, 

and  make  certain  that  there  is  no  superheat  left  in  it,  then  the 

normal  reading  of  the  calorimeter  at  Z,  and  the  normal  reading  of 

the  drum  J/,  may  be  as  high  as  290  degrees  Fahr.  if  the  steam  is 

moving  through  the  pipe  E  with  a  considerable  velocity.     With 

steam  in  a  state  of  rest  in  the  pipe,  with   the  exception  of  the 

small  amount  drawn  off  by  the  calorimeter,  the  minimum  normal 

reading,  corrected  for  radiation,  was  283.     The  normal  reading 

with  the  steam  as  dry  as  possible  without  superheating  was  286 

degrees  Fahr.     The  reading  of   the  lower  thermometer   of  the 

Barrus  calorimeter  for  saturated  steam  was  213  degrees  Fahr. ;  so 

that  the  theoretical  reading  was  283|  degrees  Fahr.,  which  about 

agrees  with  the  lowest  reading  determined  by  experiment. 

We  have  used  the  theoretical  normal  reading  although  the  tests 
30 
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seem  to  indicate  that  dry  steam  will  give  a  slightly  higher  figure. 
In  the  present  comparison  it  makes  no  practical  difference  which 
one  of  the  above  normal  readings  is  used,  because  the  tests  were 
so  conducted  that  a  chano^e  in  the  normal  readins:  will  alter  the 
percentages  of  priming  determined  by  weighing  and  that  obtained 
b}'  the  Barrus  calorimeter  in  about  the  same  ratio. 

jl/?'.  Kent. — How  do  you  explain  that  more  water  got  into  the 
calorimeter  than  was  contained  in  the  average  steam  ? 

Professor  Jacobus. — I  will  explain  that  after  saying  more  in  re- 
gard to  the  normal  reading.  It  is  probable  that  the  variation  of 
the  normal  readings  with  quiescent  steam  is  due  to  the  presence  of 
mist  in  the  steam.  As  the  steam  becomes  dryer  this  mist  is  evapo- 
rated so  that  when  the  steam  is  just  at  the  point  of  superheating  the 
normal  reading  is  higher  than  it  is  for  steam  which  contains  mist. 
With  steam  in  a  quiescent  state  in  a  pipe,  and  which  is  undergo- 
ing condensation  on  account  of  the  radiation  of  the  pipe  the  nor- 
mal reading  corresponds  to  that  of  steam  containing  the  maximum 
amount  of  mist.  The  entire  variation  in  the  normal  reading  for 
quiescent  steam,  for  the  pressure  at  which  our  experiments  ^vere 
made,  was  three  degrees  Fahrenheit.  Experiments  are  still  needed 
to  show  how  nearly  quiescent  steam  corresponds  to  the  steam  of 
Eegnault's  experiments. 

That  there  may  be  a  difference  in  the  condition  of  steam  at  a 
given  temperature  and  pressure,  was  appreciated  by  Professor 
Hankine,  who  makes  the  statement  that  a  vapor  near  the  point  of 
liquefaction  has  the  power  of  retaining  suspended  in  it  a  portion 
of  its  liquid  in  a  state  of  cloud  or  mist. 

xSow,  with  regard  to  the  action  which  occurs  at  the  nozzle : 
To  gain  knowledge  on  this  point  a  nozzle  was  used  which  had  a 
slot  in  one  side  about  one-quarter  of  an  inch  wide  and  one  inch 
long.  This  slot  was  placed  in  the  middle  of  the  pipe.  First,  the 
nozzle  was  turned  so  that  the  slob  was  toward  the  current  of 
steam,  and  the  percentage  of  priming  was  determined.  The  noz- 
zle was  next  turned  so  the  slot  was  sidewise,  and  the  percentage 
of  moisture  was  redetermined.  The  nozzle  was  finally  turned  all 
the  way  round  so  that  the  steam  struck  the  side  opposite  the  noz- 
zle. In  the  latter  case  the  percentage  of  priming  as  shown  by  the 
calorimeter  was  greater  than  for  either  of  the  others,  as  has  been 
stated  in  the  paper.  This  tends  to  show  that  the  moisture  in  the 
steam  will  cling  to  a  nozzle  and  creep  around  it  so  as  to  be  drawn 
in  by  the  currents  of  the  steam  which  enter  the  orifices  in  its  sides. 
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Prof.  R.  C.  Carpenter. — The  subject  of  Professor  Jacobus's  paper 
seems  to  the  writer  to  be  confined  to  that  important  part  of  calorim- 
etry  which  relates  to  the  selection  of  a  correct  sample  of  steam 
from  the  main  steam-pipe.  The  experiments  seem  to  have  been 
performed,  not  with  a  pure  throttling  calorimeter,  but  with  a  com- 
bination of  water-separating  device  and  calorimeter.  The  limits 
of  the  throttling  instrument  are  much  narrower  than  that  of  the 
instrument  described  ;  on  the  other  hand,  the  radiation  losses  are 
much  less,  for  the  reason  that  the  surface  exposed  is  much  smaller. 
The  paper  shows  very  large  errors,  indeed,  due  to  the  type  of 
calorimeter  used,  but  these  are  probably  in  great  part  due  to  the 


Fig.  144. 


variation  in  the  sample  of  steam  supplied  and  are  not  in  any  case 
to  be  charged  to  the  instrument.  The  general  conclusions  which 
Professor  Jacobus  draws,  I  am  very  happy  to  find,  are  quite  in 
accord  with  the  results  of  some  experiments  made  under  my 
direction  and  published  in  Yol.  XII.  of  the  Transactions^  pages 
856  to  871,  "  Notes  Regarding  Calorimeters."  The  results  of  the 
experiments  made  at  that  time,  and  of  a  number  made  since, 
indicate  a  very  great  difference  in  the  character  of  the  sample 
depending  upon  the  form  and  position  of  the  collecting  nipple. 
At  that  time  an  extended  series  of  experiments  Avere  made  with 
perforated  connecting  nipples,  and  also  with  adjustable  nozzles 
arranged  to  take  samples  of  steam  from  various  portions  of  the 
steam-pipe.  A  considerable  difference  was  found  in  the  results, 
the  error  being  for  small  percentages  of  moisture  less  than  defi- 
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nitely  measurable  when  a  collecting  nipple  was  inserted  in  a  ver- 
tical pipe,  as  shown  in  the  adjacent  figure  (Fig.  144:),  with  the 
holes  about  one-quarter  of  an  inch  in  diameter.  Tests  were  also 
made  with  adjustable  nozzles  arranged  to  take  steam  from  differ- 
ent portions  of  a  horizontal  pipe,  the  results  obtained  being  as 
follows  for  that  case  : 


Trne 

Araonnt  of 

Moisture. 

Per  cent. 


1.71 


1.65 


1.52 


1.53 


1.47 


Moisture  in 

t?ample 

Supplied. 

Per  cent. 


Error  in 
Sample. 
Per  cent. 


Position  of  Nozzle. 


1.56  +  0.15 


1.90 


2.25 


2.57 


1.85 


-0.25 


0.73 


-  1.04 


-0.38 


Taking  steam  from  top  of  pipe. 


Taking  steam  from  bottom. 


Facing  the  current. 


Opposing  the  current. 


No  perforations.  Extending  two- 
thirds  across  the  pipe. 


o- 


f- 


Fig.  145. 


These  experiments  indicate  an  extreme  variation  in  quality 
simply  due  to  drawing  the  steam  from  various  portions  of  the 
steam-pipe,  the  error  in  the  sample  of  steam  supplied  varying 
from  slightly  over  one  per  cent,  of  water  in  excess,  in  one  case,  to 
about  one-sixth  per  cent,  deficiency  in  another.  As  the  per  cent, 
in  moisture  increases,  these  differences  are  no  doubt  increased  very 
much.  AVlien  the  steam  contains  more  than  about  three  per  cent, 
of  moisture,  I  know  from  actual  observation  that  the  greater 
portion  of  this  moisture  exists  as  water,  which,  in  a  horizontal 
pipe,  remains  near  bottom  and  is  not  mixed  to  any  appreciable 
extent  with  the  steam.  The  question  then  of  obtaining  a  fair 
sample  depends  upon  where  you  happen  to  tap  this  stream.  If 
you  can  glean  off  the  proper  weight  of  water,  and  the  correct 
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amount  of  steam,  you  will  have  a  perfectly  fair  sample.  This  is 
a  very  difficult  thing  to  do,  and  I  do  not  believe  that  any  general 
method  can  be  devised  that  will  give  a  perfectly  fair  sample  for 
all  cases.  This  is  certainly  true  for  sample  from  a  horizontal 
pipe,  although  possibly  not  from  a  vertical  steam-pipe. 

The  experiments  which  Professor  Jacobus  has  made  cover  a 
greater  range,  so  far  as  moisture  is  concerned,  than  ever  occurs  in 
any  working  plant ;  consequently,  the  errors  due  to  imperfect 
sampling  appear  much  worse  in  his  investigation  than  would 
usually  be  found  in  practice.  It  is  true  that  occasionally  exces- 
sive amounts  of  water  are  thrown  over  by  boilers,  but  usually  the 
amounts  run  very  much  less  than  two  per  cent.  For  small 
amounts  of  moisture  in  steam,  the  calorimeter  errors,  especially 
with  the  simple  throttling  instrument,  or  with  the  steam-jacketed 
separating  instrument,  are  exceedingly  small,  and  I  think  that 
we  have  established  the  fact  that  when  the  per  cent,  of  moisture 
is  less  than  three,  the  error  in  obtaining  the  sample  of  steam  from 
a  perforated  collecting  nipple  should  never  be  in  excess  of  one- 
fourth  of  one  per  cent.  When  the  amount  of  water  is  in  excess, 
it  then  becomes  a  very  different  matter  indeed.  In  connection 
with  the  test  of  steam  separators  at  Sibley  College,  in  1891,  we 
made  an  extended  investigation  on  this  subject.  Without  going 
into  details,  the  results  of  our  conclusion  were  ;  first,  that  we 
could  not  obtain  a  fair  sample  of  steam  from  a  horizontal  pipe 
when  there  was  moisture  in  excess  of  three  per  cent ;  second,  we 
could  obtain  a  sample  which  was  within  two  or  three  per  cent,  of 
the  correct  amount,  by  drawing  from  a  vertical  pipe  shortly  be- 
low an  elbow.  The  water  and  steam  impinged  in  making  the 
bend  so  as  to  be  well  mixed,  at  least  for  a  short  distance. 

The  experiment  presented  by  Professor  Jacobus  seems  to  show 
that  the  sample  of  steam  obtained  by  the  calorimeter  is  very  much 
more  wet  than  the  average  supplied  to  the  condenser.  I  am  un- 
able to  tell  from  the  text  of  his  paper  whether  the  results  given 
in  Table  I.  were  corrected  for  radiation  in  the  calorimeter.  If  a 
small  amount  of  steam  were  flowing  through  the  calorimeter,  this 
error  would  be  of  considerable  magnitude,  and  might  account  for 
the  differences  found  when  the  steam  was  nearly  dry.  It  is,  how- 
ever, perfectly  possible  to  obtain  steam  much  dryer  than  the  aver- 
age. I  am  of  the  opinion  that  in  the  case  of  very  wet  steam  the 
chances  would  be  equally  good  of  providing  a  sample  for  the  cal- 
orimeter which  would  be  too  drv.     As  an  illustration,  I  will  cite 
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Ftg.   146. 


the  results  of  a  single  experiment  made  within  the  last  month  in 
a  test  of  a  Stratton  separator.  The  apparatus  for  this  test  was 
arranfred  as  shown  in  the  accompanying  diagram  (Fig.  146).  The 
main  steam  pipe  {CAG)  was  arranged  so  that  it  could  be  sur- 
rounded by  a  jacket  at  B  which  could  be  filled  at  any  desired 
heififht  with  water,  this  water  being  used  to  condense  the  steam 
which  was  supplied  to  the  separator.     The  steam  discharged  from 

the  separator  was  condensed 

mj«  inasurface  condenser,  K. 

The  total  percentage  of  water 
was  determined  by  a  method 
essentially  the  same  as  that 
described  by  Professor  Jaco- 
bus, and  is  correct  within  a 
very  small  percentage  of  error. 
A  calorimeter  of  the  separat- 
ing tvpe,  steam- jacketed  to  prevent  loss  by  radiation,  Avas  inserted 
at  A  in  the  extreme  end  of  the  horizontal  pipe,  and  another  one 
exactly  the  same  was  attached  at  B,  in  a  vertical  pipe,  by  a  con- 
necting nipple  of  the  form  described. 

Throughout  all  these  tests,  the  steam  discharged  from  the  sepa- 
rator was  essentially  uniform  in  quality,  and  containing,  in  every 
case,  less  than  one  per  cent,  of  moisture.  The  percentage  of  moist- 
ure indicated  by  calorimeter  A^  when  less  than  five  per  cent.,  was 
in  practical  agreement  with  the  true  quantity.  When  the  moist- 
ure was  in  excess  of  that  amount,  this  calorimeter  showed  a  very 
great  excess  of  the  true  amount. 

The  calorimeter  B^  taking  a  sample  from  the  vertical  pipe, 
showed,  during  the  entire  series  of  runs,  nearly  dry  steam,  a 
tabulation  of  the  results  being  as  follows  : 

Moisture  shown  by  Calorimeter. 

A  B 

5.3  0.7 

39.3  1.1 

38.1  1.0 

42.8  0.6 

39.7  0.5 


No.  of  Ilun. 

Actaal  Moisture  % 

1 

5.7 

2 

17.2 

3 

15.31 

4 

15.6 

5 

20.9 

In  thi?  case  one  calorimeter  was  supplied  with  a  sample  of 
steam  whicii  was  practically  dry,  while  the  other  one  received  a 
great  excess  of  water.  The  experiments  made  by  the  writer  would 
indicate  that  in  the  ordinary  location  selected  for  the  calorimeter. 
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the  sample  of  steam  is  likely  to  be  better,  rather  than  Trorse,  than 
the  average,  but  where  the  percentages  of  moisture  are  large,  the 
writer  has  doubts  regarding  the  possibiHty  of  obtaining  any 
samples  of  steam  which  would  be  certain  to  represent  the  mean 
condition. 

The  errors  which  are  due  to  the  calorimeters  themselves,  and 
which  are  independent  of  the  moisture  contained  in  the  steam,  do 
not  seem  to  have  been  considered  in  this  case.  In  the  article  re- 
ferred to  in  Yol.  XII.  are  given  several  experiments  showing  the 
effect  on  results  of  arranging  several  calorimeters  in  the  same 
manner,  and  noting  the  effect  of  radiation  when  covered  with  hair- 
felt  or  exposed  to  the  air,  and  wdien  discharging  different  amounts 
of  steam.  The  results  would  indicate  that  where  there  was  as 
much  steam  flowing  as  would  pass  through  a  nozzle  one-eighth  of 
an  inch  in  diameter  the  loss  from  radiation,  clothed  or  unclothed, 
rarely  made  one-tenth  of  one  per  cent,  difference  in  the  result. 

From  these  experiments  the  writer  concluded  it  important  to 
know^  the  back-pressure  in  the  calorimeter  caused  by  the  exhaust 
pipe  leading  from  the  calorimeter,  as  it  often  influenced  the  results 
to  a  great  extent.  The  w^riter  also  found  that  somewhat  more 
accurate  results  were  obtained  by  using 
no  insulating  device  to  prevent  the 
flow  of  heat  from  the  main  steam- pipe 
through  the  metallic  walls  to  the  calo- 
rimeter. There  is  alwavs  some  loss 
of  heat,  and  this  seems  to  be  partly 
compensated  for,  b}"  using  metallic 
connections.  In  order  to  determine 
the  actual  loss  in  temperature  due  to 
radiation,  the  writer  had  some  experi- 
ments made  in  which  two  calorimeters 
taking  the  same  quality  of  steam  were 
directly  compared.  One  calorimeter 
was  clothed  with  a  thick  covering  of 
hair-feltino^ :  the  other  was  surrounded  bv  an  oil  bath  in  the  vessel 
CDFE,  as  shown  in  Fio;.  147.  The  oil  was  heated  bv  means  of 
steam  passing  through  the  coils  A  and  B,  until  a  thermometer 
immersed  in  the  oil  indicated  a  temperature  one  degree  less  than 
that  in  the  calorimeter,  the  oil  being  maintained  at  that  tempera- 
ture, which  was  so  nearly  that  inside  the  calorimeter  that  sensible 
radiation  would  be  impossible.     The  result  of  this  experiment 


Fig.  147. 
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indicated  a  loss  from  radiation  sufficient  to  reduce  the  tempera- 
ture in  the  calorimeter  from  eight-tenths  to  one  degree.  This,  in 
any  practical  use  of  the  instrument,  is  so  small  a  quantity  that 
it  can  be  neglected,  especially  since  it  corresponds  to  only  about 
one-twentieth  of  one  per  cent,  of  moisture.  The  form  of  the 
calorimeter  as  now  used  by  the  writer  is  shown  in  Fig.  IttS. 
Where  the  steam  contains  a  large  amount  of  moisture,  the 
writer  has  used   for   some   time   a  miniature   steam    separator 


Fig.  148. 


w^hich  is  surrounded  by  a  steam-jacket  filled  with  high-pressure 
steam,  and  is  provided  with  a  water-glass  and  graduated  scale  to 
read  one-hundredths  of  a  pound.  The  total  amount  of  dr}^  steam 
flowing  through  the  separator  is  caught  in  a  can  partially  filled 
with  cold  water  and  condensed.  The  top  part  of  this  can  carries 
a  scale  graduated  to  tenths  of  a  ])ound  for  water  at  100  degrees 
Cent.  From  the  reading  of  the  two  scales  can  be  obtained  in 
the  one  case,  the  weight  of  moisture  in  the  steam,  and  in  the  other 
the  weight  of  dry  steam.  Small  corrections  for  change  of  volume 
with  temperature  are  not  of  significant  value,  and  can  be  neglected. 
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This  instrument  has  now  been  in  extensive  use  for  the  past  three 
years,  and  we  have  had  an  opportunity  to  compare  it  with  a 
throtthng  calorimeter  a  great  many  times,  and  when  properly 
handled  the  two  instruments  have  shown  in  each  case  results 


Fig.  149. 

which  are  essentially  the  same.     The  form  of  this  instrument  is 
shown  in  Fig.  149. 

Professor  Jacobus. — I  will  say  that  the  results  were  all  cor- 
rected for  radiation,  and  the  radiation  was  determined  in  a  careful 
way,  as  described  in  the  paper,  so  that  the  point  that  Professor 
Carpenter  raises  about  the  radiation  of  the  separator,  etc.,  has  been 
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covered.  The  only  statement  made  in  the  paper  is  that  the  tests 
indicate  that  the  various  nozzles  such  as  are  now  used  in  practice 
do  not  supply  average  samples  of  steam  to  the  calorimeters.  This, 
of  course,  does  not  imply  that  the  calorimeter  itself  is  wrong.  The 
calorimeter  itself  is  correct,  as  I  have  before  stated. 

Mr.  Kent. — Can  you  tell  us  what  kind  of  a  nozzle  you  will  use? 

Professor  Jacobus. — No,  we  have  been  working  on  this  problem, 
but  have  not  found  a  nozzle  that  gives  correct  results  under  all 
conditions. 

T/ie  Chairman. — It  seems  to  me  on  this  calorimeter  question 
we  have  got  a  first-rate  thing  to  measure  with,  but  we  cannot 
o:et  the  thino^  to  measure. 

Prof.  D.  S.  Jacobus.^ — Professor  Carpenter's  discussion  was  not 
read  in  full  at  the  meeting,  and  as  there  are  several  notes  I  wish 
to  make  after  examining  it  in  detail  the  following  matter  is  pre- 
sented : 

It  appears  to  me  that  Professor  Carpenter  must  have  made 
many  of  his  tests  with  a  less  velocity  of  flow  of  steam  in  the  main 
pipe  than  was  the  case  in  my  tests.  He  states  that  if  the  percentage 
of  moisture  is  less  than  three  per  cent,  the  error  in  obtaining  the 
sample  of  steam  from  a  perforated  collecting-nipple  should  never 
be  in  excess  of  one-quarter  of  one  per  cent.;  and  also  remarks  that 
his  experiments  would  indicate  that  in  the  ordinary  method  of  in- 
serting the  nipple  for  the  calorimeter,  the  sample  of  steam  is  likelj^ 
to  be  better,  rather  than  worse,  than  the  average.  In  a  special 
series  of  my  experiments  it  was  shown  that  if  the  velocity  was 
decreased  to  about  one-third  that  which  existed  in  the  main  steam- 
pipe  during  the  experiments  quoted  in  Table  I.  of  my  paper,  the 
percentages  of  priming  indicated  by  the  calorimeter  were  less 
than  the  true  amount.  Such  low  velocities  (fifteen  feet  per 
second),  however,  seldom  occur  in  practice,  and  the  results  were 
therefore  not  included  in  the  paper.  It  may,  therefore,  be  possible 
that  Professor  Carpenter's  conclusion  that  a  sample  of  steam  is 
likely  to  be  "  better  rather  than  worse  "  applies  to  slow  velocities, 
whereas  my  experiments  show  that  this  is  not  the  case  with 
vekx:ities  approaching  those  found  in  practice  (upwards  of  fifty 
feet  per  second). 

The  experiments,  Nos.  18  to  21,  Table  I.,  presented  at  the  time 
of  the  meeting,  show  that  the  same  percentage  of  error  exists  for 
rates  of  priming  below  two  and  a  half  per  cent,  as  at  the  higher 

*  Author's  closure,  under  the  Rules. 
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percentage  of  priming.  Professor  Carpenter's  conclusion  that  the 
error  for  such  low  rates  should  not  exceed  one-quarter  of  one  per 
cent,  is,  therefore,  not  true  for  the  conditions  of  my  experiments. 
As  very  slow  velocities  tend  to  produce  too  lo^y  indications  of 
moisture  for  the  conditions  under  which  my  tests  were  made,  and 
higher  ones  approaching  those  employed  in  practice  tend  to  give 
indications  which  are  too  high,  there  may  be  a  particular  velocity 
for  a  given  set  of  conditions  at  which  a  nozzle  will  give  results 
which  are  nearly  correct,  and  Professor  Carpenter's  tests  may 
have  been  made  with  such  a  velocity. 

In  Professor  Carpenter's  tests  with  different  forms  of  nozzles, 
presented  in  Yol.  XII.,  the  velocity  is  not  stated,  and  from  the 
arrangement  shown  in  the  sketch  of  his  apparatus  it  appears  that 
the  discharge  of  steam  from  the  three-inch  main  horizontal  pipe 
was  simply  that  of  a  drip  valve.  The  velocity  of  the  steam  passing 
by  the  calorimeter  nozzles  may,  therefore,  have  been  comparatively 
slow.  If  the  velocity  had  approached  that  existing  in  ordinary 
practice,  the  results  for  the  various  nozzles  might  disagree  to  a 
greater  extent  among  themselves  than  is  indicated  by  his  tests. 

From  the  sketch  given  by  Professor  Carpenter,  showing  the 
arrangement  of  a  Stratton  separator  for  testing,  it  does  not  appear 
that  he  determined  the  true  percentages  of  moisture  by  methods 
entirely  independent  of  calorimeter  measurements ;  whereas,  with 
the  arrano-ement  shown  in  Fiof.  143,  no  calorimeter  measurements 
were  employed  to  obtain  the  true  percentages. 

In  our  experiments  the  steam  was  superheated  on  arriving  at 
the  drum  B^  Fig.  143  ;  and  the  heat  units  per  pound  of  steam 
corresponding  to  a  given  amount  of  superheat,  as  registered  by 
the  thermometers  D  and  C^  were  determined  by  preliminary  ex- 
periments. In  these  no  water  was  injected  into  the  steam-pipe, 
and  the  entire  volume  of  superheated  steam  passing  through  the 
apparatus  was  then  throttled  and  its  temperature  after  throttling 
measured  in  the  twelve-inch  drum  N. 

From  the  results  the  effect  of  radiation  was  determined,  so  that 
coefficients  were  deduced  representing  the  calorific  equivalent  of 
each  degree  of  superheat  as  measured  by  the  thermometers  at  B  less 
loss  by  radiation.  For  the  higher  rates  of  flow  the  coefficient  was 
found  to  be  0.47,  and  for  the  lower  rates  0.45.  These  figures  are 
equivalent  to  the  specific  heat  of  the  steam  less  the  radiation  effect 
of  the  apparatus,  but  are  not  exact  physical  quantities,  because  the 
temperature  indicated  by  the  thermometers  emplo3^ed  to  measure 
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the  superheat  of  the  steam  may  not  have  given  the  correct  average 
for  all  the  steam  passing  through  the  drum  in  whicli  they  were 
placed.  The  drum  itself  was  much  cooler  than  the  superheated 
steam  near  its  centre,  for  with  superheating  to  the  extent  of  ten  to 
fifteen  degrees  at  the  centre,  water  could  be  drained  from  the  drip 
valve  Y.  It  was  the  great  difficulty  of  estimating  the  correct 
def>"ree  of  superheating  of  the  entering  steam,  that  led  to  the  tests 
to  determine  the  coefficients  given  above. 

At  first  it  was  thought  that  a  portion  of  the  discrepancy  found 
in  the  tests  with  the  small  calorimeter  might  be  due  to  the  cooling 
effect  of  the  low-pressure  steam  which  came  in  contact  with  one 
side  of  the  valve  M,  and  which  might  tend  to  cool  the  main  pipe 
into  which  the  calorimeter  was  inserted  at  Z.  Such,  however,  was 
not  the  case,  as  a  thermometer  placed  in  a  short  Avell  in  the  pipe 
directlv  over  the  calorimeter  nozzle  o^ave  the  same  indications  as  a 
thermometer  placed  at  //.  The  fact  that  the  results  given  by  the 
small  calorimeter,  and  by  the  temperature  in  the  twelve-inch  drum, 
tend  to  approach  each  other  for  dry  steam,  also  shows  that  the 
pipe  into  which  the  calorimeter  nozzle  was  inserted  could  not  have 
cooled  to  any  great  extent.  Again,  in  the  tests  at  low  velocities 
of  steam  the  readings  given  by  the  small  calorimeter  were  less 
than  should  have  been,  which  is  in  the  reverse  direction  to  the 
action  that  should  take  place  if  the  pipe  was  cooled  by  conduction 
of  heat  to  the  valve  31. 

As  I  have  been  requested  to  present  my  methods  in  greater 
detail  the  appendix  has  been  added  to  the  paper  since  the  meet- 
in  or,  showinf>-  how  the  above  coefficients  were  calculated,  together 
with  the  data  and  calculations  for  one  of  the  tests. 
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DCXXIX.* 

OiV   THE  THEORY  OF  THE  MOMENT   OF  INERTIA, 

BY  C.  V.  KERR,  FAYETTEVILLE,  ARK. 

(Member  of  the  Societj'.)  ^ 

It  may  be  wondered  what  can  be  said  on  this  topic  which 
shall  be  new  or  worth  while.  But  a  well-known  writer  on  ap- 
plied mechanics  has  this  to  say  in  formulating  a  definition  of 
force :  "  Nevertheless,  it  is  a  fact  in  mechanics,  as  well  as  in 
those  sciences  which  attempt  to  deal  with  the  facts  and  laws  of 
nature,  that  correct  definitions  are  only  gradually  developed, 
and  that,  starting  with  very  imperfect  and  often  erroneous  views 
of  natural  laws  and  phenomena,  it  is  only  after  these  errors  have 
been  ascertained  and  corrected  by  a  long  range  of  observation 
and  experiment,  and  an  increased  range  of  knowledge  has  been 
acquired,  that  exactness  and  perspicuity  can  be  obtained  in  the 
definitions."  Again,  another  said  in  substance  some  years  ago, 
to  a  class  of  engineering  students  :  "  I  give  my  students  six 
months  to  understand  the  moment  of  inertia  ;  but  if  the  meaning 
is  not  grasped  in  that  time  the  case  is  hopeless."  These  two 
statements  exhibit  the  reason  and  the  motive  for  this  paper. 

It  seems  that  Christian  Huygens,  the  Dutch  natural  philos- 
opher (1629-1695),  first  isolated  the  expression,  2mr'^,  in  effect- 
ing a  solution  of  the  problem  of  determining  the  centre  of  oscil- 
lation of  a  compound  pendulum.  He  employed  it,  however, 
without  any  particular  designation,  and  it  remained  for  Euler, 
the  Swiss  mathematician  (1707-1783),  to  christen  it  "  moment 
of  inertia."  It  thus  originated  and  was  used  purely  as  a  mathe- 
matical expression  ;  but  the  necessity  does  not  arise  for  tracing 
its  course  through  the  writings  of  these  and  other  founders  of 
the  science  of  mechanics.  The  present  understanding  of  the 
term  will  be  shown  by  quoting  the  definitions  as  given  by  the 
abler  recent  writers  on  mechanics  : 

*  Presented  at  the  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Meclianical  Engineers,  and  formlug  part  of  Volume  XVI.  of  the  Trans- 
actions. 
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"W'eisbach. — The  force  of  and  the  energy  stored  by  a  body 
in  rotation  depends  principally  upon  the  sum  of  the  products 
miVi'  +  m^/v  +  msr-i-  -f-  ....  of  the  different  elements  in-,  iti:,  etc.,  of 
the  mass,  and  of  the  squares  of  the  distances  rj,  n,  etc.,  from 
the  axis  of  revolution.  This  sum  is  called  the  moment  of  inertia ^ 
and  we  will  hereafter  denote  it  by  mir  or  iv. 

Eankine. — The  moment  of  inertia  of  an  indefinitely  small  body, 
or  "  physical  point,"  relatively  to  a  given  axis,  is  the  product  of 
the  mass  of  the  body,  or  of  some  quantity  proportional  to  the 
mass,  such  as  the  weight,  into  the  square  of  its  perpendicular 
distance  from  the  axis.  The  moment  of  inertia  of  a  system  of 
physical  points,  relatively  to  a  given  axis,  is  the  sum  of  the 
moments  of  inertia  of  the  several  points,  that  is,  J=  2mr\ 

Wood. — The  moment  of  inertia  of  a  body  is  the  sum  of  the 
products  obtained  by  multiplying  each  element  of  the  body  by 
the  square  of  its  distance  from  an  axis. 

Lanza. — The  moment  of  inertia  of  a  body  about  a  given  axis  is 
the  limit  of  the  sum  of  the  products  of  the  weight  of  each  of  the 
elementary  particles  that  make  up  the  body,  by  the  squares  of 
their  distances  from  the  given  axis. 

Church. — This  summation /^-c/i^  of  the  products  arising  from 
multiplying  each  elementary  area  of  the  figure  by  the  square 
of  its  distance  from  an  axis  is  called  the  moment  of  inertia  of  the 
plane  figure  with  respect  to  the  axis  in  question ;  its  symbol  will 
be/. 

The  original  conception  of  the  term,  moment  of  inertia,  has 
apparently  come  down  to  us  without  material  change.  There 
is  evidence,  however,  of  dissatisfaction  among  the  writers  above 
as  to  the  fitness  of  the  term ;  thus,  "  it  appears  that  some  other 
term  might  be  more  appropriate,"  and  again,  "  for  want  of  a 
better  the  name  is  still  retained."  And  yet  it  seems  possible  to 
invest  the  term  with  a  meaning — not  foreign,  but  native.  To  do 
this  it  will  be  necessary  to  begin  by  considering  briefly  the  ideas 
conveyed  by  some  of  the  fundamental  terms. 

Proceeding  from  the  standpoint  of  the  physicist,  we  may 
define  mass  as  tlie  absolute  measure  of  quantity  of  matter,  as 
opposed  to  tceif/hf,  which  merely  measures  the  local  attraction 
of  gravity.  The  international  unit  of  mass  is  the  kilogram, 
wliicli  is  the  mass  of  a  certain  cylinder  of  platiniridium  intended 
to  represent  tlie  mass  of  a  thousand  cubic  centimeters  of  water  at 
its  temperature  of  maximum  density,  3.93  degrees  C.     There  is 
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also  tlie  British  imperial  pound,  the  mass  of  a  certain  platinum 
weight  intended  to  be  so  constructed  as  to  equal  7,000  Troy 
grains.  Two  units  of  Ungtli  are  chiefly  in  use,  the  international 
meter,  which  is  the  distance  at  the  melting-point  of  ice  between 
the  centres  of  two  lines  engraved  upon  the  polished  surface 
of  a  platiniridium  bar,  supposed  to  represent  the  TTr,U(jo.Foo"  ^f 
a  quadrant  of  a  terrestrial  meridian  ;  and  the  British  imperial 
yard,  which  is  the  distance  at  62  degrees  Fahr.  between  the 
centres  of  two  lines  engraved  on  gold  plugs  inserted  in  a  bronze 
bar.  The  universal  unit  of  time,  which  also  need  not  be  defined, 
is  the  second,  the  s^.io^u  part  of  the  mean  solar  day. 

Before  going  farther  it  should  be  observed  that  these  standards 
are,  in  fact,  arbitrary,  simply  prototypes.  Thus,  if  an  attempt 
were  made  to  reproduce  the  meter  by  measurement  of  tlie 
meridian,  the  result,  in  all  probability,  would  be  a  standard 
differing  slightly  in  length  from  the  present  meter,  for  it  is 
known  not  to  represent  correctly  the  assumed  natural  standard. 
However,  any  one  of  them,  so  far  as  we  know,  may  serve  any- 
where in  the  universe  as  an  absolute  standard  of  measurement. 
The  standard  pound,  although  changing  in  weight  from  equator 
to  pole,  or  from  planet  to  planet,  if  weighed  by  the  spring 
balance,  is  nevertheless  a  definite  quantity  of  matter,  which  will 
in  the  lever  balance  equilibrate  an  equal  amount  of  any  other 
form  of  matter  anywhere. 

Suppose,  for  the  sake  of  uniformity  of  units  in  mechanics,  that 
we  adopt  the  so-called  absolute  method  of  measurement,  as 
opposed  to  the  gravitational^  which  depends  upon  a  varying 
attraction.  In  a  question  of  measurement  it  will  be  safe  to 
follow  the  lead  of  the  physicists. 

To  resume  the  concepts  in  mechanics,  inertia  is  the  property 
of  matter  enabling  it  to  resist  a  tendency  to  change  its  condi- 
tion of  rest  or  motion.  Force  is  "  an  action  between  two  bodies, 
either  causing  or  tending  to  cause  change  in  their  relative  rest 
or  motion."  It  may  be  expressed  as  a  pull  or  push  in  pounds. 
Since  we  cannot  measure  a  force  directly,  it  is  necessary  to 
measure  it  by  its  effects.  Let  the  unit  be  that  force  which,  act- 
ing for  one  second  on  the  unit  of  mass,  the  standard  pound, 
imparts  to  it  a  velocity  of  one  foot  per  second.  In  illustration 
of  the  magnitude  of  this  unit,  the  attraction  of  gravity  would  in 
the  same  time  impart  to  the  unit  of  mass  a  velocity  of  g  feet  per 
second.     It  must,  therefore,  equal  g  units  of  force,  and  hence 
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this  unit  is  equivalent  to  the  pressure  or  pull  of  -  pounds,  or 
one  half  ounce  nearly.  The  unit  thus  defined  corresponds  to 
the  dyne  of  the  metric  system,  "  which,  acting  for  a  second  on  a 
gram,  generates  a  velocity  of  a  centimeter  per  second."  Both 
of  these  units  make  mass^  not  force,  the  arbitrary  variable. 
That  is  appropriate,  since  force  seems  not  to  exist  apart  from 
the  medium  of  matter. 

Again,  to  impart  unit  velocity  to  w  pounds  will  require  a  pull 
of  ^^  =  m  units  of  force.  Jfass,  therefore,  in  the  dynamic  sense, 
is  a  measure  of  the  pull  or  push  in  pounds  required  to  impart 
unit  velocity  in  one  second  to  a  body  of  tv  pounds.  Further,  to 
impart  to  this  bo^y  a  velocity  of  v  feet  per  second  would  require 
a  pull  or  push  of  --v  =  rav  pounds.  Momentum^  then,  is  a 
measure  of  the  force  required  to  impart  to  lo  pounds  a  velocity 
of  V  feet  per  second  in  unit  time. 

Force,  briefly,  is  an  action  between  two  bodies,  and  inertia  is 
a  resistance  to  change.  A  moving  body  imparting  motion  to  a 
body  at  rest  plays  the  part  of  an  acting  force,  while  the  inertia 
acts  as  a  resisting  force.  Momentum  and  inertia,  then,  are  as 
action  to  reaction,  and  mutually  convertible.  Moreover,  inertia 
is  not  a  fixed  quantity,  but  varies  with  the  acting  force. 

Again,  a  moving  body  coming  to  rest  under  the  action  of  a 

constant  force  passes  over  a  space  equal  to  one-half  its  initial 

velocity.     Then  the  work  done  on  it  by  the  retarding  force  ~ 

force  X  apace  =  mv  x  iv  =  ^ mv^,  the  expression  for  the  Icinetic 

energy  of  the  moving  body  measured  in  foot-pounds. 


oh ' 


Fig.  150. 


The  moment  of  a  force,  P,  acting  as  in  Fig.  150,  at  the  end  of 
a  lever  arm,  r,  is  measured  by  the  product,  Pr,  and  it  may  be 
replaced  V)y  a  force,  P  =  Pr  =  mv-r,  at  unit  distance  from  the 
centre  or  fulcrum,  o.  And  according  as  the  unit  selected  is  an 
inch  or  a  foot,  the  value  of  P  will  be  expressed  as  inch-pounds  or 
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foot'jyound^.  Now  the  work  which  the  force  P  will  do  is  deter- 
mined by  the  space  over  which  it  passes  while  overcoming 
resistance  ;  and  likewise  the  work  which  the  moving  body  w  will 
do  in  coming  to  rest  in  one  second  will  be  mV'\v  =  mc<Dr'\  odt 
=  ^moD^r^.  Or,  since  the  acting  force,  momentum,  is  equal  to 
the  resisting  force,  inertia,  we  may  say  that  the  moment  of  inertia 
of  the  body,  w,  is  equivalent  to  a  force,  my,  acting  at  a  given 
distance,  ?%  from  a  centre,  o.  The  attention  should  here  be 
called  to  the  fact  that  oo  and  v  are  considered  to  be  imparted  or 
destroyed  in  one  second. 

K 


Fig.  151. 

The  centre  of  gravity  of  such  a  body,  as  shown  in  Fig.  151,  is 
the  point  at  which  we  may  place  a  force  equal  to  its  weight,  and 
equilibrate  the  moments  about  o  of  the  weights  of  all  the 
particles  composing  the  body.  If  we  let  G  be  the  distance  from 
the  axis  o  to  the  centre  of  gravity,  the  expression  for  its  value 
will  be 


G  = 


dm-x 


dm 


(j)  {x)  r/a 


m 


(j)  {x)  dx 


in  all  cases  where  the  magnitude  of  the  differential  element  is  a 
function  of  the  distance  from  the  axis,  or  origin  of  moments. 

If  we  consider  the  forces  due  to  accelerating  the  differential 
elements  to  an  angular  velocity,  ooy  each  of  which  is 

dj)  =  dm '  V  —  dm  •  ci:.r, 

there  will  be  found  in  this   case  a  point   of   application   of  a 
force,  P  —  fdm-v^  which  will  equilibrate  the  moments  of  inertia 
of  all  the  differential  elements.     Assuming  the  forces  producing 
81 
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acceleration  to  act  normally  to  a  radius,  the  total  accelerating 
force  will  be 

P  =     fhi'V  =     dm-  GDX  =  GO    <f>  (x)  dx-x, 
"u-here  the  differential  element  is  a  function  of  the  radius,  x.     If 


we  multiply  the  equation  G 


of  fractions,  we  shall  have 


(!){x)dx'X 


(f)  (x)  dx 


by  00,  and  then  clear 


ooG 


n 


(p  (x)  dx  =  GO    ^  (x)  dx-x  =  P, 


By  comparing  the  first  and  third  members  of  this  equation 
we  see  that  the  total  accelerating  force  is  equal  to  the  mass  x  velocity 
of  centre  of  graviti/y  or,  in  general, 

P  =  mooG  =  mVg_ 

The  moment  of  each  differential  force  will  be 

dl  —  d'p'X—  dmoDX-  =  oocf)  (x)  dx  •  a:^. 


and 


/  = 


dp 


fi 


—    GO 


(j)  (x)  dx  •  X'  =  total  moment  of  inertia. 


The  point  of  application  of  the  resultant  or  equilibrating  force 
will  be 


dm '  r^x^      GO 


(/>  (x)  dx  •  x? 


dm '  GDx       GO 


(j)  (x)  dx '  x 


distance  from  axis  to  centre  of  percussion.  Or,  putting  the  last 
equation  in  another  form,  in  which  /  =  P-/,  we  see  that  the 
raornjerd  of  irven^tia  of  a  body  is  measured  by  the  product  of  a 
force  equal  to  the  sum  of  all  the  accelerating  forces  by  the 
ndius  of  (jyratior),  or  distance  from  the  axis  to  the  resultant  of 
the  accelerating  forces  ;  and  that,  consequently,  the  moment  of 
inertia  may  be  expressed  as  other  moments,  in  equivalent  foot 
or  inch  pounds.  Furtlior,  if  at  the  distance  J  from  the  axis  a 
force  P  be  placed,  it  will  accelerate  the  body  in  the  same  way  as 
the  existing  forces.  And  if  the  body  be  conceived  as  replaced 
by  the  accelerating  forces,  the  moment  of  inertia,  7,  will  repre- 
sent a  force  wliich,  placed  at  unit  distance  from  the  axis,  will 
produce  the  same  turning  effort  as  the  existing  forces. 
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If  more  than  one  body  revolve  about  the  same  axis,  the  total 

accelerating  force  will  he  Pr  =  Fi  +  P2  +  .     .     .     .     F„,  and 

the  total  moment  of  inertia  Ij.  =  I^  +  L  +  .     .     .     /„.     Hence, 

1        '21 
Jr  =  -^  -■  -yp'     Proceeding  in  this  way  we  may  also  show  that 

the  moment  of  inertia  about  parallel  axes,  one  of  which  is  a 
gravity  axis,  will  be 

/„  =  /^  +  oomcl?  ■—  mooGJ  +  rnocd-  =  00m  (GJ  +  cP), 

in  which  Ig  is  about  the  gravity  axis  and  d  is  the  distance 
between  axes  ;  and  that  the  so-called  polar  moment  of  inertia 
is  Ip  =  I^  +  ly,  as  usual. 

Since  /  =  PJ,  it  follows  that  the  work  done  on  the  body  in 
creating  an  angular  velocity,  &?,  is  =  force  x  space  =  P-^  Vj  -■ 
mojQ'^  00 J  =  J  GD-moDGJ—  J  00 1.  Hence,  if  ^  =  kinetic  energy, 
we  shall  have  for  any  rotating  body 

U=iGoL 

It  will  probably  be  sufficient  to  show  the  application  of  the 
foregoing  principles  to  select  two  cases  which  may  be  consid- 
ered typical  of  the  usual  problems  in  moment  of  inertia.   Assume, 


3 

s 


o<r^ 


CJ 


■x — H 


'% 


l! 


-A 


-L- 


-] 


Fig.  152. 


as  indicated  in  Fig.  152,  a  thin  rectangle  rotating  about  an  axis, 
0,  at  one  end.  Let  b  =  width,  t  =  thickness,  and  6  =  mass  per 
unit  volume.     Then, 


P 
2  = 


=  f 

Jo 


drri'V  =  Shtoo 


n 


xdx  =^  ^  SUojJr  :=  mv, 


(/» 


\dp-x  =  Shtoo     xxlx  =  ^  dhtooff 


and 
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It  will  be  seen  tliat  as  the  differential  accelerating  force, 
dm-v  =  dfn-a^x^  varies  directly  as  the  distance  from  the  axis,  the 
value  found  for  J  puts  it  at  the  centre  of  gravity  of  the  acceler- 
atino-  forces.  It  is,  also,  the  ceiitre  of  percussion  for  the  body 
assumed.  It  may  be  of  interest  here,  also,  to  point  out  the  fact 
that  ./  is  independent  of  the  velocity  of  rotation ;  and,  further, 
to  compare  the  usual  expression  for  moment  of  inertia  with 
that  proposed,  that  is, 


/=  mooGJ  =  mk\  from  which  h  =  ^ ooGJ. 


If  we  make  c£>  =  1,  then  ^  =  V  GJ^  in  other  words,  for  an  angu- 
lar velocity  of  unity  the  so-called  radius  of  gyration.  A',  is  a  mean 
proportional  between  the  centres  of  gravity  and  percussion. 
The  value,  /j,  is  sometimes  said  to  be  the  distance  from  the  axis 
to  the  point  at  which,  if  all  the  mass  were  concentrated,  the  mo- 
ment of  inertia  would  be  the  same.  That  is  true  here  for  cy  =  1. 
But  suppose  we  assume  values  of  od  first  greater,  then  less,  than 
unity.     We  shall  have 


=  V  GJ,  for  GO 

=  1 

=  2vGJ,  for  a7 

=  4 

=  lOVGJ^ioY  GO 

=  100 

=  00 ,  for  oo 

=    X) 

=  iVGJj0Y  GO 

—  1 

—  \ 

=  ^^^/  GJy  for  03 

—    100 

=  0,  for  00 

=  0. 

It  would  seem  from  this  that  angular  velocity  is  not  negligible 
in  determining  the  moment  of  inertia.  However,  if  we  wish  to 
find  the  distance  from  the  axis  at  which  to  place  the  mass  m  for 
an  equivalent  moment,  we  may  put 

mv-r  =  moor^  =  mooGJ  =  /, 


from  which  r  --  v  GJ.      This  will  always  hold  true  for  equal 
masses  and  velocities. 

If  we  resume  here  the  expression  for  kinetic  energy  of  the 
rotating  body,  we  find 


E=  I  ool  =  ^mooG-oDj=:  ^rnoo'^¥  =  ^mv 


ki 
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in  which  k  is  a  mean  proportional  between  the  centres  of  gravity 
and  percussion,  and  Vj,  is  the  velocity  of  a  point  at  the  distance 
k  from  the  axis.  The  difference  between  the  moment  of  inertia 
of  a  rotating  body  and  its  kinetic  energy  should  now  be  evident. 
For  the  second  case,  assume  a  thin,  circular  plate  of  radius 
R,  and  thickness  t,  to  revolve  about  its  axis,  o^  as  indicated  in 
Fig.  153.     Then  we  shall  have 


dp  =  drri'V  =  dtxdxdd  -  Gi:x, 


and 


F 


dm-v  =  St  00 


'2n-  p' 
O    J  0 


dd-x-dx  -—  IdtGDTtr^  —  mVg. 


1  = 


dp-x  =  StGD  dO'X^dx  =  4  dtaoTrrK 


Then,        J=^=iB. 


df 


Fig.  153. 


The  value  of  J"  found  in  this  case  recalls  the  statement  that 
"  no  centre  of  percussion  exists  when  the  axis  traverses  the 
centre  of  gravity  of  the  body."  The  apparent  contradiction  may 
be  explained  by  substituting  for  the  single  force  P,  in  Fig.  151, 
the  couple  FF'  in  Fig.  153.  In  neither  case  will  there  be  a 
shock  on  the  axis,  which  is  the  essential  feature  of  the  centre 
of  percussion. 

It  is  customary  to  employ  the  expression  for  the  moment  of 
inertia  in  all  cases  where  the  term  mk'^  occurs.  The  foregoing 
analysis  is  intended  to  shoAv  its  meaning  and  limitations  where 
mass  and  velocity  are  concerned.  But  there  is  a  large  class  of 
computations  of  the  highest  importance  in  which  the  moment 
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of  inertia  is  employed,  altliougli  mass  and  velocity  do  not  enter 
in  any  form.  If  a  horizontal  beam  resting  on  end  supports  be 
loaded  centrally,  uniformly  or  in  any  other  manner,  the  load  will 
be  supported  by  stresses  in  tension  and  compression  set  up  in 
the  material  of  the  beam.  These  stresses  are  assumed  to  vary 
directly  as  the  distance  from  what  is  known  as  the  neutral  axis, 
and  within  the  elastic  limit  this  is  probably  true.  If  we  let  s  be 
the  stress  in  the  outer  fibres  of  a  beam,  as  in  Fig.  154,  then  at 
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Fig.  154. 


the  distance  x  from  the  axis  od  the  stress  per  square  inch  will  be 
^—  ■     The  load  supported  by  an  element  at  distance  x  from  the 


a 


axis  will  be 


dF  =  —  xdxdyy 


2.9  r? 


and  F  =  —y    xdxdy  =  j  sha  =  stress  on  each  side  of  axis,  or 

one-half  the  total  stress  in  the  beam.  And  since  there  is  an 
equal  and  opposite  stress  set  up  at  an  equal  distance,  x.  beyond 
the  axis,  we  shall  have  as  the  moment  of  the  couple  dF,  dF', 


4:8 

dR  =  dF-  2x  =  —  •  xdxdy. 


4.9  f^  f* 
and     7?  =  -    h      x^dx-dy  =  I  sha^  =  total  moment  of  resistance. 
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Now,  the  total  stress  on  either  side  of  the  axis  may  be  replaced 
by  the  resultant  forces  forming  the  couple  FF',  whose  arm  may 
be  found  by  dividing  the  total  moment  by  the  total  stress  on 
one  side  of  the  axis,  that  is, 

F~  \sha  '^""^ 

which  puts  the  points  of  application  of  the  resultant  forces 
at  two-thirds  the  distance  from  the  axis  to  either  side  for  this 
particular  case.  A  comparison  of  this  result  with  the  moment 
of  inertia  for  a  thin  rectangle  about  a  gravity  axis  will  show 
that  stress  replaces  mass  and  velocity  ;  and  also  that  the  centre 
of  stress,  S,  coincides  with  the  centre  of  percussion,  J,  In  gen- 
eral, 

dF  _     s     __        stress  in  outer  fibres 
dP      dooa  ~~  momentum  of  outer  masses' 

^       fdF-x       ,   -r       fdP-x 
jdF  '  JdF 

From  which  it  appears  that  both  Sand  r/are  located  at  the 
centres  of  gravity  of  stresses  or  accelerating  forces  ;  and,  since 
these  stresses  and  forces  are  assumed  to  vary  directly  as  the 
distance  from  the  axis,  these  centres  of  gravity  must  coincide, 
that  is,  S  and  J  are  equal  for  like  conditions. 

The  fundamental  difference  between  these  two  moments  thus 
appears  to  be  that  I  depends  upon  mass  and  velocity^  lohile  Ft  de- 
pends upon  stress  cdone,  produced  hy  forces  directly  applied  and  not 
producing  motion. 

A  probably  correct  idea  of  the  use  actually  made  of  the  mo- 
ment of  inertia,  /=  mh^,  may  be  obtained  from  works  on  applied 
mechanics,  which  are,  of  course,  intended  for  the  use  of  engineers. 
Thus,  Professors  Lanza  and  Church  offer,  as  a  general  form  of 
the  moment  of  flexurCy 

e        y 

in  which  p  is  the  stress  in  the  extreme  fibres  and  e  the  distance 
from  neutral  axis  to  those  fibres.     Now,  if  we  make  —  —  1^  that 
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is,  if  the  stress  one  inch  from  the  neutral  axis  is  one  pound  per 
square  inch,  then  we  shall  have  M  =  I  =  m¥,  or  the  moment  of 
Hexure  will  be  numerically  equal  to  the  moment  of  inertia.  The 
latter  moment  holds  true,  it  will  be  remembered,  when  the 
velocity  of  a  point  at  one  foot  from  the  axis  is  one  foot  per 
second. 

Again,  Professors  Reuleaux  and  Unwin  give,  in  their  section 
tables  for  various  forms  of  beams,  besides  the  usual  values  for  /, 
values  for  a  "  section  modulus,"  which  in  general  form  is 

e       y 

where  ?/  =  6  is  the  distance  from  neutral  axis  to  the  extreme  fibre. 
This  differs  from  the  general  form  of  the  moment  of  flexure  by 
making  the  stress,  /',  equal  to  unity  in  the  extreme  fibre  instead 
of  at  one  inch  from  the  axis.  Thus,  in  the  case  of  a  rectangular 
beam,  the  section  modulus  is 

e 

which  is  equal  to  the  moment  of  resistance,  7?,  found  above  with 
s,  the  stress  in  extreme  fibre,  equal  to  unity. 

And  in  a  Pocket  Companion,  issued  by  Carnegie,  Phipps 
k  Co.,  as  edited  by  C.  L.  Strobel,  C.  E.,  for  the  use  of  engi- 
neers, architects,  and  builders,  we  find  the  expression  for  the 
moment  of  resistance 

E  =  l, 
n 

where  the  quantities  have  the  same  meaning  as  in  the  section 
modulus  above. 

There  may  be  a  fancied  convenience  in  using  the  moment  of 
inertia  indifferently  for  cases  involving  momentum  alone  or  for 
stress  alone,  but  it  is  not  evident,  and  it  certainly  does  not  lessen 
the  laVjor  of  tliose  whose  business  is  to  teach  the  true  meaning 
and  correct  application  of  these  principles.  The  moment  of 
inertia  applies  to  solid  bodies  revolving  with  a  known  velocity 
about  an  axis  wliich  in  practice  is  fixed  mechanically,  while  the 
moment  of  resistance  applies  to  plane  sections  of  beams  support- 
ing a  load.     The  incongruity  of  applying  the  moment  of  inertia 
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to  the  case,  for  instance,  of  the  top  chord  of  a  truss  bridge,  ^here 
velocity  is  certainly  not  desired,  will  be  seen  at  once  Even  in 
tabulating  values  of  /  and  R  it  would  probably  be  found  equally 
convenient  to  list  each  value  complete  in  itself,  the  I's  with  the 
factor  of  velocity  and  the  E's  with  the  factor  of  stress.  Since 
the  distance  from  the  axis  to  the  centre  of  percussion  is  found 
to  be  the  same  as  the  distance  to  the  centre  of  stress,  the 
expressions  for  aS'  and  «/ would  coincide  in  form.  The  question 
will  not  be  followed  in  all  its  ramifications,  as  enough  has  now 
been  developed  to  show  the  main  points  at  issue. 

It  may  be  useful  by  way  of  illustration  to  apply  these  princi- 
ples, in  so  far  as  they  contain  new  features,  to  familiar  subjects. 
Take  first  the  case  of  the  connecting-rod  for  an  8  by  24  Corliss 
engine,  running  at  102  revolutions  per  minute,  or  1.7  revolutions 
per  second.  The  weight  of  the  rod  is  71  pounds,  and  its  mass  is 
2.2.  The  length  between  centres  is  six  feet,  and,  being  symmetri- 
cal, its  centre  of  gravity  is  three  feet  from  centre  of  w^rist-pin,  or 
(7  =  3  feet.  Now,  to  find  J  we  may  use  the  fact  that  the  centres 
of  percussion  and  oscillation  coincide,  and  further,  that  the  length 
of  a  simple  pendulum  vibrating  in  the  same  time  as  a  given  com- 
pound pendulum  is  determined  by  the  formula 


t=.7r  a/L^  or  ?  =  ^=3.26fl 


Then,  by  making  J—  I,  we  have  at  once 

J^  8.26 1^-. 

The  time  of  the  rod  for  200  vibrations,  when  swinging  about  a 
knife  edge  at  the  centre  of  wrist-pin,  is  3  minutes  48  seconds,  or 
t  =  1.14  seconds.     Hence 

/=3.26  X  1.14- =  4.24  feet. 

The  linear  velocity  of  the  crank-pin  for  this  case  will  be 
=  2  7rn  =  2  X  3.1416  x  1.7  =  10.68  feet  per  second.  Then  the 
angular  velocity  of  the  rod  about  the  wrist-pin  will  be  10.63  -t-  6 
=  1.7S  feet  per  second.     Hence  we  shall  have 

P  =  JfooG  =  2.2  X  1.78  X  3  =  11.75  pounds. 
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Also,  1=  rj=  11.75  X  4.24  =  49.81  pounds, 

at  oDe  foot  from  the  wrist-pin.  Finally  we  shall  have,  for  the 
kinetic  energy, 

E  =:\cjI  =  .89  X  49.81  =  44.33  foot-pounds. 

In  this  way  the  quantities  J,  P,  /,  and  E  may  be  determined  for 
any  revolving  body  for  which  m,  G,  and  t  may  be  found  experi- 
mentally. 

A  second  illustration  may  be  taken  from  the  fly-wheel  of  an 
engine  in  such  a  way  as  to  exhibit  both  the  moments  of  inertia 
and  resistance.  If  the  resultant  momentum  of  hub,  arms,  and 
rim  be  determined,  its  measure  will  be  a  force,  P,  acting  usually 
very  near  the  outer  end  of  the  arm.  Since  the  magnitude  of  this 
force  depends  upon  the  change  in  velocity  of  the  wheel,  it  fol- 
lows that  it  may  vary  from  nothing  for  uniform  rotation  to  some- 
thing enormous  if  the  wheel  were  suddenly  stopped.  Now,  the 
arm  of  the  fly-wheel  is  in  the  condition  of  a  beam  fixed  at  each 
end,  the  support  at  one  end  being  liable  to  displacement  at  right 
angles  to  the  axis  of  the  beam.  Thus,  in  Fig.  155,  the  arm  under 
stress  tends  to  leave  the  original  position  and  form,  and  to  take 
that  indicated  by  the  dotted  lines.  The  inertia  of  the  wheel  sup- 
plies a  force,  P,  acting  at  or  near  the  outer  end  of  the  arm,  which 
is  transmitted  through  the  arm,  to  be  opposed  finally  by  the  tor- 
sion couple  TT'  in  the  shaft. 

Assuming  the  origin  at  6>,  we  shall  have,  for  any  section  at 
distance  x  from  o, 

El'^^Px-m,, (1) 

and  ^-^^f-  =  IP^  -moX  +  (C=  o,  for  x  =  o)    .     .      (2) 

To  determine  m^,,  make  x  =^  I  in  equation  (2),  obtaining 

from   which   mo  —  \PL     Substituting  this   in  equation  (1),  we 
have 

EI%  =  P.-iPl (3) 
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Fig.  155. 


If  we  put  equation  (3)  =  o,  we  obtain  x  =  ^l  as  the  point  in 
the  arm  at  which  there  is  no  bending  moment  and  at  which 
the  curvature  of  the  arm  reverses.  The  greatest  values  of  the 
bending  moment  will  be  obtained  for  x  =  o  and  x  —  ly  for 
which  equation  (3)  becomes 


and 


EI^  =  PI  -  iPl  =  iPl. 


This  result  must  be  interpreted  to  mean  that  m^,  the  moment 

at  the  outer  end  of  the  arm,  is  equal  to  nii,  at  the  inner  end,  but 

opposite.    If  the  outer  end  of  the  arm  were  free,  we  should  have 

cl'i/ 
rrto  —  Oi  and  EI  y^  =  Px  =  PI,  for  x  =  1,  or  double  the  existing 

moment  at  the  inner  end  of  the  arm. 

Opposed  to  the  bending  moment   of   the  force    P,  the  mo- 
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ment  of  inertia  of  the  wheel  is  the  moment  of  resistance  of  the 
arm.  Tlie  most  common  section  of  fly-wheel  arm  is  an  ellipse 
with  the  long  axis  in  the  plane  of  the  arm.  Proceeding  as  with 
Fif^.  154,  we  may  obtain  for  the  moment  of  resistance  of  the 
ellipse  about  the  short  axis 

in  which  s  is  the  stress  in  extreme  fibre,  a  the  semi-major,  and 
h  the  semi-minor  axis.  Equating  the  greatest  bending  moment 
to  the  moment  of  resistance  of  the  arm, 

^Pl  —  \  nsbo?, 

'IPl                      '2PI 
from  which  s  =  -i—y,  or  rrah  = ,  enabling  calculation  to  be 

TTuCL'  SCi  ^ 

made  for  stress  at  the  weakest  section,  or  of  the  necessary  area 
of  arm  for  any  given  conditions.  The  points  at  which  an  arm 
would  break  under  sudden  stoppage  of  the  wheel  would  be  the 
forward  side  at  the  rim,  and  the  after  side  at  the  hub.  The 
stresses  thus  produced  may  be  illustrated  by  a  homely  experi- 
ment familiar  to  farmers.  Grasp  a  long,  slender  corncob  firmly 
at  each  end.  The  cob  will  break  in  three  pieces  if  one  hand  is 
moved  at  right  angles  to  the  cob  while  the  parts  within  the 
hands  remain  parallel.  And  the  fractures  will  begin  on  op- 
posite sides  of  the  cob,  near  the  hands. 

Now  it  so  happens  that  among  the  numerous  fly-wheel  acci- 
dents reported  in  engineering  periodicals  during  the  last  two  or 
three  years  is  one  which  took  place  under  the  condition  of  sud- 
den stoppage  assumed  in  the  foregoing  analysis.  This  accident 
occurred  at  the  works  of  the  American  Straw  Board  Company, 
of  Tiffin,  Ohio,  during  the  past  winter.  The  engine  was  a  24  by 
42  Harris-Corliss,  running  a  nine-ton  fly-wheel  at  72  revolutions 
per  minute.  While  running  at  normal  speed  the  follower  plate 
of  the  piston  broke  in  two,  one  half  turning  sidewise  in  the 
cylinder  and  stopping  the  piston  short  at  about  twelve  inches 
from  the  end  of  the  stroke.  The  fly-wheel  collapsed  ;  every  arm 
ivds  broken  off  dose  to  the  hub  and  close  to  the  rim.  Further,  the 
wliolc  wreck  fell  into  the  wheel-pit,  with  the  exception  of  one 
of  the  four  pieces  into  which  the  rim  parted,  showing  that  cen- 
trifugal force  had  little  to  do  with  the  failure  of  the  wheel.  The 
cvlinder  and  valve-gear  were  uninjured,  and  there  was  no  loss 
of  life. 
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The  notion  of  treating  the  subject  in  this  manner  was  pro- 
voked by  the  remark  quoted  in  the  opening  paragraph,  which 
indirectly  expressed  the  difficulty  of  imparting  to  students  a 
clear  understanding  of  this  difficult  question.  The  development 
has  been  guided  more  or  less  by  accepted  ideas  and  forms. 
The  effort  has  been  made,  and  with  some  success,  to  invest  that 
''  barren  ideality,"  the  moment  of  inertia,  with  a  distinct  and 
physical  meaning,  so  that  it  may  be  kept  where  it  belongs. 
Experience  as  a  student  and  as  a  teacher  in  engineering  leads 
to  the  conviction  that  the  method  thus  outlined  will  enable 
the  student  to  comprehend  and  the  engineer  to  employ  with 
greater  facility  the  inertia  of  matter  and  the  phenomena  de- 
pending upon  it.  Provided  no  flaw  in  theory  is  found,  these 
moments  of  inertia  and  of  resistance,  each  with  its  own  mean- 
ing and  application,  should  win  their  way  into  common  use. 

DISCUSSION. 

Prof.  F.  R.  Ilutton. — Mr.  A.  K.  Mansfield,  member  of  this 
Society,  has  called  the  speaker's  attention  to  a  short  paper  of  his, 
written  in  1875,  and  published  on  page  161  of  Yolume  LXX.  of 
The  Journal  of  the  Franklin  Institute.^  in  the  issue  of  September 
of  that  year. 

Mr.  Mansfield  states  that  so  far  as  he  knows  this  was  the  first 
correct  solution  of  the  strains  in  the  arms  of  a  fly-wheel  under 
the  conditions  assumed,  and  the  references  in  the  last  part  of  Mr. 
Kerr's  paper  have  induced  him  to  call  the  attention  of  those 
interested  to  this  early  study  of  the  subject. 

In  my  opinion,  to  quote  from  discussion  held  while  this  paper 
was  under  consideration,  it  is  not  true,  as  is  stated  on  the  4th  page 
of  the  paper,  on  the  19th  line,  that  momentum  and  inertia,  in  the 
usually  accepted  senses,  are  mutually  convertible,  except  in  the 
special  case  where  certain  values  attach  to  each.  It  is  calculated 
to  mislead  when  inertia,  in  the  same  paragraph,  is  stated  not  to  be 
a  fixed  quantity.  It  is  fixed  for  a  given  mass  and  a  given  velocity, 
and  while  the  intensity  of  an  impulse  is  measured  both  by  the 
mass  and  the  velocity,  this  is  true  only  of  an  impulse,  and  not  for 
a  force  acting  through  any  measurable  time. 

Furthermore,  it  would  appear  that  the  term  "  moment  of 
inertia  "  has  been  used  as  synonymous  with  the  expression  "  the 
moment  of  the  inertia,"  to  which  it  can  only  be  equal,  as  before, 
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under  certain  special  assumptions.  The  statement  criticised 
appears  at  the  top  of  the  Tth  page  of  the  paper. 

Pvof.  De  Yolson  Wood. — I  think  the  definition  given  by  the 
author  on  the  6th,  8th,  and  9th  pages  of  his  paper,  is  not  the 
recognized  moment  of  inertia.  On  the  top  of  his  6th  page  he 
has  written  dj)  =  dmv^  in  which  he  uses  v  not  as  acceleration  but 
as  general  velocity.  As  a  result,  he  finds  that  /  depends  upon 
angular  velocity,  when  in  fact  it  does  not. 

If  I  correctly  understand  the  drift  of  this  paper,  its  aim  is  not 
to  substitute  a  new  term  for  an  old  idea,  but  to  give  a  physical 
conception  to  an  old  term.  The  term  originally  referred  to 
"  mass,"  but  by  an  extension  of  the  definition  it  is  made  to 
include  weight,  lines,  surfaces,  and  volumes,  so  that  one  may  now 
with  propriety  speak  of  the  moment  of  inertia  of  a  circle,  of  a 
square,  etc.  Eecognizing  this  fact,  I  made  a  definition  which 
would  include  all  such  as  has  been  quoted  b}^  the  author  among 
his  standard  definitions.  Eankine's  definition  admits  of  the 
same  extension. 

The  expression  is  not  in  the  form  of  a  "  static  moment,"  inas- 
much as  it  involves  the  square  of  an  arm  instead  of  the  first 
power,  and  the  propriety  of  retaining  the  term  "  inertia "  is 
questioned  by  some  ;  but  the  term  "  moment  of  inertia  "  is  in  the 
literature  of  the  science  and  is  likely  to  remain,  so  that  it  is  a 
proper  subject  for  discussion. 

The  expression  arises  in  the  solution  of  certain  problems  involv- 
ing rotation.  If  F  be  the  resultant  of  the  forces  producing  rota- 
tion, and  a  its  arm  in  reference  to  the  axis  of  rotation,  then  it  is 
found  that 

Fa  =  27nr^  -r^ , 

where  6  is  the  variable  angle  described  by  any  arm  7\  The  term 
^mr'  is  not  a  force,  neither  does  it  involve  any  element  of 
force,  neither  is  it  a  mass.  Any  attempt  to  substitute  for  it  any 
magnitude  which  obscures  the  "product  of  an  element  into  the 
square  of  an  arm"  is  liable  to  mislead  ;  and  yet  such  a  magnitude 
may  be  substituted,  and  I  cannot  say  that  it  does  not  satisfy  some 
students  better  than  the  use  of  the  fundamental  expression. 
Thus,  let  J/"  be  a  mass  concentrated  at  distance  unity  from  the 
axis,  and  of  such  magnitude  that 

MP  =  27nr^i 
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then  the  "  moment  of  inertia  "  equals  numerically  a  mass  which, 
if  concentrated  at  a  unit's  distance  from  the  axis,  all  the  circum- 
stances of  rotary  motion  will  be  the  same  as  for  the  distributed 
mass. 

The  numerical  equivalent  is  not  the  thing  itself.  Thus,  to  illus- 
trate, momentum  is  Mv  y  it  is  not  a  force,  nor,  generally,  the  meas- 
ure of  a  force,  for  we  have,  when  the  force  is  constant,  Ft  =  J/v, 
and  if  t  =  1^  then  F  =  Mv  ;  that  is,  if  the  momentum  Mv  be 
produced  by  a  constant  force  acting  for  one  second,  the  momen- 
tum equals,  niiinerically^  the  force  producing  it. 

The  length  of  a  cylinder  may  equal,  numerically^  that  of  a 
pocket  rule,  but  the  cylinder  is  not  a  pocket  rule. 

Prof,  Gaetano  Lanza. — That  moment  of  inertia,  according  to 
the  generally  accepted  definitions,  is  merely  a  name  for  a  mathe- 
matical expression,  is  true,  but  I  fail  to  see  any  good  reason  for 
attempting  to  endow  it  with  a  physical  meaning,  as  Professor  Kerr 
proposes. 

His  principal  argument  seems  to  be  that  such  a  change  would 
result  in  greater  clearness  of  conception  on  the  part  of  the  stu- 
dent ;  but  my  own  experience  as  a  teacher  is  that  the  best  way  to 
make  the  matter  plain  to  the  student  is  to  adhere  strictly  to  the 
definition  which  makes  it  a  purely  mathematical  expression,  and 
to  remove  from  his  mind,  as  quickly  as  possible,  and  as  effectually 
as  possible,  any  desires  he  may  have  to  find  for  it  a  physical 
meaning  (desires  frequently  found  in  the  case  of  beginners). 

Of  course,  there  are  a  great  man}^  physical  quantities,  such  as 
angular  momentum,  actual  energy  of  revolving  bodies,  and  many 
others,  which  require  the  moment  of  inertia  in  their  expression, 
but  this  is  no  reason  for  employing  any  one  of  them  to  furnish 
a  definition  ;  but,  as  it  seems  to  me,  a  good  reason  for  adhering 
to  the  present  custom. 

Prof.  J.  B.  Johnson. — I  am  not  in  sympathy  with  the  object 
of  the  author  of  this  paper  in  trying  to  give  to  the  expression 
'*  moment  of  inertia,"  as  used  in  statics  and  for  surfaces,  a  logical 
significance.  This  term  originated  as  the  name  of  a  common 
mathematical  expression  in  the  laws  of  dynamics.  When  used 
in  statics,  it  has  an  altogether  different  meaning,  and  a  different 
tenn  should  therefore  be  used.  Custom  has  prescribed,  however, 
that  the  same  term  shall  be  used,  and  we  must  make  the  best  of 
it.  Thus,  in  the  sense  in  which  it  is  used  in  dynamics,  any  one 
of  the  five  definitions  given  by  the  author  of  this  paper  would 
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seem  to  be  satisfactory.  Here  the  differential  quantity  is  mass, 
and  the  summation  is  found  for  a  series  of  products,  one  of  which 
is  an  elementary  mass  or  volume,  and  the  other  the  square  of  its> 
distance  from  the  given  axis. 

AVhen  used  in  statics,  however,  we  have  neither  volume  nor 
mass  under  consideration,  but  simply  an  area,  over  which  a 
uniformly  varying  stress  is  supposed  to  act.  In  this  case  the 
'*  moment  of  inertia  "  may  be  defined  as  tJie  moment  of  a  iini- 
f or  mil)  varying  stress  ctboiit  that  axis  at  which  this  stress  is  zero. 
Here  the  differential  quantity  is  an  area,  and  the  summation  is 
found  for  the  products  of  these  elementary  areas  into  the  squares 
of  their  distances  from  the  given  axis.  It  is  quite  evident  that 
while  this  algebraic  expression  is  of  the  same  form  as  that  for  the 
moment  of  inertia  in  dynamics ;  yet  since  in  one  case  the  differen- 
tial quantity  is  either  volume  or  mass,  and  in  the  other  case  it  is 
always  area,  it  is  evident  that  the  sum  of  the  products  is  a  very 
different  kind  of  quantity  in  statics  from  what  it  is  in  dynamics. 
The  reason  why  the  same  term  is  used  is  because  of  the  similarity 
of  the  algebraic  form  of  expression.  It  is  entirely  illogical  and 
unreasonable,  therefore,  to  try  to  give  to  the  term  *'  moment  of 
inertia,"  as  used  in  statics  as  the  moment  of  a  uniformly  varying 
stress,  a  meaning  similar  or  analogous  to  that  which  it  has  in 
dynamics,  where  the  term  inertia  has  some  real  significance. 

I  think  therefore  that  in  teaching  this  subject  the  methods 
commonly  employed  in  the  text-books  in  dynamics  are  satisfactory, 
but  that  when  this  term  comes  to  be  used  in  statics,  and  in 
problems  of  stress  over  a  surface,  the  student  should  be  given  to 
understand  that  the  term  is  used  here  from  a  similarity  of  alge- 
braic form  simply,  and  that  there  is  no  analogy  between  the 
meaning  of  the  expression  "'moment  of  inertia"  as  used  in  statics 
with  that  which  it  has  when  used  in  dynamics.  When  used  in 
statics,  therefore,  the  *' moment  of  inertia"  is  simply  a  term  or 
name  which  has  been  given  to  a  certain  algebraic  form  of  expres- 
sion, and  can  have  no  logical  significance  whatever.  I  believe 
all  attempts  to  give  to  this  expression  a  logical  meaning,  when 
used  in  statics,  lead  onlv  to  confusion,  and  that  it  should  never  be 
attempted.  Let  it  be  understood,  once  for  all,  that  it  has  no 
meaning  in  the  sense  in  which  the  word  inertia  is  used  elsewhere. 
If  this  is  plainly  stated,  to  begin  with,  then  1  do  not  see  why 
any  student  should  find  it  more  difficult  to  call  this  algebraic 
expression  by  that  name  than   he  would  in  calling  it  by  any 
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Other  arbitrary  name,  the  etymology  of  which  he  may  not 
know. 

Frof.  A.  J.  Du  Bois. — I  should  first  criticise  the  author's  use 
of  '•  velocity  "  where  he  should  use  "  acceleration."  Thus,  pao-e 
4S0,  middle  :  ''  to  hnjyart  itnit  velocity  to  "  should  read  "  to  impart 
unit  acceleration  to."  I  should  further  say  "  to  impart  unit 
acceleration  to  w  pounds  Avill  require  a  force  of  w  imits  of  force  ^ 
which  is  the  same  as  the  attraction  of  the  earth  for  a  mass  of  - 
pounds." 

Again  :  "  mass  in  the  dynamic  sense  is  a  measure  of  the  pull  or 
push,  in  pounds,  required  to  impart  unit  velocity  in  one  second  " 
should  read,  "an  increase  of  velocity  of  one  unit  in  one  second^''' 
i.  ^.,  "  to  impart  unit  accelerationr 

Again :  ''  Further,  to  impart  to  this  body  a  velocity  of  v  feet 
per  second  would  require  a  pull  or  push  of  mv  pounds  "  should 
read,  "  a  change  of  velocity  of  v  feet  per  second  in  a  second^''  i.  e., 
an  acceleration  of  say/  feet  per  second  per  second.     In  other  words 

Force  =  mass  x  acceleration 
F  =  wf, 

and  not  F  —  mv^  as  you  take  it  throughout.  Momentum  is  a  meas- 
ure of  force  only  when  v  is  numerically  equal  to  the  acceleration. 
Telocity  is  feet  per  second.  Acceleration  is  feet  per  second  per 
second.     The  two  are  distinct,  and  should  have  different  symbols. 

(2)  Inertia  is  a  property  of  matter,  like  color  or  hardness,  vi2.^ 
the  property  of  inertness,  that  is,  incapacity  of  self-motion.  To 
speak  of  a  "  force  of  inertia,"  or  a  force  of  inertness,  is  as  though 
you  were  to  speak  of  a  force  of  color  or  hardness.  Force  causes 
change  of  motion  (acceleration).  That  which  cannot  cause  change 
of  motion  is  not  a  force.  How  can  inertness  cause  anything? 
'*  Kesisting  force  "  is  simply  one  side  of  the  mutual  action  and 
reaction  between  two  bodies.  The  significance  of  "  moment  of 
inertia  "  lies  in  the  fact  that  Euler  used  "  inertia  "  as  synonymous 
with  force.  But  we  do  not.  Hence  the  term  has  no  longer  the 
significance  intended. 

Again,  page  480 : 

P/-  =  mv-r. 

You   cannot   put   P  =  mv.     You   can   write   P  =  v^ovP=mf. 
Force  is  not  equal  to  mass  x  velocity,  but  mass  x  time  rate  of 
change  of  velocity,  i.  e.,  acceleration. 
32 
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All  these  remarks  hold  for  angular  velocity,  ai,  page  4S2. 
You  cannot  write 


P  =    dm-Gox, 


cj  is  radius  per  second  and  xgo  is  feet  per  second.     You  should 
write 


P  z=      dm- ax  J 


where  a  is  angular  acceleration^  or  radius  per  second  per  second. 

(3)  In  mechanics  /is  always  taken  as  27nr\ 

It  is  a  well-known  principle  that  for  rotation  la  =  moment  of 
P  or  FJ,  where  a  is  angular  acceleration  (not  oo).  Hence,  if  J  is 
lever  arm  of  P,  we  have  la  =  FJ,  Now  vou  write  /=  PJ^ 
that  is,  you  do  not  take  /=  2mr\  but  you  take  I  =  a^mr'^^  or, 
as  you  erroneously  write  it,  oo  instead  of  a.  This  is  the  same  as 
I  =  '2Pr^  since  /'<a' =y,  and  mra  =  mf  =  P.  In  other  words, 
you  implicitly  assume  for  your  I  the  old  value  of  old  I  x  a. 
That  is,  you  express  m  your  definition  of  you?'  /,  the  old  principle 
la  =  PJ^  nothing  more. 

If  I  denote  your  moment  of  inertia  by  ^,  and  old  moment  of 
inertia  bv  7,  then 

i  =  la^ 

that  is  all  I  can  see  to  ^^our  paper. 

Xow,  what  is  gained?  Your  i  can  only  be  determined  by  first 
finding  old  /,  and  then  multiply  bj^  a.  When  3^ou  do  this  you 
have  PJm  loth  cases. 

Of  course,  it  is  self-evident  that  when  a  =  1  radius  per  second 
X>er  second^  your  i  will  be  numerically  equal  to  old  /.  AYhen  a  is 
not  unity,  your  i  is  old  la. 

Mr.  Gus  C.  Ilennhvj. — This  paper  is  avowedly  written  to  clear 
up  any  uncertainty  about  the  correct  definition  and  idea  of  the 
*'  moment  of  inertia." 

As  all  the  definitions  given  clearly  state,  the  "  idea  of  moment 
of  inertia"  relates  purely  to  mass,  and  the  distance  from  an  axis 
to  which  this  mass  is  referred,  but  in  no  case  to  the  "  force  "  or 
"resistance"  with  which  this  mass  acts.  Nor  does  the  element 
of  time  come  into  consideration,  and  much  less  the  "  velocity  per 
second  "  or  per  "  unit  of  time."  The  "  moment  of  inertia  "  is  an 
abstraction  relating  to  static  mass,  never  to  dynamic  forces,  and 


ON  THE  THEORY  OF  THE  MOMENT  OF  INERTIA.      499 

the  formuljB  relating  to  the  former  cannot  and  must  not  be  apphed 
as  relating  to  the  latter.  K"ow,  instead  of  adhering  to  these  defi- 
nitions and  considerations,  the  author  forthwith  drops  these  rela- 
tions of  the  "  moment  of  inertia  "  and  mass  and  distance,  and  pro- 
ceeds to  discuss  "  inertia  "  (page  479),  and  deduces  the  formula  for 
force  which  is  necessary  to  resist  it,  taking  the  case  of  rotary 
motion,  page  480 ;  then,  by  obtaining  the  moment  of  this  force 
about  the  centre  of  motion,  obtains 

and  baptizes  this  new  conception  "  moment  of  inertia."  The  first 
conception  and  the  last  are  totally  separate,  and  similarity  of 
formulae  is  accidental. 

The  idea  of  "  moment  of  inertia  "  is  the  instantaneous  efi'ect 
which  any  mass  would  have  if  collected  at  a  unit  distance  from 
an  axis  about  which  motion  loould  take  place  if  equilibrium  were 
destroyed.  The  idea  is  not  based  on  "  the  fact  that  oo  and  -y  are 
considered  to  be  imparted  or  destroyed  in  one  second,"  it  is  entirely 
independent  of  <y  and  'y,  motion  or  velocity,  or  of  time  (page  5). 

According  to  this  new  conception  of  /,  a  body  moving  in  a 
straight  line  would  have  an  infinite  "  moment  of  inertia,"  because 
it  would  be 

in  which  r  becomes  oo  or  =  ^moj'^  oo^  or  infinity,  because  a  body 
moving  in  a  straight  line  is  moving  about  an  axis  whose  distance 
is  infinity,  while  we  know  that  its  work  done  is  equal  to  J  7nv', 
and  that  it  would  require  that  resistance  to  bring  the  body  to 
rest  (overcome  its  inertia).  It  is  unfortunate  that  the  author 
should  so  radically  confound  the  "  momentum  (if  this  term  is 
permissible)  of  inertia,"  with  the  well-known  term  "  moment  of 
inertia."  His  proposition  to  call  the  "  moment  of  inertia  "  "■  mo- 
ment of  resistance  "  will  lead  to  further  confusion,  because  this, 
commonly  denoted  by  7?,  is  quite  a  different  conception,  univer- 
sally accepted.  On  page  481  the  author  refers  to  "  the  acting 
force,  momentum,  is  equal  to  the  resisting  force,  inertia." 

In  this,  again,  he  forgets  that  "  momentum  "  is  not  a  force,  any 
more  than  ''  inertia."  It  seems  to  me  that  when  an  attempt  is 
made  to  elucidate  a  mathematical  conception,  nothing  is  of 
greater  importance  than  to  give  a  clear  and  concise  perception  of 
the  terms  involved,  and  use  them  accordingly ;  this  the  author 
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has  most  strikingly  failed  to  do,  and  his  discussion  must  leave 
])hilosoi)liei's  and  students  more  bewildered  than  ever. 

Prof.  C.  Y.  Ken\* — The  unanimity  with  which  Professors 
"Wood,  Lanza,  Du  Bois,  and  Johnson  object  to  the  views  proposed 
in  this  paper  Avill  be  likely  to  discourage  future  effort  in  that  di- 
rection. Still,  if  the  discussion  at  present  leads  to  clearer  views, 
whether  they  be  new  or  old,  some  good  will  be  done.  I  feel  con- 
strained, however,  to  lessen  somewhat  the  force  of  their  remarks 
by  calling  attention  to  the  fact  that  all  of  them  are  committed  to 
certain  views  or  conceptions,  not  only  by  long  years  of  teaching, 
but  by  their  published  writings.  It  is  not  to  be  expected  that 
new  views  will  be  readily  adopted,  even  should  they  prove  fault- 
less. The  intent  of  the  paper  is  not  so  much  a  contribution  to 
theoretical  as  to  applied  mechanics  ;  and,  as  such,  with  the  argu- 
ments for  and  against,  it  is  submitted  to  the  body  of  engineers. 

The  extension  of  the  term,  2m7'%  has  been  carried  in  a  recent 
work  on  graphical  statics  even  farther  than  as  stated  b}^  Professor 
Wood  ;  so  far,  indeed,  as  to  speak  of  the  "  moment  of  inertia  of  a 
force ; "  but  the  writer  offers  an  explanation  for  so  doing,  very 
much  in  the  nature  of  an  apology.  I  agree  with  Professor  Wood 
that  the  term  2mr^  is  not  a  force  or  a  mass,  neither  is  it  in  the 
fo?in  of  a  static  moment.  And  since  I  have  used  both  co  and  v 
as  velocity  gained   or  lost  per  second,  a  common  definition  of 

acceleration,  I  can  substitute  gj  for  -^-^ ,  which  represents  angular 

acceleration,  in  his  equation 

and  substantially  agree  with  him  again.  Since  mass  and  velocity 
are  independent  variables,  I  have  simply  used  go  as  the  integral  of 

■jji.     My  differential  element  is  a  force  of  magnitudes,  dm-  oox^  at 

the  end  of  an  arm,  a?,  and  the  integral  is  a  force  P  at  the  end  of 
the  arm  ./;  or  it  is  equivalent  to  a  force  PJ  =  I  at  unit  distance. 
Hence,  Professor  Wood  offers  an  illustration  inconsistent  with  my 
theory,  in  the  equation,  M-P  =  2m.r\  So  far  as  momentum  is 
concerned,  he  has  stated  elsewhere  that  "  the  momentum  im- 
pressed each  instant  is  a  measure  of  the  moving  force."     Here 

*  Author'^  closure,  under  tlie  Rules. 
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the  only  difference  between  us  is  that,  for  convenience,  I  have 
used  the  second  as  the  unit  instead  of  an  instant. 

Some  of  the  master-minds  in  our  profession  may  revel  in 
abstract  thought,  and  may  be  able  to  accept  and  use  the  "  moment 
of  inertia  "  as  a  purely  mathematical  expression ;  but  I  am  led  to 
believe  that  the  majority  of  engineers,  not  to  speak  of  beginners, 
whether  engaged  in  the  design  of  a  machine  or  in  the  calculation 
of  stresses  in  a  truss,  will  proceed  more  safely  and  rapidly  if  they 
can  employ  the  constructive  imagination  to  guide  them.  And 
whenever  we  can  give  to  the  terms  in  mechanics  a  physical  mean- 
ing we  facilitate  their  use.  I  understand  that  Professor  Lanza 
himself  has  publicly  protested  against  the  practice  of  the  rule-of- 
thumb  engineer  who  uses  formulas  that  he  cannot  derive  and 
does  not  understand.  If  Professor  Lanza  has  done  so,  I  hold  him 
in  still  higher  esteem. 

Professor  Johnson  is  entirely  right  in  contending  that  the  ex- 
pression '•  moment  of  inertia  "  is  out  of  place  in  statics,  and  that 
a  different  term  should  be  used.  That  I  would  supply  by  "  mo- 
ment of  resistance,  ^."  But  he  has  apparently  overlooked  that 
suggestion  in  my  paper.  He  should  replace  "  moment  of  inertia  " 
by  "  moment  of  resistance,"  and  then  define  it  as  **  the  moment 
of  a  uniformh^  varying  stress  about  that  axis  at  which  this  stress 
is  zero."  I  would  further  point  out  the  fact  that,  in  developing 
the  difference  between  these  two  moments,  I  have  used  for  the 
one  a  differential  quantity  depending  upon  momentum,  and  for 
the  other  a  quantity  depending  upon  the  load  supported.  Natu- 
rally, then,  the  integrals  show  that  the  moment  of  inertia,  appli- 
cable to  problems  in  dynamics,  depends  upon  mass  and  velocity^ 
while  the  moment  of  resistance,  applicable  to  problems  in  statics, 
depends  upon  stress.  I  am  therefore  free  from  the  charge  of 
beino;  '*  illoofical  and  unreasonable  "  in  trvino:  to  D:ive  to  the  "  mo- 
ment  of  inertia  "  as  used  in  statics  a  meaning  similar  to  what  it 
has  in  dynamics.  In  his  Modern  Framed  Structitres^  Professor 
Johnson  offers  as  the  ''moment  of  resistance "  of  a  rectangular 
beam  the  term,  \fhlL^  which  corresponds  exactly  to  the  value, 
\  sba^.  found  in  my  paper  for  the  same  type  of  beam.  So  I  am 
inclined  to  think  that  if  my  object  had  been  more  fully  under- 
stood he  would  have  been  more  nearly  in  sympathy  with  me. 

The  objections  offered  by  Professor  Du  Bois  seem  to  rest  mainly 
upon  a  matter  of  taste.  He  insists  upon  putting  acceleration  in  a 
general  form.     I  have  not  thought  that  necessary  to  the  present 
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purpose,  and  have  distinctly  stated  ''  that  cj  and  v  are  considered 
to  be  imparted  or  destroyed  in  one  second.''     In  that  sense  they 
stiind  for  a  uniform  accelei*ation.     I  desire  to  develop  a  simple  and 
practical  method  of  dealing  with  problems  involving  inertia,  and 
not  to  exhibit  all  possible  phases  of  motion.     Let  me  illustrate  : 
suppose  a  body  of  to  pounds  to.  be  moving  at  a  given  instant  in  a 
criven  direction  with  a  velocity  of  v  feet  per  second.     It  matters  not 
Avhether  the  body  has  been  moving  uniformly  or  with  a  positive 
or  neirative  acceleration.     If  a  force  be  required  to  stop  it  in  one 
second  from  that  particular  instant,  the  magnitude  is  fixed  by  the 
product  ^-^'V  =  mv.     If  Professor  Du  Bois  will  conceile  this  point, 
the  others  will  follow.     Elsewhere  he  has  made  this  statement : 
"  The  product  inv^  or  the  measure  of  the  momentum  of  a  body 
of  mass  w,  moving  with  a  velocity  -y,  gives  then  the  number  of 
pounds  constant  pressure  w^hich  will  bring  the  body  to  rest  in  one 
secondP     And  further,  "  Momentum,  then,  is  neither  motion  nor 
is  it  quantity  of  motion."     In  answer  to  his  question,  ''  How  can 
inertness  cause  anything?  "  I  am  tempted  to  ask,  what  w^ill  hap- 
pen if  inertness  in  motion  comes  in  contact  ^vith  inertness  at  rest? 
Finally,  in  saying  "  Of  course  it  is  self-evident  that  when  a  —  \ 
radius  per  second  per  second  your  i  will  be  nuniericaUy  equal  to 
old  /,"  Professor  Du  Bois  virtually  admits  a  point  for  which  I 
have  been  contending,  that  angular  velocity  does  have  something 
to  do  wnth  the  moment  of  inertia.     That  is  not  conceded  b}^  all 
who  have  discussed  this  question.     Elsewhere  he  has  also  derived 
the  moment  of  inertia  as  follows,  assuming  a  body  to  revolve 
about  an  axis  :  "  Since,  now,  the  velocity  at  any  point  is  oor,  the 
inertia  of  that  point  is  oomr,  where  m  is  the  mass  of  the  point  in 
question.      The   moment  of   this  force  of  inertia  will   be,  then, 
oamr  x  r  —  oDmr''.     If  the  angular  velocity  is  unity,  i.  <?.,  if  the 
]xjint  at  one  unit  distance  has  one  unit  of  velocity,  then  the  moment 
of  the  inertia  of  the  point  will  be  simply  mr^.     This  product  is 
called  the  '  moment  of  inertia '  of  the  point  whose  mass  is  ni  and 
distance  from   the  axis  r.     The  moment  of  inertia^  then^  is  the 
jyrodnrt  of  the  inass  into  the  square  of  the  distance  from,  the  axis.^^ 
But  when  ai  is  dropped  out  our  ways  part.     I  insist  not  only  upon 
using  &?  in  the  demonstration,  but  in  retaining  it  in  the  solution 
of  problems  in  dynamics  to  which  the  moment  of  inertia  espe- 
cially a])plies.     Similarly,  the  factor  of  stress  should  be  retained  in 
applying  the  moment  of  resistance  to  ])rol)lems  in  statics. 

The  test  of  usefulness  of  a  method  mav  be  found  in  facilitv  of 
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application  and  correctness  of  results.  I  would,  therefore,  point, 
first,  to  the  experiment  with  the  Corliss  connecting-rod,  as  showing 
the  ease  with  which  the  centre  of  percussion  and  the  moment  of 
inertia  may  be  determined  for  an  irregular  body.  The  correctness 
of  the  value  of  J  has  been  proved  by  finding  experimentally  the 
length  of  a  simple  pendulum  that  would  vibrate  in  the  same  time 
as  the  connecting-rod.  And,  second,  to  the  case  of  the  fiy-wheel 
as  showing  the  application  of  the  "  moment  of  inertia  "  and  the 
"  moment  of  resistance,"  and  especially  the  difference  between 
them.  It  is  thought,  also,  that  the  method  will  be  of  value  in  the 
solution  of  the  shaft  governor  problem,  and  in  the  development 
of  a  science  of  graphical  dynamics.  In  fact,  some  progress  has 
already  been  made. 
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It  seems  hardly  necessary  to  review  the  past  development  of 
electric  tramways ;  it  has  been  made  apparent  on  every  side  of 
us,  commencing,  it  may  be  said,  with  the  introduction  of  electric 
motors  on  a  large  scale  on  the  roads  of  Richmond,  Va.,  about 
seven  years  ago,  by  the  old  Sprague  Company.  This  was  the 
first  commercial  undertaking  of  any  size  or  capacity  for  the 
operating  of  a  large  service  of  horse  railroad  with  electric 
motors,  and  the  conditions  and  requirements  under  which  this 
contract  was  taken  were  enough  to  discourage  any  but  the  most 
persistent}  and  courageous.  Grades  of  ten  and  twelve  per  cent., 
sharp  curves,  poor  track  to  operate  on,  and  no  past  experience  to 
go  by,  were  some  of  the  difficulties  encountered.  This  road 
developed  the  system  in  its  main  features  as  it  stands  to-day, 
two  motors  being  mounted,  independent  of  the  car  body,  on  the 
truck,  and  driving  to  the  axle  by  gear.  With  the  improvements 
and  modifications  which  seven  years  have  brought  into  the 
field,  this  system  stands  in  the  main  what  Mr.  Sprague  made  it 
at  that  time. 

The  first  motors  installed  on  this  road  were  seven  and  a  half 
liorse-pov/er  each.  Later  on  these  were  changed  to  ten-horse- 
power, and  a  year  or  two  later  fifteen-horse-power  motors 
became  the  standard.  Then  twenty,  and  now  two  twenty-five- 
horse-power  motors  are  the  standard  street  railway  equipment 
which  is  generally  made. 

Street-railway  managers  were  soon  attracted  by  the  results 
there  shown,  and  the  next  large  system  to  follow  Richmond  was 
Mr.  Whitney's  then  new  consolidated  system  in  Boston,  the  West 

♦Presented  ai  the  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  IVans- 
ctctions. 
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End  Eailroad.  There  the  Thomson-Houston  Company  practi- 
cally had  the  field  for  enterprise  and  experiment,  and  carried  on 
still  further  the  development  which  had  been  started  at  Eich- 
mond,  working  out  still  larger  problems  than  had  there  been 
undertaken.  The  result  is  to-day  that,  outside  of  a  few  cable 
roads,  there  is  not  a  street  railway  system  of  any  size  in  the 
country  where  electric  traction  has  not  been  or  is  not  beino- 
now  introduced  on  an  extended  scale,  requiring  enormous  ad- 
ditional outlay  of  capital  in  this  installation.  There  had  been 
before  the  commencement  of  electric  traction  a  growing  demand 
for  more  rapid  transit  in  large  cities,  and  this  had  to  be  met 
in  some  way.  The  cable  had  been  introduced  in  a  number  of 
cases,  but  on  account  of  its  excessive  cost,  and  special  require- 
ments and  conditions  to  make  it  a  success,  in  addition  to  the 
necessity  of  a  heavy  traffic  in  order  to  make  it  a  commercial 
success,  its  introduction  had  been  limited  to  a  few  large  cities. 

The  advantage  of  electric  traction  was  that  it  was  equally 
available  to  the  little  cross-country  horse  line  or  the  largest 
system  in  our  large  cities,  and  under  the  heaviest  conditions  of 
traffic  and  service.  One  of  the  first  results  of  its  introduction 
was  the  satisfying  of  the  demand  for  more  rapid  transit,  and  the 
large  increase  in  gross  and  net  earnings,  and  the  reduction  of 
operating  expenses,  especially  on  the  question  of  power.  One 
of  the  early  fields  to  be  developed  was  the  inter-urban  service 
between  cities,  for  connecting  small  towns  with  large  cities. 
One  of  the  first  and  most  marked  examples  of  this  kind  was  the 
inter-urban  service  between  Minneapolis  and  St.  Paul.  After  its 
establishment  it  compelled  six  different  steam  roads  to  practi- 
cally abandon  the  service  they  had  been  maintaining  between 
these  cities. 

We  have  seen  it  in  the  last  year  or  two  carried  still  further 
at  the  World's  Fair  by  its  introduction  on  the  Intramural  road, 
and  now  being  further  extended  on  the  elevated  structures ;  and 
there  are  now  being  equipped  one  or  two  of  the  large  steam 
roads  for  handling  special  problems,  as,  for  instance,  the  Balti- 
more and  Ohio  tunnel  at  Baltimore,  where  the  entire  freight 
and  passenger  service  of  the  road  is  to  be  handled  by  large 
electric  locomotives  of  ten  to  twelve  hundred  horse-power 
capacity.  The  amount  of  capital  and  the  confidence  with  which 
capitalists  and  investors  have  taken  hold  of  the  electric  tram- 
way has  been  something  marvellous  when  we  consider  the  short 
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time  tliej  have  been  in  service,  and  though  you  might  find  a 
few  faihires  owing  to  poor  management,  over-capitalization,  or 
some  other  sufficient  cause,  in  general  we  find  an  uninterrupted 
line  of  successful  extensions  and  enterprises  in  this  line.  I  will 
try  to  make  a  brief  general  review  of  the  difi*erent  parts  of  the 
electric  tramway  system,  and  show  the  development  which  has 
been  made  in  each. 

EoAD-BED. — There  is  probably  no  part  of  a  street  railway 
system  which  was  more  antiquated  in  its  general  construction 
than  the  majority  of  the  road-beds  were  found  in  this 
country  when  cable  and  electric  traction  were  first  introduced, 
and  it  took  some  severe  lessons  in  many  cases  to  bring  about 
appreciation  of  the  necessity  of  good  road-bed  construction. 
The  old  horse-road  construction  was  in  somewhat  the  condition 
of  the  old  steam-road  construction  fifty  years  ago,  being  a 
stringer  construction,  with  ties  four  to  five  feet  on  centres  in  the 
majority  of  cases,  and  a  flat  rail,  either  centre  or  side  bearing, 
and  weighing  from  thirty  to  sixty  pounds  to  the  yard,  spiked  to 
the  top  of  the  stringers.  The  result  naturally  reached  with  the 
introduction  of  electric  traction  on  such  a  track,  with  its  heavy 
service  and  severe  wear  and  tear  owing  to  self-propulsion,  was 
a  failure  of  the  road-bed  entirely.  On  paved  streets  the  ties 
had  to  be  placed  sufficiently  low  to  enable  the  use  of  paving 
blocks  over  them.  Therefore,  with  the  commencement  of  the 
introduction  of  girder  and  T  rails,  which  when  first  intro- 
duced were  three  to  four  inches,  and  in  some  cases  five  inches, 
in  depth,  it  required  the  placing  of  these  rails  on  a  cast  or 
wrought-iron  chair  or  stringer  in  order  to  get  the  depth  over 
ties  for  paving.  This  method  proved  very  little  better  than  the 
old  flat  rail,  under  the  added  requirements  of  the  service,  and 
especially  at  the  joints ;  and  contracting  engineers  and  officials 
of  street-railway  companies  very  rapidly  reached  the  apprecia- 
tion of  the  necessity  of  using  the  heaviest  possible  rails  obtain- 
able, and  the  rail  mills  were  pressed  to  undertake  the  rolling  of 
heavier  and  deeper  girder  and  T  rail,  and  after  overcoming 
all  difficulties  they  have  reached  at  present  a  state  of  develop- 
ment which  gives  us,  we  believe,  a  road-bed  construction  equal 
to  that  of  any  steam  road  in  the  country  ;  and  the  standard  to-day 
for  electric  tramway  road-bed  is  seventy  to  eighty-pound  T 
rail,  or  seventy  to  nincty-eight-pound  girder  rail,  the  depth  of 
these  rails  running  from  seven  to  nine  inches. 
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Ninety-pound  rail,  being  nine  to  ten  inches  in  depth,  enables 
them  to  be  spiked  direct  to  the  ties  and  give  the  necessary 
depth  for  paving.  This  heavy  rail,  with  eight  to  twelve-bolt 
joint  plates,  supplies  every  requirement.  The  girder  rail  is 
being  generally  used  in  paved  streets,  and  T  rail  on  suburban 
roads,  and,  for  the  last  year  or  two,  to  a  considerable  extent  on 
macadamized  roads,  and  even  in  a  few  cases  on  paved  streets. 
By  the  introduction  of  special  details  of  construction,  and  es- 
pecially on  macadamized  and  asphalted  streets,  the  T  rail  seems 
to  offer  as  good  a  road-bed,  both  for  the  railroad  and  the  public, 
as  the  side-bearing  girder  rail.  Ties  used  should  be  standard 
railroad  ties. 

The  special  work  on  track  work,  such  as  cross-overs,  turn- 
outs, curves,  etc.,  has  also  met  with  large  improvement.  The 
old  form  of  special  work  was  iron  castings,  which  very  rapidly 
depreciated  under  the  conditions  of  this  service.  Next  we  had 
introduced  the  rails  cut  into  the  special  shape  as  required  by 
conditions  and  bolted  together.  These  also  very  rapidly  depre- 
ciated, and  became  loose  in  the  joints,  etc.  Now  we  have  as  a 
standard  for  this  special  work  the  steel  rails  bent  to  the  form 
required,  and  surrounded  by  a  mass  of  cast  metal  to  hold  them 
together,  and  one  company  is  turning  out  this  special  work  with 
the  parts  welded  together ;  also  in  cast  steel.  One  company  is 
introducing  track  work  in  which,  instead  of  joining  up  the  rails 
with  channel  and  joint  plates  bolted  together,  the  rail  is  being 
welded  electrically  into  a  continuous  rail.  A  section  of  track  in 
Cambridge,  Boston,  and  also  one  at  Johnstown  were  laid  in  this 
manner,  and  this  year  this  plan  is  being  introduced  on  a  very  large 
scale  on  the  entire  system  of  a  road  in  Brooklyn,  N.  Y.,  where  fifty 
miles  or  more  of  ninety-pound  rail  is  being  laid  in  this  manner. 
The  experiment  is  a  bold  one  and  deserves  success.  We  have 
got  to  await  a  severe  winter  to  see  what  success  will  be  achieved 
by  it.  The  process  of  welding  this  up  is  to  weld  two  joints  and 
skip  the  third,  and  come  back  at  night,  when  everything  is  cool, 
and  weld  this  third  joint.  By  this  process  they  expect  to  over- 
come the  difficulties  which  they  encountered  last  year,  in  which, 
after  one  winter's  test,  six  per  cent,  of  the  joints  pulled  apart. 

Track  Bonding  and  Electrolysis. — We  are  hearing. a  great 
deal  to-day  about  electrolysis  and  electrolytic  action  of  the 
current  on  the  return  side  of  the  tramway  circuit  In  the  early 
introduction  of  electric  tramways,  and  with  the  light  section  of 
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rails,  the  usual  method  was  to  bond  up  the  rails  and  couuect 
them  with  the  return  copper  or  irou  wire  of  varying  sizos  which 
was  laid  between  the  rails.  At  first  the  size  was  No.  4  and  6 
wire,  and  later  on  0  and  00  was  used.  With  the  introduction  of 
a  seventy  and  ninety-pound  section  of  rail  we  have  met  the  ques- 
tion of  sufiicient  capacity  in  the  conductivity  of  the  rail.  The 
present  requirements  are  to  bond  the  rail  in  such  a  manner  as 
to  insure  a  continuous  connection  of  all  the  tracks,  and  thus 
provide  means  for  the  return  connection  to  the  power  station, 
and  we  believe  it  may  be  said  that  the  best  standard  of  con- 
struction to-day  is  to  double  bond  all  the  joints  of  the  rail  with 
the  shortest  possible  bond  which  is  practicable,  and  cross  bond 
each  rail  eveiy^  few  lengths  and  also  cross  bond  to  the  other 
track.  This  insures  a  uniformity  of  potential  in  the  rails.  Then, 
by  connecting  this  track  by  overhead  feeders  run  in  the  same 
manner  as  the  feeders  to  the  trolley,  connected  every  half  mile 
or  so  to  the  track,  we  believe  we  have  a  practical  solution  of 
the  difficulties  which  have  been  encountered  in  the  proper  re- 
turn of  the  current,  and  a  prevention  of  the  trouble  which  has 
been  encountered  where  this  return  was  not  sufficiently  provided 
for,  and  the  current,  taking  to  the  water  and  gas  mains,  has 
caused  the  trouble  and  damage  resulting  from  the  same. 

Line  Construction. — When  we  run  across  some  of  the  old 
cases  of  line  construction,  as  at  Bichmond  and  other  places,  and 
then  compare  them  with  the  present  form  of  construction  which 
is  now  being  introduced,  it  gives  us  a  better  illustration  than 
words  can  describe  of  the  improvement  which  has  been  made  in 
overcoming  the  objections  which  existed  in  the  earlier  work. 
Then  we  had  for  insulation  old  pieces  of  glass  and  porcelain 
and  little  blocks  of  wood,  the  whole  making  a  poor  mechanical 
and  electrical  job,  and  giving  considerable  trouble. 

The  standard  of  trolley  wire  then  was  No.  4.  Now  the  stan- 
dard is  a  No.  0  or  00  wire.  Then  the  poles  used  were  plain  little 
telegraph  poles,  about  six  inches  at  the  top  and  eight  inches  at 
the  butt,  which  quickly  gave  way  under  the  strain  of  service. 
Now  we  have  a  well-built  line,  8ul)stantial  in  every  respect. 
The  poles  used  are  either  a  heavy  octagonal  sawed  pole,  or  vari- 
ous types  of  iron  poles.  Local  city  authorities,  though,  have 
compelled  the  use  of  iron  poles  in  most  cases,  and  various  types 
of  pipe  and  trussed  sectional  iron  poles  have  been  introduced. 
The  difficulty  with  the  iron  pole  construction  is  to  get  good  in- 
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sulation  between  tlie  trolley  wire  and  the  ground.  The  general 
line  material,  such  as  trolley  insulators,  feeder  insulators,  pole 
insulation,  etc.,  have  all  been  brought  to  a  high  state  of  develop- 
ment, and  at  present  we  can  purchase  this  material  and  know 
pretty  well  that  we  are  getting  first-class  insulating  qualities. 
On  all  city  work  the  general  form  of  suspension  for  the  line  is 
cross  suspension,  with  the  poles  located  on  the  curb. 

Feedee  Wiee. — Feeder  wires  have  been  more  and  more  liber- 
ally introduced  and  used,  and  at  present,  on  the  best  construc- 
tion, the  system  is  laid  out  and  figured  to  maintain  a  distribu- 
tion of  potential  over  the  entire  system  with  a  drop  of  not 
exceeding  five  to  eight  per  cent,  under  the  most  severe  condi- 
tions or  heavy  stress  of  weather.  Feeder  wires  in  general  have 
been  run  overhead,  but  we  believe  it  is  an  assurance  of  better 
service  on  large  roads  to  run  the  main  feeder  trunk  lines  in 
underground  conduits,  and  we  have  done  this  in  several  cities 
with  successful  results.  With  proper  arrangement  of  feeders, 
cut-outs,  section  insulators,  etc.,  and  proper  distribution  of  the 
feeder  lines  on  the  switchboard,  we  have  complete  control  of 
our  system,  and,  in  case  of  trouble,  are  able  to  localize  that 
trouble  to  the  smallest  possible  section  of  the  line,  and  provide 
a  quick  remedy  therefor. 

Undeegeound  Conduits.— Underground  conduits,  or  the  plac- 
ing of  the  trolley  wire  with  all  its  feeders  under  the  surface  of 
the  street,  is  the  ultimate  and  desirable  result  to  be  obtained  in 
our  large  city  lines  of  electric  tractiou,  and  cities  are  going  to 
demand  in  the  near  future  this  method  of  service  where  the 
local  conditions  and  requirements  will  warrant  it.  Under- 
ground conduits  were  attempted  four  or  G.ye  years  ago,  but  on 
account  of  insufficient  experience,  lack  of  engineering  ability,  or 
amount  of  money  expended  on  the  work,  as  well  as  a  desire  on  the 
part  of  the  company  installing  them  to  make  them  a  failure,  they 
were  not  in  general  successful.  The  first  really  successful  under- 
ground conduit  to  be  installed  and  operated  was  in  Buda-Pesth, 
about  seven  or  eight  miles  in  length,  and  it  is  now  being  ex- 
tended to  thirty  miles  or  more.  The  local  conditions  there 
were  favorable,  and  the  width  of  slot  opening  which  was  pos- 
sible to  be  used  there  was  not  practicable  in  this  country,  owing 
to  our  wagon  tires.  We  have  had,  the  past  year,  one  or  two  con- 
duits introduced  on  similar  lines  in  this  country  on  a  very  small 
scale,  at  Chicago  and  Washington,  and  we  will  have  within  the 
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next  few  montlis  the  introduction  of  a  conduit,  in  one  or  two  of 
our  large  cities,  on  a  large  commercial  scale.  The  conduit  to  be 
most  used  will  be  one  similar  to  a  cable  conduit,  with  the 
trolley  conductors  placed  at  the  sides  in  the  shape  of  a  channel 
or  angle-bar  or  rod  of  iron  or  copper,  which  will  be  divided  into 
sections,  and  fed  by  underground  feeders  laid  along  the  line 
of  the  road.  Various  types  of  shoes  or  brushes  will  convey  the 
current  from  the  trolley  wire  to  the  motors  on  the  car.  Such 
a  conduit,  we  believe,  will  only  be  successful  where  it  is  made  a 
double-tro'ley  conduit,  and  not  depending  on  the  track  for  the 
return  circuit. 

The  other  type  of  conduit  which  may  be  used  is  one  of  the 
several  which  are  operated  on  the  closed-conduit  plan.  None  of 
these  have  been  introduced  on  a  commercial  scale  as  yet.  It  is 
a  very  attractive  method  in  many  ways,  also  saving  on  the  cost 
of  construction  of  a  cable  conduit.  There  are  numerous  diffi- 
culties in  regard  to  the  electrical  details  which  will  have  to  be 
overcome  before  such  a  form  of  duct  can  be  a  success.  The 
overhead-line  construction,  though,  will  continue  to  be  used  in 
the  majority  of  cases  for  many  years  to  come,  we  believe,  as  the 
most  practicable  and  best  method  for  conveying  the  current  to 
the  motors.  The  cost  of  a  well-built  trolley  conduit  in  the  form 
of  a  cable  duct  will,  in  most  cases,  exceed  that  of  a  cable  duct  on 
straight  track,  but  less  on  curves  and  special  work. 

Cars  and  Their  Equipments. — In  the  old  horse-car  service  the 
standard  length  of  car  body  was  fourteen  to  sixteen  feet,  and  in 
open  cars  seven  or  eight  benches.  The  added  service  done  by  the 
large  electric  roads  brought  about  an  increase  in  the  length  of 
cars,  particularly  in  the  closed  cars.  This  was  carried  to  an 
extreme,  by  increasing  the  length  of  the  cars  to  twenty-six  and 
twent5^-eight-foot  body,  with  double  truck.  We  have  had  a 
reaction  from  that  length,  and  we  believe  the  best  standard  of  car 
for  heavy  city  traffic,  and  the  one  which  will  give  the  least  Avear 
and  tear  on  the  road-bed,  and  also  will  enable  the  use  of  higher 
speed  on  suburban  lines,  is  a  car  body  from  twenty  to  twenty- 
four  feet  in  length — twenty-one  or  twenty- two  feet  being  the  most 
desiraV)le  standard — and  mounted  on  double  trucks,  with  maxi- 
mum traction  on  the  driving  wheels.  Such  a  car  body,  with 
wide  platforms — four  to  four  and  a  half  feet — with  entrances 
on  one  side,  with  wide  double  doors,  fills  best,  we  believe,  the 
general   requirements    of   such  a  service.     There   is  a  strong 
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objection  to  the  use  of  nineteen  or  twenty- foot  car  bodies  on  a 
single  truck,  with  a  six-and-a-half  to  seven-foot  wheel  base,  as 
has  been  done  in  a  number  of  cases.  There  can  be  only  one 
result  from  such  an  equipment,  and  that  is  a  rapid  destruction 
of  the  car  body,  and  also  the  track.  This  pounding  or  de- 
struction of  the  track  on  these  single  trucks  has  to  a  consider- 
able extent  been  due  to  the  weight  of  the  cast-iron  motors  and 
their  rigid  mounting  on  the  car  axle.  This  dijficulty  has  been 
greatly  lessened  by  the  introduction  of  steel  motors  of  about  half 
the  weight,  and  the  supporting  of  them  by  springs. 

Open  cars  may  be  treated  in  a  similar  manner.  Generally 
these  open  cars  are  used  on  a  single  truck ;  but  if  of  excessive 
length,  a  double  truck  should  be  used.  The  trucks  generally 
used  we  have  partially  treated  of  in  describing  the  car  bodies. 
To  a  car  body  seventeen  or  eighteen  feet  in  length,  a  four-wheel 
truck  with  a  wheel  base  six  and  a  half  to  seven  feet,  increased 
as  much  as  the  curves  which  exist  on  the  line  will  permit,  is  the 
standard  w^here  that  length  of  car  body  is  used.  The  general 
diameter  of  the  wheels  now  used  is  about  thirty-three  inches, 
and  we  have  many  forms  of  heavy-built  forged  frames  or  steel 
pressed  frames,  with  every  possible  arrangement  of  the  spring 
base  which  can  be  devised  to  overcome  the  natural  tendency  of 
the  car  body  to  teetering  when  partly  filled  with  an  unequally 
distributed  load  of  passengers. 

Motor  Equipments. — The  improvement  in  motors  during  the 
past  seven  years,  since  their  first  introduction,  has  been  marvel- 
lous. The  old  seven-and-a-half  or  ten  horse-power  motor  was  a 
thing  of  pity,  poor  in  its  design  both  mechanically  and  electri- 
cally, and  a  continual  worry  and  trouble  to  keep  it  in  operation 
and  service,  the  fields  and  armatures  burning  out  every  day,  and 
the  repair  account  on  them  running  from  three  to  six  cents  per 
car  mile  operated.  Now  if  we  turn  to  the  present  type  of  iron- 
clad slotted  armatures  and  water-proof  motors,  with  normal 
horse-power  capacity,  in  the  general  type  of  motors  of  twenty- 
five  horse-power,  making  equipment  per  car  fifty  horse-power, 
and  built  for  any  speed  which  is  practicable  on  the  service  for 
which  they  are  to  be  used,  with  a  depreciation,  wear,  and  tear 
less  than  almost  any  other  type  of  power  machinery,  we  have,  it 
seems,  attained  a  commercial  stage  and  development  in  this  mo- 
tor which  it  will  be  hard  to  excel.  These  motors  are  now  equal 
to  almost  anything  to  which  they  may  be  put.     Their  capacity. 
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economv,  and  power  are  brought  to  a  high  stage  of  development, 
and  their  economical  controlling  and  handling  is  managed  by  a 
controller  stand  which  gives  various  combinations  and  arrange- 
ments of  the  motor  fields  and  armature,  which  gives  us  complete 
control  over  the  current  under  difi'erent  conditions  of  service, 
and  t^ives  us  an  economy  in  current  consumption  which  is  away 
beyond  the  expectations  of  a  few  years  ago. 

Po^TR  House. — From  the  mechanical  engineer's  standpoint, 
probably  the  most  interesting  part  of  the  equipment  of  the  elec- 
tric tramway  is  the  power  house,  and  therefore  we  will  try  to  give 
vou  a  more  careful  and  detailed  description  of  its  present  devel- 
opment and  arrangement.  The  one  central  idea  of  electrical  engi- 
neers, in  the  early  electric  light  and  power  station  work,  was  to 
have  them  located  in  the  centre  of  the  system,  regardless  of  all 
other  local  conditions  and  requirements.  Experience  has  shown 
us,  in  the  broad  treatment  from  an  electrical  and  mechanical 
en<^ineer's  standpoiot,  that  we  want  to  take  into  careful  consid- 
eration not  only  the  electrical  requirements  as  to  the  distribution 
of  power,  but  also  the  possibilities  of  economical  generation  of 
that  power  from  a  steam-engineering  standpoint ;  therefore  we 
give  careful  consideration  at  present  to  this  matter.  The  gen- 
eral requirements  are  that  a  power  station  of  any  size  or  capacity 
should  be  so  located  as  to  generate,  under  the  most  economical 
conditions,  the  power  which  is  to  be  used  in  the  utilization  of 
electricity,  and  the  location  to  be  such  that  the  obtaining  and 
handling  of  coal  and  water  shall  be  at  the  lowest  obtainable  net 
cost.  The  capacity  of  the  station  should  take  into  consideration 
the  present  requirements  and  immediate  future  expectations  as 
far  as  can  be  foreseen,  and  as  far  as  the  resources  of  the  com- 
pany will  permit  on  a  commercial  scale,  and  without  depending 
too  much  on  future  prosperity. 

The  general  basis  of  calculation  of  the  horse-power  required 
for  a  tramway  system  must  take  into  consideration  the  local  con- 
ditions of  service,  grades,  curves,  etc.,  but,  in  general,  fifteen  to 
twenty-five  horse-power  per  car  equipment  in  use  on  the  road  is 
the  general  limit  of  a  well-designed  station,  which  will  take  into 
consideration  the  conditions  for  the  continuous  service  and  ope- 
ration of  tlio  plant.  A  road  of  one  hundred  cars  would  there- 
fore require  about  two  thousand  horse-power,  which  horse -power 
should  bo  divided  into,  say,  four  units  of  five  hundred  horse- 
power each.     The  number  of  units  in  any  station  should  be  the 
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fewest  number  wliicli  will  give  a  safe  and  economical  division  of 
the  units,  and  in  a  station  of  tliis  kind  four  or  five  units,  accord- 
ing to  the  service  and  conditions,  should  be  the  standard.  In 
the  past  we  have  had  to  be  guided  largely  by  the  capacity  and 
size  of  generators  it  was  possible  to  obtain,  but  this  question  is 
now  eliminated,  and  any  capacity  of  generator  which  the  engi- 
neer may  call  for  and  feel  necessary  to  meet  the  needs  of  his 
case,  can  be  contracted  for  and  built  with  a  surety  of  success. 
Generators  are  now  being  built  in  this  country  up  to  ^ye  thou- 
sand horse-power  each.  The  general  arrangement  and  character 
of  power-station  building  required  for  the  power  plant  is  a  well- 
designed  one-story  fire-proof  iron,  brick,  and  stone  structure,  with 
trussed  roof,  travelling  power  crane  in  the  engine  room,  and  con- 
venient for  the  handling  of  coal,  ashes,  etc.,  which  it  may  be  pos- 
sible to  obtain.  The  method  of  connecting  up  the  engine  and 
generators  in  the  early  types  of  small  generators  was  to  belt  them 
to  small  automatic  engines,  or  else  by  countershafting.  Both 
methods  have  their  advantages  and  disadvantages.  At  present 
the  tendency  is  large  generators  directly  connected  to  the  engine, 
whether  automatic  or  Corliss,  high,  slow,  or  intermediate  speed, 
such  connection  being  made  either  by  direct  belting  or  directly 
mounting  the  generator  on  the  engine  shaft.  The  type  of  engine 
to  be  used  on  this  service  we  have  found  must  be  equal  in  its 
requirements  to  that  of  rolling-mill  service,  capable  of  standing 
the  heaviest  strains  in  the  variation  of  the  load,  and  also  to  give 
desirable  closeness  in  regulation  under  these  heavy  changes,  in 
order  that  our  generators  may  be  balanced  with  one  another. 
There  is  probably  no  service  which  has  done  more  to  develop 
the  steam  engine  in  the  last  few  years  than  railway  and  power  ser- 
vice. The  Corliss  engine  is  being  better  and  more  heavily  built, 
and  being  made  to  regulate  more  closely  than  it  did  in  the  past. 
The  automatic  or  high-speed  engine  has  been  developed  from  a 
light,  unmechanical  single-valve  engine  to  a  heavy,  substantially 
built  double-valve  engine  giving  good  regulation  and  good  ser- 
vice up  to  certain  sizes  ;  and  for  our  larger  units,  we  believe  the 
alternate  type  will  be  an  engine  combining  the  advantages  and 
uses  of  an  automatic  and  Corliss  engine,  combining  the  advan- 
tages of  both,  and  trying  to  avoid  the  disadvantages.  Such  an 
engine  for  general  requirements  we  believe  will  preferably  be  a 
vertical,  as  giving  better  economy  of  space  in  large  plants.  As 
to  the  number  of  cylinders  to  be  used  in  engines,  it  is  generally 
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ackno^vledged  to-day  that  compound  engines  give  the  best  results 
on  railway  work.  Triple-expansion,  on  account  of  the  wide  vari- 
ation of  load,  have  been  found  to  be  undesirable,  and  therefore 
cross  or  tandem  condensing  or  non-condensing — preferably  the 
former — are  the  standard  to-day. 

In  boilers  we  have  a  wide  range  in  style,  size,  and  capacity. 
The  plain  old  horizontal  return  tubular,  sixteen  or  seventeen  feet 
long,  with  three-and-a-half  or  four-inch  tubes,  is  still  filling 
general  requirements  in  a  large  number  of  cases  in  a  satisfac- 
tory manner,  where  real  estate  has  not  to  be  purchased  at  an 
excessive  cost,  and  where  the  steam  pressure  does  not  exceed 
one  hundred  and  twenty -five  pounds.  Such  a  boiler,  made  with 
good  material,  with  a  butt  strap  joint,  gives  us  good  service. 
Where  the  conditions  are  such  that  we  require  water-tube  or 
sectional  boilers,  we  have  a  large  variety  to  select  from,  many 
of  them  meeting  our  requirements  and  giving  good  service ;  but 
a  number  of  them  we  find  are  giving  a  good  deal  of  trouble  and 
bother  in  their  care  and  maintenance,  and  also  in  not  giving 
good  dry  steam. 

The  generators,  as  we  have  indicated,  have  been  developed 
from  small  units  to  any  size  of  machine  desired,  and  we  have 
now  a  machine  which  in  its  economy,  durability,  regulation,  etc., 
cannot  be  excelled.  A  well-built  machine,  with  slotted  arma- 
ture, large  commutator,  carbon  brushes,  slow  speed,  and  self-oil- 
ing bearings,  requires  a  minimum  of  attendance  for  its  good  work- 
ing. These  are  built  for  direct  belting  for  a  slow  speed,  or 
direct  connection  for  the  various  types  of  engines  operating 
from  seventy-five  to  one  hundred  and  fifty  revolutions,  accord- 
ing to  the  size  of  the  units  or  type  of  engine  to  which  it  is  to 
be  connected,  and  they  are  being  built  from  one  hundred  to  fif- 
teen hundred  kilowatts  capacity. 

Car  House. — A  well-built  and  well-designed  car  house  is  of  as 
much  importance  to  such  a  system  as  its  power  house.  Such  a 
car  house  should  be  built  to  obtain  minimum  handling  of  cars  and 
afford  good  facilities  for  the  care  and  repair  of  the  cars  in  regular 
service  ;  and  also  to  give  a  storage  capacity  for  the  cars  which 
are  not  in  regular  service.  Such  a  car  house  should  be  a 
fire-proof  structure  in  every  respect,  and  afford  ready  access 
and  egress  for  the  cars.  The  general  form  of  the  structure, 
whether  one-  or  two-story,  must  be  in  accordance  with  the 
general   conditions   and    requirements   of    each   case,   and   be 
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equipped  with  repair  shops  and  repair  pits,  as  well  as  paint 
shop,  etc. 

Operating  Expenses  and  Cost  of  Equipment. — The  old 
horse-car  road  in  large  cities  operated  at  a  total  cost  of  from 
eighteen  to  twenty-five  cents  per  car  mile.  One  car  mile  is 
taken  as  the  standard  for  operating  expenses  in  our  tramway 
service.  The  heaviest  item  in  this  operating  expense  was  the 
question  of  power — that  is,  the  care  and  maintenance  of  the 
horses,  their  feeding,  and  the  depreciation  of  the  same.  The 
average  life  of  a  horse  on  a  well-operated  tramway  road  is  five 
to  six  years,  and  the  number  of  horses  required  per  car  from 
eight  to  eleven,  according  to  conditions  and  requirements.  The 
cost  of  this  power  service  was  from  eight  to  eleven  cents  per 
car  mile.  This  is  where  the  electric  road  has  made  its  heaviest 
gains  in  the  reduction  of  operating  expenses.  This  item  is 
reduced  in  power  service  to-day  to  a  cost,  under  general  condi- 
tions, ranging  from  one  to  one  and  a  half  cents  per  car  mile.  Is 
not  this  a  marvellous  gain  in  a  few  years,  and  does  it  not  indi- 
cate and  show  the  possibilities  of  the  introduction  of  this  power 
on  this  service  ?  The  relative  proportion  of  operating  expenses 
to  earnings  in  the  horse-railway  service  was  from  seventy  to 
eighty  per  cent,  operating  expenses  to  gross  earnings.  In  elec- 
tric service  we  have  a  considerable  increase  in  our  gross  earn- 
ings over  our  old  horse  line,  which  increase  runs  from  twenty- 
five  to  fifty  and  even  one  hundred  per  cent,  in  some  cases,  and 
the  operating  expenses  being  forty  to  sixty  per  cent,  of  the  gross 
earnings.  In  this  operating  expense  we  include  all  the  operat- 
ing expenses  of  the  road  other  than  the  fixed  charges. 

The  cost  of  building  and  equipping  an  electric  road  is  consid- 
erable. The  last  year  or  two  has  reduced  this  item  to  a  con- 
siderable extent,  especially  on  the  electrical  equipment ;  and 
has  not  only  reduced  the  cost,  but  shows  a  great  deal  better 
equipment,  and  one  which  is  going  to  show  a  much  smaller  de- 
preciation than  we  had  a  few  years  ago.  The  standard  price 
four  years  ago  for  an  equipment  of  two  fifteen-horse-power 
motors  and  the  installation  of  them  was  $3,000  to  $3,500.  The 
price  to-day  for  two  twenty-five-horse-power  motors,  which  are 
much  superior  to  the  former  ones,  is  under  $1,000.  This  gives 
us  a  total  cost  of  a  motor  car,  including  car  body,  truck,  motors, 
etc.,  of  approximately  $2,200.  A  single  mile  of  road-bed  con- 
struction, with  ninety-pound  girder  rail,  exclusive  of  any  new 
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pavement,  but  including  taking  up  of  the  old  track  and  replacing 
of  old  pavement,  about  $7,500  per  mile  of  single  track.  This 
makes  no  allowance  for  special  work.  Overhead-line  construc- 
tion for  one  mile  of  double  track,  with  iron  poles,  feeders,  etc., 
$4000  to  $5,000  per  mile ;  with  wooden  poles,  about  $3,000  or 
$i,000  per  mile.  Steam  and  electric  plant  for  direct-connected 
vertical  compound  condensing  plant — for  steam  plant,  $50  to  $55 
per  horse-power,  and  the  electrical,  $20  to  $25  per  horse-power, 
making  a  total  for  steam  and  electric  plant,  $70  to  $80  per  horse- 
power. As  a  general  summary,  we  have  for  the  total  cost  of  the 
equipment  of  the  electric  tram-road — that  is,  the  rebuilding  of  an 
old  horse  road — including  power  plant  complete,  buildings,  car 
house,  cars,  equipment,  track  and  overhead  construction,  $20,000 
to  $25,000  per  mile  of  single  track,  according  to  the  varying 
conditions  and  requirements  of  different  cases. 

Conclusion. — Without  going  to  extremes,  I  believe  we  may 
safely  say  that  the  electric  tramways  have  more  than  met  all 
the  requirements,  expectations,  and  agreements  of  even  the 
most  enthusiastic  advocate  during  their  early  introduction,  and 
when  we  look  around  us  to-day,  and  see  the  universal  introduc- 
tion which  they  have  met  with  in  this  country,  and  are  now 
meeting  with  in  all  parts  of  the  world,  we  can  in  a  measure 
appreciate  what  has  been  done  in  this  matter. 

As  to  the  future  and  the  future  possibilities  of  the  tramway, 
not  only  for  city  and  suburban  traffic,  but  also  to  enter  into 
competition  for  a  large  share  of  the  steam  railway  service,  it  will 
see  the  introduction  of  electricity  for  many  purposes  and  uses 
in  this  field.  The  limit  of  speed  and  power  obtainable  is  only 
limited  by  the  conditions  and  local  requirements  of  this  service. 
Theoretically,  any  speed  is  possible  which  is  desirable  to  be 
obtained  on  any  service,  and  the  only  limits  are  the  resistance 
of  the  wind  or  air.  As  to  the  exact  line  which  this  develop- 
ment is  going  to  take,  it  is  hard  to  determine ;  but  we  believe  for 
a  number  of  years  to  come  it  will  be  a  continuance  of  the  pres- 
ent lines,  with  improvements  in  the  general  detail  of  construc- 
tion. 

Tlie  storage  battery  we  have  left  out  of  consideration  entirely, 
and  we  do  not  believe  it  is  in  a  state  that  it  needs  to  be  consid- 
ered commercially  as  yet. 

Up  to  the  present  time  in  this  service,  our  development  has 
been  with  direct  or  continuous  current.     There  is  no  question 
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but  that,  with  the  large  improvements  and  modifications  which 
are  being  made  in  alternating  current  apparatus,  we  may  ex- 
pect its  introduction  on  the  tramway  service,  especially  for 
long-distance  work. 

In  all  this  work  the  mechanical  engineer  has  played  and  will 
play  an  important  part,  and  the  combined  mechanical  and 
electrical  engineer  is  going  to  be  and  has  been  largely  identified 
with  the  development  of  this  line  of  work. 

DISCUSSION. 

J/r.  Gus  C.  Henning. — This  paper  deals  with  the  art  of  run- 
ning cars  by  electricity  as  it  is  at  present,  which  is  not  at  all  the 
best  or  cheapest  way.  Everybody  knows  that  the  overhead 
trolley  is  expensive  in  bad  weather,  and  in  certain  conditions 
cannot  be  operated  at  all.  Many  engineers  have  been  trying  to 
get  a  method  by  which  the  difficulty  of  flooding  an  underground 
conduit  or  filling  it  up  with  dirt  can  be  avoided,  and  also  a  low 
first  cost  of  construction  be  secured.  Siemens  &  Halske,  in 
Hamburg,  have  recently  taken  up  a  new  system.  They  are  going 
to  build  a  road  which  will  be  found  described  in  the  Elektro- 
technischer  Anzciger  oi  November  4,  1894,  and  although  they  have 
been  very  successful  with  their  Buda-Pesth  road,  everybody 
knows  that  the  dirt,  ice,  and  water  getting  into  the  slot  will 
gradually  block  the  road,  or  at  times  break  the  circuit  at  many 
points  so  that  it  becomes  inoperative.  In  the  new  method  of 
Siemens  <fc  Halske,  instead  of  having  an  open  slot,  they  simply 
make  a  conduit,  (7,  of  a  diving-bell  shape  (Figs.  156, 157),  and  then, 
at  certain  distances,  according  to  the  grade  of  the  road,  they  put 
in  dividing  walls,  D — diaphragms,  or  bulkheads.  That  makes  a 
water-tight  compartment  of  each  section  of  the  conductor  con- 
duit. Those  can  be  as  short  or  as  long  as  you  please.  On  a 
level  road  you  do  not  require  them  except  for  long  distances. 
No  matter  how  much  the  slot  fills  up  with  water,  the  trolley  wire 
being  at  E,  it  will  never  come  in  contact  with  water,  as  the 
enclosed  air  will  prevent  the  water  from  rising.  The  trolley,  T, 
however,  simply  passes  below  that  wire  at  these  diaphragms  by 
means  of  inclines,  /,  under  the  wire,  which  can  be  long  or  short, 
according  to  the  speed  of  the  car  or  any  other  condition.  But  a 
brush,  5,  follows  along,  which  sweeps  out  that  conduit.  The 
conduit  tried  by  Siemens  &  Halske  at  Hamburg  is  only  eight 
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inches  deep.  They  have  actually  flooded  their  street  with  water 
several  inches,  and  the  trolley  runs  underneath,  in  contact  with 
the  wire  which  is  bare,  without  any  objection  whatever.     There 


Fig.  156 


is  no  loss  of  current,  because,  where  the  wire  passes  through 
these  diapliragrns,  it  is  very  carefully  insulated,  and  in  between, 
at  intervals,  they  put  what  is  the  same  as  an  expansion  joint, 
that  is,  they  coil  tlie  wire,  so  that  no  undue  strains  can  come  on 
the  wire  on  account  of  expansion  or  contraction.     Siemens  & 
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Halske  say  that  this  method  costs  no  more  than  the  overhead 
trolley,  aDd  probably  less,  because,  as  you  see,  this  is  a  cheaply 
made  box.  At  the  same  time,  these  conduits  can  be  laid  over 
the  ties.  Of  course,  in  heavy  traffic  you  have  to  get  a  good  road- 
bed for  your  ties  and  heavy  rails.  But  they  have  got  to  that 
point  now.  In  view  of  that,  the  statement  about  economy,  given 
in  this  paper,  will  be  found  to  be  very  much  reduced  just  as  soon 
as  this  system  has  been  introduced  on  a  large  scale  here  and 
elsewhere.  Even  outside  the  cities  this  would  be  a  far  preferable 
method  of  running  an  electric  road,  for  the  reason  that  it  is 
entirely  independent  of  storms.  The  only  things  which  will  affect 
this  system  are  electric  storms,  which,  of  course,  derange  any 
system.  But  Siemens  &  Halske  have  demonstrated  by  actual 
operation  in  Hamburg  that  this  is  a  perfectly  practicable  and 
reliable  method  of  operating  an  electric  road  in  a  very  much 
more  economical  manner  than  even  the  overhead  trolley,  and 
the  construction  of  the  Metropolitan  Traction  Company  in  this 
city  will  be  avoided,  in  which  they  have  to  dig  down  several  feet 
in  order  to  put  a  conduit,  in  which  they  will  also  put  a  cable,  in 
case  the  electric  trolley  will  not  run  underground.  It  is  gen- 
erally asserted  that  the  Metropolitan  Traction  Company  has  not 
attempted  anything  like  this,  because  they  want  to  bring  in  the 
trolley  from  across  the  river,  and  therefore  try  toshow  that  they 
cannot  run  a  conduit  trolley  in  this  city.  But  here  is  a  system 
which  has  been  entirely  successful,  very  economical,  and  less 
liable  to  leakage  or  loss  than  any  other  system,  and  I  think,  in 
the  discussion  of  this  paper,  which  only  gives  us  the  practice 
to-day  without  regard  to  the  latest,  we  should  also  put  it  in  the 
discussion. 

The  slot  is  of  any  shape.  It  can  be  either  between  the  rails, 
close  to  them,  or  at  the  centre.  It  may  be  placed  outside  the  rail, 
or  else  it  may  be  placed  under  the  heads  and  between  two  par- 
allel rails.  The  sketch  shows  two  Z-bars,  and  the  conduit  hangs 
under  the  heads.  The  stay-bolts  are  placed  as  usual,  and  hold 
the  conduit  on  the  ties,  or,  better  still,  on  the  plate  resting 
on  the  ties,  making  this  a  solid  slot.  Then  the  water  will  enter 
the  slot  and  fill  up  the  open  part  of  the  conduit.  If  the  whole 
eight  inches  are  submerged,  with  a  foot  of  water  overhead,  the 
compression  of  the  air  in  the  chamber  in  the  conduit  will  only 
be  an  inch  and  a  half  by  actual  test.  The  trolley,  of  course, 
hangs  on  an  arm  and  runs  against  the  wire.     Now  the  trolley  will 
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run  from  one  of  these  sections  to  another  very  rapidly,  and 
suck  a  lot  of  air  into  the  water  as  it  plunges  down,  and  carry 
that  air  into  the  next  chamber,  and,  therefore,  in  running  there 
will  be  a  constant  conduction  of  air  from  one  chamber  to  an- 
other. Otherwise  the  trolley,  running  very  rapidly  and  splash- 
ing the  water,  miglit  absorb  a  lot  of  air,  which  would  be  carried 
out  and  the  conduit  gradually  fill  with  water.  But  that  has  not 
been  found  to  be  the  case,  because  when  the  trolley  leaves  a 
section  where  there  are  no  diaphragms  the  air  will  follow  the 
trolley,  so  that  the  chambers  will  always  remain  filled  with  air. 
They  will  never  become  filled  with  water. 

Mr.  Obe/iin  Smith. — Is  the  circuit  broken  on  these  inclines,  or 
are  they  connected  with  the  live  wire  ? 

Mr.  He)i7img. — They  are  insulated  from  the  wire.  //  is  the 
guide,  and  E  is  the  wire.  The  guides  are  entirely  insulated, 
and  the  wires  are  insulated  through  DD.  If  the  ends  of  sections 
at  D  move,  no  strain  will  be  brought  on  the  wire  at  all,  because 
the  wires  are  fastened  at  D  and  i>,  and  coiled  between  these 
diaphragms ;  hence  the  ends  will  move  forward  and  back  irre- 
spective of  the  temperature  changes.  If  there  is  a  grade  of  six 
per  cent.,  knowing  that  water  rises  an  inch  and  a  half  in  the 
conduit  under  a  head  of  twelve-inch  submersion,  calculation 
shows  that  section  diaphragms  must  be  placed  about  twenty- 
four  feet  apart  on  such  grades,  which  are  about  a  maximum, 
except  in  extraordinary  cases. 

Mr.  Partridge. — What  is  the  depth  of  that  box  containing  the 
wire? 

3fr,  Henning. — I  think  that  is  only  five  inches.  All  you 
require  is  an  inch  and  a  half  below  the  wire. 

Mr.  Smith. — About  how  long  do  they  make  the  sections  of  air 
lock  for  a  level  grade  ? 

Mr.  Jltnning. — They  do  not  have  any  at  alL  On  very  steep 
grades  the  compression  of  air  will  not  be  great,  because  the 
water  naturally  flows  off.  Feed  wires  are  used  at  intervals  for 
the  current.  Dirt  holes  are  provided  at  intervals,  with  man- 
hole covers,  to  receive  the  dirt  which  enters  through  the  slot. 
As  each  trolley  arm  can  carry  a  brush,  the  conduit  can  be  kept 
clean.  On  lower  Broadway  there  might  have  to  be  a  receptacle 
aVxiut  every  one  liundred  and  fifty  feet,  on  account  of  the  mass 
of  dirt.  On  the  east  side,  in  the  dirty  streets,  there  may  have 
to  be  more  ;  while  on  Columbus  Avenue,  or  similar  clean  streets, 
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dirt  receptacles  several  hundred  feet  apart  would  suffice.  Sie- 
mens &  Halske  are  building  a  road  on  that  plan,  because  it  has 
been  practically  demonstrated  that  it  is  cheaper,  more  economi- 
cal, and  entirely  more  mechanical  than  the  overhead  trolley 
system.     The  trolley  arm,  of  course,  swings  on  a  hinge. 

A  Member, — How  about  the  spark  when  the  trolley  leaves  the 
wire  ? 

Mr.  Renning. — The  fact  is,  there  is  a  double  trolley.  There  is 
a  constant  contact  of  the  trolley  mechanism  with  the  wire.  But 
one  trolley  as  it  follows  a  guide  is  not  in  contact  with  the  wire 
or  the  other  trolley.  But  one  or  the  other  is  in  contact  all  the 
time.  Now,  when  one  trolley  comes  to  a  guide,  the  other  trolley 
has  already  come  into  contact  with  the  wire  beyond,  so  there 
is  always  a  constant  electrical  connection,  and  there  cannot  be 
any  sparking. 

A  Member. — How  do  you  manage  when  another  road  is  cross- 
insj  at  rifijht  ans^les? 

o  o  o 

Mr.  Hefuiing. — The  car  will  run  twenty  feet  or  more  by  mo- 
mentum, if  necessary.  On  the  cable  road  they  carry  a  car  from 
6ne  side  of  Third  Avenue  to  the  other,  at  125th  Street,  after 
dropping  the  cable.  There  can,  for  instance,  be  an  open  jDlace 
on  one  side  of  the  street,  and  the  trolley  can  be  raised  up  under 
the  car.  Then,  when  they  cross  the  street,  it  can  be  dropped 
again.  If  you  want  to  change  from  this  system  to  any  other 
you  simply  pull  your  trolleys  up  at  the  end  of  the  section  and 
go  ahead.  Of  course,  at  crossing  points,  the  wires  could  be 
dropped  below  the  conduits  just  the  same  as  is  done  nowadays 
with  cables,  and  connecting  the  chambers,  or  stop  them  off  at 
the  intersection,  and  simply  drop  the  wire.  There  is  no  diffi- 
culty whatever,  and  it  does  not  require  heavy  structures  at 
intersection  points,  as  cable  roads  do. 

A  Blember. — How  do  they  manage  to  keep  that  trolley  in  con- 
nection with  the  wire  in  case  it  is  flooded  ? 

Mr.  Henning. — If  you  take  a  tumbler  and  try  to  put  it  into 
water  upside  down  you  cannot  get  any  water  into  the  tumbler, 
because  the  air  stops  it.  The  trolley  runs  above  the  water,  and 
it  cannot  jump  out  of  position.  It  is  not  like  the  overhead 
trolley.  A  perfectly  flat  roller  can  be  used  as  a  trolley,  and 
it  cannot  get  out  of  the  way,  because  the  whole  mechanism  is 
guided  by  the  flat  sides  of  the  conduit.  If  tbe  car  moves  two 
inches  laterally,  the  whole  motion  of  the  trolley  is  less  than  one 
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quarter  of  that,  or  less  tliau  half  an  inch  motion.  A  little 
tniide  roller  can  be  used,  and  then  the  trolley  cannot  move  at  all, 
l)ut  that  is  not  necessary. 

JIi.  Olk-rlin  SmitL — How  near  is  the  wire  to  the  top  of  the 
divinfT-bell  connection,  and  what  kind  of  insulators  are  attached 
to  it  ? 

J//'.  Henning. — You  can  use  ten  thousand  different  kinds. 
You  can  pack  that  solid  against  non-conducting  material.  I  do 
not  know  what  they  have  done  in  Hamburg,  but  I  know  there 
is  one  device  which  is  proposed,  which  is  simply  to  carry  the 
wire  by  soldered  strips  in  a  lot  of  insulating  material  which  is 
put  on  the  conduit  in  the  shop.  This  whole  thing  can  be  made 
in  the  shop,  except  that  you  make  the  electric  connection  be- 
tween the  ends  of  the  wires  in  the  street.  The  entire  conduit 
is  made  in  the  shops,  and  simply  laid  down,  the  same  as  any 
street  rail.  A  ten-inch  slot  rail  is  not  necessary,  as  is  the  case 
on  the  cable  road,  because  the  conduit  is  only  eight  inches  deep. 
It  c:in  be  made  very  stiff,  very  cheaply,  and  the  pavement  will 
come  up  against  it  and  make  a  perfect  joint. 

Mr.  ILde. — How  do  you  avoid  a  short  circuit  when  one  trolley 
is  in  the  water,  and  the  other  on  the  wire  ? 

J/?'.  Jlenning. — It  is  so  arranged  that  one  of  these  trolleys  is 
cut  out  when  the  other  comes  down.     It  is  only  a  matter  of  detail. 

A  21ernil)tr, — What  voltage  do  they  advocate  in  them  ? 

Mr,  Ilenrdng. — I  do  not  know  what  they  have  used,  but  the 
voltage  is  not  a  question  in  this  at  all. 

Mr,  Nehon  IP.  Perry. — It  would  be  a  very  serious  question,  it 
seems  to  me,  on  account  of  the  creepage.  The  dampness  of  the 
air  would  cause  a  creeping  of  the  current  over  the  insulating 
material.  Here  you  have  a  very  short  distance  between  your 
copper  conductor  and  the  inverted  trough,  and  the  only  way 
to  obviate  an  excessive  creepage  of  current  would  be  to  use  a 
very  hjw  potential,  and  that  means  an  excessive  amount  of  cop- 
per in  your  conductors,  or  a  very  large  loss  in  transmission.  At 
two  hundred  and  fifty  volts  you  could  not  carry  it  half  the 
dLstance  tliat  you  could  at  five  hundred  volts. 

Mr.  liennirKj. — I  know  that  the  voltage  carried  by  Siemens  k 
Halsko  is  low.  Wliat  it  is  I  cannot  tell  you.  But  under  the 
volta'^e  necessary  to  operate  successfully  they  say  there  is  no 
appreciable  hjss.  We  will  have  to  wait  for  tests  and  accurate 
measurements  of  the  matter  in  order  to  get  at  it.     But  it  is  not 
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necessary  to  carry  a  high  voltage,  because  there  is  not  so  much 
loss  to  be  provided  for  along  the  line.  Yon  can  operate  with  a 
minimum  voltage,  because  there  are  neither  interruptions  in  the 
circuit  nor  leakage.  If  the  inside  of  the  conduit  is  prepared 
there  will  be  no  precipitation,  as  it  is  always  at  the  temperature 
of  the  external  air,  as  it  is  so  shallow.  In  this  respect  it  is  quite 
different  from  large  or  deep  conduits. 

J/r.  Perry. — If  you  had  no  leakage  at  all  it  would  be  neces- 
sary to  have  a  large  amount  of  copper,  if  you  were  to  carry  it  a 
long  distance. 

Mr.  Henviiivj. — There  is  no  difficulty  about  putting  in  any  size 
of  conductor.  You  can  put  a  rod  of  copper  in  there  instead  of 
a  wire.  You  cannot  carry  a  trolley  wire  of  very  great  section 
overhead,  because  your  posts  come  too  close  together.  Here 
you  put  them  in  the  shop  and  your  only  point  of  connection  is 
at  the  ends,  and  an  outside  feed  wire,  well  insulated,  carries  the 
main  current,  and  another  the  return. 

J/r.  Pe/'?-?/.  — Then  comes  in  the  question  of  copper.  If  you 
don't  have  sufficient  copper,  you  will  have  so  much  drop  in  your 
line  in  distance  that  your  cars  will  be  inoperative. 

Mr.  Henning. — That  is  very  true.  But  the  total  cost  of  this  is 
so  low  that  you  can  afford  to  put  in  a  large  amount  of  copper. 

3Ir.  Ferry. — With  five  hundred  volts  on  our  overhead  system, 
where  we  might  say  that  the  leakage  is  practically  nothing,  the 
limit  to  which  we  can  transmit  current  economically  is,  I  think, 
about  seven  miles.  Now,  if  we  are  going  to  carry  the  current 
further  than  seven  miles,  it  becomes  more  economical  to  build 
another  station,  with  all  that  that  involves,  rather  than  put  in 
sufficient  copper  to  overcome  that  drop.  If  you  put  the  volt- 
age at  two  hundred  and  fifty  to  avoid  that  leakage,  the  limit  to 
which  you  will  distribute  your  current  will  be  half,  the  distance 
will  be  only  half  as  great ;  or,  if  you  put  in  enough  copper,  your 
investment  in  copper  is  twice  as  large.  So  you  have  to  decide 
between  Scylla  and  Charybdis. 

Mr.  Hennincj. — Of  course,  those  are  propositions  or  supposi- 
tions which  have  to  be  proved  or  disproved  by  actual  practice. 
But  I  do  not  think  you  can  apply  the  knowledge  gained  by  over- 
head trolleys  to  this  conduit.  I  remember  hearing  one  of  our 
members  reading  a  paper  showing  that  an  electric  locomotive 
was  impracticable,  for  the  reason  that  it  would  be  so  massive 
that  we  could  not  do  anything  with  it.     Now  we  have  electric 
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locomotives  in  many  places.  Siemens  <fe  Halske  say  that  this  is 
the  best  thing  they  have  ever  seen,  and  I  think  their  judgment 
is  better  than  mine. 

Mr.  OhcrUn  Sniith. — It  seems  to  me,  at  the  first  glance,  and 
after  having  tried  to  pick  holes  in  this  scheme,  that  possibly  it 
may  be  a  pretty  good  thing.  Probably  it  will  strike  a  number 
of  us  here,  Why  didn't  we  think  of  that  ourselves  ?  That  idea 
of  the  air  chamber  looks  good.  Of  course,  we  do  not  know  what 
the  troubles  may  be.  The  mechanical  part  seems  to  be  well 
arranged.  The  question  was  brought  up  just  now  about  the 
leakage  of  current  by  creeping  over  the  damp  surfaces  from  the 
wire  on  to  the  walls  of  the  inverted  trough,  etc.  Probably  that 
is  the  chief  trouble  to  contend  with.  How  great  that  is  or  will 
be.  of  course  we  cannot  tell.  It  seems  to  me  that  here  is  where 
the  pith  of  the  whole  experiment  lies.  The  matter  of  not  being 
able  to  run  over  so  many  miles  need  not  come  in,  because  we 
can  run  feeder  wires,  as  usual.  Thus  it  might  not  be  necessary 
to  put  such  a  tremendous  big  conductor  in  there,  after  all. 

'\fr.  Partridge. — For  some  time  I  lived  near  the  line  of  the 
Tenth  Avenue  cable  road,  and  I  watched  the  conditions  under 
which  that  conduit  was  flooded  very  carefully.  It  was  a  sur- 
prising thing  to  me  that  the  number  of  days  in  the  year  on  which 
water  found  its  way  into  the  slot  was  very  small.  I  think  there 
were  some  years  in  which  there  were  not  more  than  ten  days 
when  water  ran  into  any  part  of  the  slot  from  145th  Street  to 
190th  Street.  When  we  consider  the  fact  that  frequent  runs 
and  good  drainage  bring  up  the  ventilation  to  a  pretty  high 
degree,  perhaps  we  shall  find  that  the  condition  of  the  air  in 
the  conduit  is  not  as  bad  as  we  have  heretofore  supposed  it 
to  be. 

Jfr.  Perry. — It  is  not  a  question  of  the  amount  of  copper  which 
you  carr}'  in  the  trolley  wire,  because  you  can  make  your  feed- 
ing intervals  as  short  as  you  choose.  You  can  make  your  trolley 
wire  as  small  as  you  choose,  for  that  matter,  but  the  question  is, 
how  are  we  going  to  get  our  current  to  feed  into  it  at  a  distance 
of  fto  many  miles  ?  It  is  not  a  question  of  opinion  what  the  drop 
will  1)0.  It  is  an  electric  law  that  the  drop  on  a  line  is  equal  to 
the  current  which  that  line  carries,  multiplied  by  the  resistance; 
^'P  is  erpial  to  the  drop  in  potential.  If  you  use  a  large  copper 
wire  you  will  decrease  that  drop.  With  a  given  wire,  if  you  use 
twice  as  much  current  at  a  given  distance  your  drop  will  be 
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twice  as  large,  and  the  question  comes  in  whether  the  interest 
on  the  investment  of  the  increased  amount  of  copper  to  decrease 
that  drop  will  amount  to  more  than  the  benefit  gained.  Sir 
William  Thomson's  law  is  that  the  conductor  of  most  economi- 
cal size  for  carrying  currents  is  that  on  which  the  interest  on 
the  investment  is  equal  to  the  cost  of  horse-power  lost  in  trans- 
mission ;  this  law  is  subject  to  some  minor  modifications,  but  as 
a  general  truth  is  accepted  by  all  electrical  engineers  every- 
where. Now  if,  on  the  other  hand,  we  save  copper  by  increasing 
our  potential,  as  we  try  to  do,  and  as  they  do  in  the  alternating 
current,  and  then  reducing  down  to  low  potential  for  use,  we  run 
the  risk  of  losing  a  larger  amount  through  leakage.  The  higher 
the  potential  the  greater  the  leakage  across  the  insulating  sur- 
face. If  your  insulating  surfaces  are  perfectly  dry  and  the 
conditions  are  very  favorable,  the  leakage  will  be  very  small 
comparatively  wdth  a  given  potential.  But  if,  as  is  apt  to  be 
the  case  in  a  conduit,  our  atmosphere  is  damp,  the  best  insu- 
lating materials  which  we  know  of  will  carry  current  along  their 
surfaces  by  creepage.  The  only  way  in  which  we  can  increase 
the  insulation  along  the  insulating  surfaces  is  by  increasing  the 
length  of  the  surfaces.  In  our  conduits  that  distance  is  limited 
by  the  size  of  the  conduit,  and  in  this  particular  conduit  it  seems 
to  be  very  limited.  In  the  overhead  structure  our  wires  are 
twenty-two  feet,  we  will  say,  above  the  roadbed.  There  is  a 
wire,  which  may  be  of  insulating  material,  carried  to  the  poles, 
and  the  creepage  has  to  go  over  that  wire  and  then  down  to  the 
ground  in  order  to  make  any  leakage  at  all.  The  great  difficulty 
w4th  our  conduit  systems  is  that  that  distance  over  which  that 
creepage  has  to  go  is  necessarily  very  short.  Another  difficulty 
is  that  the  atmosphere  under  the  ground  is  apt  to  be  very  much 
damper  than  it  is  above  the  ground,  and  the  usual  way  sug- 
gested for  overcoming  surface  leakage  due  to  dampness  is  to 
reduce  our  potential.  If  we  do  that,  we  have  the  other  difficulty 
of  being  compelled  to  use  so  much  copper. 

J/r.  Fred.  A.  Schjffier. — Mr.  Henning  made  a  statement  which 
I  would  not  like  to  see  go  on  the  records  of  the  Society  without 
asking  him  a  question  about  it.  I  would  like  to  have  Mr.  Hen- 
ning jDoint  out  one  place  in  the  United  States  or  anywhere  else 
where  they  are  operating  steam  railroads  by  electricity  or 
trolley  wires  or  other  connections  of  the  same  kind,  where  the 
locomotive  is  not  generating  its  own  electricity,  or  where  it  is 
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not  nndergrouiid  in  mining  use,  or  in  a  tunnel  similar  to  tlie 
Baltimore  and  Ohio  tunnel,  wliicli  is  about  to  be  operated  bj 
electricity.  Those  and  coal  mines  are  the  only  places  in  which 
I  know  electricity  is  actually  used  in  hauling  by  locomotives. 

Tlu  Cluiirman. —  I  suppose  Mr.  Henning  referred  to  the  trol- 
ley cars. 

J//'.  Sclieffier. — Those  are  not  locomotives. 

Mr,  Henning, — I  was  speaking  of  operating  a  railway  line 
doing  a  considerable  business  by  electricity.  We  have  the 
Southwark  Division  of  the  District  Railway  in  London.  We 
have  the  new  engine  constructed  for  the  Baltimore  and  Ohio.  Of 
Course,  I  am  not  speaking  of  running  a  steam  road  or  a  trunk- 
line  by  electricity.  That  was  not  my  point.  I  am  speaking  of 
a  railroad  operated  by  electric  locomotives. 

J/r.  Scheffler. — I  wish  to  state  that  the  discussion  which  you 
referred  to  happened  to  strike  me,  as  I  was  the  originator  of  it, 
I  believe,  at  Cincinnati,  and  I  think  the  remarks  and  the  state- 
ments that  I  made  at  the  time,  figures  and  costs,  etc.,  would  hold 
good  to-day,  except  the  prices  of  material.  These  have  been 
reduced. 

J/r.  Henninrj. — I  want  to  say  that  at  that  time  the  object  of  the 
paper  seemed,  indeed,  to  all  of  us  to  be  to  show  that  a  surface 
railroad  could  not  be  economically  operated  by  electricity,  and 
those  figures  were  pretty  big  figures  to  show  that  it  was  a 
physical  impossibility.  Therefore,  I  wish  to  say  now  that  such 
things  since  that  time  have  been  put  into  operation,  and  that 
there  are  economical  installations  operated  by  electricity. 

Jf/\  Hale. — Another  statement  was  made  which  I  think  should 
be  corrected,  about  voltage.  I  believe  that  the  amount  of  cop- 
per required  decreases  as  the  square  of  the  voltage.  If  we 
double  the  voltage  we  only  need  one-fourth  as  much  copper. 
If  we  halve  the  voltage  we  need  four  times  as  much  copper. 

J/r.  OherUn  Sraith. — There  is  a  rumor  in  the  air  (which,  of 
course,  we  don't  believe)  that  Mr.  Scheffler  is  the  gentleman 
who  believes  in  running  electric  railroads  with  steam  locomo- 
tives. But  I  want  to  call  attention  to  another  electric  road 
which  is  successfully  running.  I  refer  to  the  Liverpool  Over- 
head Railway.  Probably  he  would  say  that  the  vehicles  thereon 
are  not  locomotives,  they  are  simply  cars.  I  do  not  see  what  is 
tlie  difiTerence.  A  thing  is  a  locomotive  if  it  drives  itself.  So 
Mr.  Henning's  remarks  are  a  good  deal  to  the  point.     Although 
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sucli  machines  are  not  running  everywhere,  there  are  several  of 
them  running,  on  the  whole. 

In  regard  to  that  inverted  trough  shown  in  the  sketch,  it 
seems  to  me  that  if  the  whole  inside  was  lined  with  a  sheet  of 
insulating  material,  following  the  contour  of  it,  there  would 
be  a  pretty  good  chance  for  getting  a  long  length  of  insulating 
surface  to  avoid  creepage  of  current. 

Mr,  Arthur  E.  Childs, — The  author  in  his  paper  has  touched 
on  all  the  points  of  the  electric  railroad  as  it  exists  to-day,  and 
he  has  entitled  his  paper  "  Present  and  Prospective  Develop- 
ment of  Electric  Railroads."  Now,  after  carefully  reading  his 
paper  several  times,  I  have  failed  to  discover  much  description 
of  prospective  development.  The  only  paragraph  which  refers 
to  that  at  all  is  the  next  to  the  last,  where  he  speaks  of  alter- 
nating-current apparatus  as  possibly  doing  something  for  the 
future.  I  would  like  to  call  the  attention  of  the  meeting  to  the 
fact  that  the  alternating  current  is  going  to  play,  in  long-distance 
transmission  of  power  for  electric  railroads,  a  very  important 
part  in  the  near  future.  The  continuous  current,  at  five  hun- 
dred volts  pressure,  is  at  present  used  up  to  about  twenty-five 
miles — possibly  two  miles  further  than  that.  When,  however, 
we  get  to  distances  greater  than  that,  the  cost  of  transmitting 
the  necessary  power  becomes  so  great,  the  waste  in  the  line 
becomes  so  great,  and  the  total  cost  is  so  much  increased,  that 
railroad  men  have  hesitated  to  extend  their  lines  further  without 
building  additional  power-houses.  The  future  prospect  for  elec- 
tric railroads  which  will  run  in  country  districts,  and  between 
towns  and  country  villages,  is  that  it  will  not  be  a  conduit  rail- 
road, for  the  reasons  which  were  given  by  one  of  the  previous 
speakers  as  to  the  cost  of  construction  and  the  cost  of  the 
copper  necessary  to  carry  the  current  at  a  low  voltage.  There- 
fore, engineers  in  the  past  few  months  have  been  turning  to  the 
alternating  current  as  a  means  of  helping  them  out  in  this  ques- 
tion of  long-distance  transmission.  Several  important  schemes 
have  been  placed  on  foot,  such  as  the  railroad  which  is  being 
built  now,  in  sections,  between  Harrisburg  and  Philadelphia,  and 
between  Jersey  City  and  Philadelphia,  and  between  Baltimore 
and  Philadelphia — three  great  lines  which  are  planned  and 
which  will  doubtless  be  built  within  the  next  two  years.  Those 
railroads  are  seriously  considering  the  application  of  the  alter- 
nating current  to  their  systems.     The  single-phase  alternating- 
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current  system  is  suitable,  except,  unfortunately,  when  we  come 
to  tbe  motors.  We  have  yet  to  see  an  alternating-current  motor 
which  will  start  with  a  load  and  continue,  with  a  full  load,  with 
anv  sort  of  efficiency,  using  a  single-phase  current.  The  tri-phase 
and  the  two-phase  currents  have  been  tested  in  various  ways, 
and  at  Niagara  Falls  to-day  we  see  the  Westinghouse  Company 
putting  in  a  two-phase  system  which  is  to  transmit  power  for 
loner  distances ;  and  the  flexibility  of  the  two-phase  system  is 
such  that  a  direct  current  at  five  hundred  volts  potential,  a 
two-phase  alternating  current,  and  an  alternating  current  for  arc 
and  incandescent  liglits  can  all  be  taken  from  it.  When  you  con- 
sider that  such  a  system  exists  you  will  not  be  surprised  that 
railroad  men  turn  to  this  system  to  help  them  out  with  their 
long-distance  transmission  schemes.  They  propose  to  build 
central  stations,  or  one  large  central  station,  near  a  water  power, 
if  they  can  get  it,  or,  if  they  cannot,  near  an  easy  coal  supply, 
where  the  power  will  be  generated  and  transmitted  at  high 
voltages,  from  five  to  ten  thousand  volts,  to  sub-stations  at  dis- 
tances of  fifteen,  twenty,  or  twenty-five  miles,  as  the  case  may 
be,  and  there  transformed  or  lowered  to  the  necessary  potential, 
five  hundred  volts,  which  is  the  accepted  potential  at  present 
for  motor-cars.  Another  point  which  has  a  bearing  on  this  sub- 
ject is  the  fact  that  these  railroad  companies  are  aiming  to 
secure  the  privilege  of  lighting  the  streets  and  houses  of  the 
towns  through  which  the  railroads  pass,  thus  increasing  their 
sources  of  revenue.  Now,  to  do  this,  of  course,  they  must  have 
a  system  which  is  flexible  enough  for  these  difi'erent  purposes. 
In  the  near  future  we  may  expect  to  see  this  two-phase  system 
developed  in  such  a  way  that  it  will  be  available  for  such  pur- 
poses. At  the  present  time  it  seems  to  be  the  one  great  hope 
of  electrical  engineers  in  this  particular  line  of  work,  and  we 
are  all  looking  forward  to  these  roads  which  are  being  built,  and 
which  will  very  soon — within  a  few  months — decide  jDositively 
on  the  system  which  they  will  use  in  this  work. 

J/r.  W.  E.  Partridge. — We  have  cars  which  are  not  locomo- 
tives, though  they  are  self-propelled,  running  all  around  the 
country,  and  we  have  a  variety  of  street-railway  appliances  for 
transporting  passengers.  One  of  the  things  that  I  am  much 
int^^ rested  in  just  now  is  the  thing  which  comes  between  the 
rail  and  the  car,  that  is,  the  wheel.  What  are  we  going  to  mount 
these  cars  on  for  wheels  ?     We  are  using  cast-iron  wheels  with 


UEVELOPMEXT   OF   ELECTRIC   TRAMWAYS.  529 

chilled  treads  at  the  present  time,  and  they  are  wearing  on  some 
roads  to  the  extent  of  76,000  and  80,000  miles,  and  on  some  other 
roads  they  are  wearing  16,000  miles.  They  are  loaded  any- 
where from  6,000  to  8,000  pounds,  and  on  several  roads  they 
have  9,000  pounds  per  wheeL  The  heaviest  Pullman  cars  run- 
ning only  put  about  7,500  pounds  on  their  wheels,  and  they  are 
not  used  for  driving  wheels.  A  trolley  wheel  running  on  a 
curve  and  being  used  for  a  driver  acts  very  much  like  an  old- 
fashioned  paddle-wheel  in  the  water.  There  is  about  25  per 
cent,  slip,  as  near  as  I  can  roughly  measure  it.  When  you  put 
a  cast-iron  wheel  grinding  on  a  track  which  is  covered  with  sand 
and  dirt,  and  lubricated  with  the  street  water,  you  are  attempt- 
ing to  use  an  emery  wheel  for  a  driving  wheel,  and  it  is  pretty 
destructive  on  the  rail,  and  it  is  excessively  destructive  to  the 
wheel.  If  any  gentleman  knows  anything  better  for  a  wheel, 
anything  that  will  last  better  than  cast  iron,  I  should  be  very 
much  interested  to  hear  from  him. 

Mr.  Jos.  C,  Piatt, — In  a  conversation  in  one  of  the  Pennsyl- 
vania coal  fields  a  few  days  ago  with  a  gentleman  who  was  en- 
gaged in  putting  in  haulage  plants,  he  spoke  about  the  wear  of 
mine  wheels.  I  am  not  positive  now  whether  this  was  under 
steam  locomotives  or  electric  locomotives.  But  he  spoke  about 
the  very  rapid  wear  of  mine  wheels  under  such  circumstances, 
and  said  that  although  the  manganese  steel  wheels  made  at 
High  Bridge,  New  Jersey,  cost  a  great  deal  more  than  any  other 
wheel,  they  wore  so  much  longer  that  it  was  profitable  to  put 
them  in.  Of  course,  the  wet  coal  dirt  is  not  as  bad  in  its 
cutting  efi'ect  as  wet  sand,  and  therefore  it  is  a  little  further 
removed  from  the  emery  wheel. 

Mr.  John  Piatt. — On  the  6th  page  of  the  paper  Mr.  Field 
makes  a  statement  with  which  I  think  we  shall  all  most  heartily 
agree ;  at  least,  those  of  us  who  are  not  particularly  connected 
with  some  other  system  of  electric  traction.  In  speaking  of 
underground  conduit  systems,  he  says :  ^'  Underground  con- 
duits, or  the  placing  of  the  trolley  wire  with  all  its  feeders 
under  the  surface  of  the  street,  is  the  ultimate  and  desirable 
result  to  be  obtained  in  our  large  city  lines."  In  this  connec- 
tion I  would  like  to  refer  to  the  sketch  of  a  system  I  saw  work- 
ing in  Massachusetts  a  few  weeks  ago.  It  possesses  some  novel 
features,  which  may  lead  to  some  of  the  results  which  have  been 
spoken  of  as  being  desirable — preventing  leakage,  and  the  pro- 
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tectiou  of  the  conductors.  Referring  to  sketch  (Fig.  158\  A  is  an 
elastic  insulating  envelope,  the  plant  in  question  having  a  rub- 
ber tube,  two  and  a  half  inches  in  diameter  inside  by  about 
half  an  inch  in  thickness.  A  conductor,  B^  is  fastened  to  the 
bottom  of  the  tube,  and  on  the  top  a  series  of  copper  strips,  C, 
about  six  inches  long,  are  fastened  to  other  contact  strips,  D,  on 
the  outside.  A  trolley,  F,  carrying  four  wheels,  F,  operated  from 
the  platform  of  the  car,  presses  on  the  strips,  D,  depresses  the 
envelope,  and  makes  contact  between  the  strips,  C,  and  the  con- 
ductor, B,  contact  only  being  made  at  the  points  where  cars  are 
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Fig.  158. 

passing.  The  trolley  and  wheels  are  so  constructed  that  they 
adjust  themselves  to  any  inequality  in  the  track  ;  the  slot  is  to 
one  side  of  the  conduit,  so  that  any  water  running  into  it  does 
not  fall  on  the  conductor.  It  occurred  to  me  that  this  construction 
might  bo  of  interest  to  some  of  the  members  present,  and  I  shall 
be  glad  if  some  of  our  electrical  friends  can  give  us  information 
as  to  whether  such  a  construction  would  be  likely  to  last  under 
ground  for  any  length  of  time.  The  points  which  I  have  heard 
raised  against  it  are  as  to  cost  and  as  to  the  possibility  of  making 
such  an  elar.tic  insulating  envelope. 

Mr.  J'rrry.—  l  am  sorry  that  Mr.  Field  has  not  gone  further 
into  the  possible  future  methods  of  distributing  current  for 
electric  traction.  As  a  previous  speaker  has  said,  the  alternat- 
ing current  seems  to  have  a  very  great  future  before  it,  as  the 
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facility  with  which  it  permits  of  transformation  from  high  poten- 
tial down  to  low  potential  enables  us  to  transmit  our  energy 
economically  at  high  potential,  and  then  to  reduce  it  for  use  to 
low  potential.  The  same  speaker  said  that  the  ordinary  five- 
hundred-volt  current  could  be  carried  twenty-five  miles.  I 
should  rather  doubt  that.  I  do  not  believe  there  is  to-day  any 
five-hundred-volt  current  being  carried  half  that  distance.  It 
would  not  pay  to  carry  it  that  distance.  The  great  bugbear  to 
the  multiple  arc  system,  w^hich  is  being  used  now  extensively, 
and  which  involves  all  of  these  devices  for  utilizing  referred  to, 
is  that  it  has  this  drop  in  the  potential  at  the  further  end  of  the 
line,  which  is  the  product  of  the  current  into  resistance  of  the  line. 
Now,  in  laying  out  an  electric  installation  such  as  an  electric  rail- 
way, we  must  assume  that  there  will  be  a  certain  maximum  load 
and  provide  for  it,  so  as  not  to  have  the  drop  in  the  line  exceed  a 
figure  which  is  permissible.  But  in  an  electric  railway  we  have 
a  variable  load,  which  may  be  at  the  very  end  of  the  line,  or  it 
may  be  very  near  the  station,  and  we  have  to  prepare  for  some- 
thing which  we  cannot  foresee.  We  will  lay  out  the  size  of  our 
conductors  so  as  to  be  the  most  economical  under  one  assumed 
condition,  but  that  one  assumed  condition  may  exist  for  a  few 
minutes  only  during  the  whole  twenty-four  hours.  During  the 
rest  of  the  time  our  plant  is  working  uneconomically  either 
because  of  too  much  copper  or  not  enough.  The  drop  in  poten- 
tial may  be  overcome  by  increasing  the  potential  at  our  gener- 
ator, so  that  if  we  have  double  the  load  in  our  line  and  double 
our  voltage,  our  loss  will  still  be  the  same  ;  but  if  we  could  keep 
our  current  constant  and  vary  the  energy  transmitted  by  vary- 
ing our  potential,  we  would  have  then  a  system  laid  out  on  a 
plan  which  would  be  the  most  economical  whatever  the  load  or 
whatever  its  position  with  regard  to  the  station.  As  it  is,  with 
the  multiple  arc  system  we  cannot  vary  the  size  of  our  copper. 
Our  variable  there  is  the  current.  Our  loss  in  the  line  is  pro- 
portioned to  the  square  of  the  current,  so  that,  as  two  cars  are 
put  on,  four  times  the  loss  in  the  line  is  inevitable.  If  we  have, 
as  we  must  have,  our  copper  constant,  and  our  resistances  con- 
stant, and  then  vary  the  pressure,  we  can  install  once  for  all  the 
most  economical  sized  conductor.  That  would  involve  a  series 
method  of  distribution,  such  as  we  have  in  the  arc-light  system. 
The  same  current,  about  ten  amperes,  goes  through  one  lamp 
and  then  through  the  second,  and  so  on  all  around  the  circuit. 
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As  lamps  are  added,  resistances,  of  course,  are  added,  but  the 
electromotive  force  is  increased  at  the  dynamo  automatically 
in  order  to  overcome  those  resistances.  The  series  method  for 
distribution,  for  moving  translating  devices,  has  not  been  suc- 
cessfully applied  heretofore  on  account  of  the  difficulty  of  in- 
troducing a  moving  translating  device  into  a  circuit  in  series 
with  other  moving  translating  devices.  Mr.  Brush,  when  lie  was 
first  working  on  the  arc-light  distribution,  used  that  method  of 
distributing  the  current,  and  he  found  that,  because  the  irregu- 
larities of  the  line  were  cumulative,  those  of  each  lamp  being 
added  to  those  of  all  others,  that  the  number  of  lamps  which  he 
could  successfully  work  by  the  series  method  was  about  three. 
He  finally  invented  what  was  known  as  the  "  automatic  cut-out," 
so  that  when  one  lamp  was  accidentally  put  out  the  current  was 
shunted,  and  in  that  way  solved  the  problem  of  series  distribu- 
tion to  stationary  translating  devices,  so  that  it  is  theoretically 
possible  to  put  any  number  of  lamps  on  the  line,  and  the  prac- 
tice is  now  to  increase  the  number  up  to  two  hundred  lamps, 
whereas  two  years  ago  sixty  or  sixty-five  lamps  was  about  the 
largest  number.  In  increasing  the  distance  to  which  we  are 
going  to  send  our  current,  to  double  it,  we  have  to  put  in  four 
times  the  amount  of  copper  by  the  present  methods,  and  this 
maybe  economical  for  one  moment  in  the  day,  and  uneconomical 
for  the  rest  of  the  time. 

By  the  constant  current  method  of  distribution,  if  the  copper 
installed  is  the  most  economical  for  any  one  load  under  given 
conditions  of  distance,  it  will  always  remain  the  most  economical, 
whatever  the  change  of  load  or  its  position.  Or,  in  other  words, 
if  we  can  assume  the  traffic  to  be  strictly  proportional  to  the 
length  of  road,  our  investment  in  copper,  if  the  constant  current 
system  be  employed,  will  be  strictly  proportional  to  the  distance 
and  also  to  the  traffic.  Compare  this  with  present  methods, 
where,  under  ideal  conditions,  the  investment  must  increase  as 
the  square  of  those  factors,  and  we  see  at  once  the  enormous 
atlvantages  possessed  by  the  series  system  in  cost  of  installation 
alone.  Then  as  to  operating  expenses.  In  series  distribution, 
if  tlie  bnislies  be  reversed  when  bringing  the  car  to  rest  or  in 
checking  its  speed  on  a  descending  grade,  the  motor  becomes 
a  generator  in  series  with  the  one  at  the  power  station,  driven 
by  the  mf>mentum  of  the  car,  or  gravity,  and  therefore  con- 
tributes energy  to  the  line  to  the  last  turn  of  the  wheels.     Thus 
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the  energy  expended  in  bringing  a  car  up  a  grade  or  in  accel- 
eration is  recovered  for  use  again  by  electrically  braking  the  car 
as  it  descends  the  grade  or  is  brought  to  rest,  instead  of  being 
frittered  away  as  heat  on  the  brake-shoe,  as  in  present  practice. 
The  possible  saving  in  operating  expenses  in  this  way  is  doubt- 
less far  greater  than  most  of  us  would  suppose. 

Lieutenant  Sprague  made  some  tests  on  the  Third  Avenue 
(Brooklyn,  N.  Y.)  road  some  years  ago  to  determine  just  how  the 
energy  transmitted  was  utilized.  If  I  recollect  rightly,  he  found 
that  83  per  cent,  of  all  the  energy  generated  on  his  car  was  util- 
ized in  overcoming  the  inertia  of  his  car  and  gravity,  and  only 
17  per  cent,  was  used  for  traction. 

But  the  series  system  for  railways  has  heretofore  failed  for 
the  same  reason  that  it  failed  for  arc-lamps  at  first.  The  inven- 
tion of  the  automatic  cut-out  converted  what  was  a  failure  with 
the  arc-lamp  into  a  most  unqualified  success.  The  automatic 
cut-out  for  moving  translating  devices  has  now  been  invented, 
and  this,  together  with  some  additional  improvements  that  have 
been  made,  whereby  the  potentials  required  may  be  kept  within 
limits,  has,  I  believe,  put  the  series  electric  road  in  the  same 
position  as  regards  practicability  as  the  series  arc-lamp  has 
long  occupied. 

Mr.  Oberlin  Smith. — I  agree  with  the  last  speaker  that  the 
series  system  is  the  ideal  one,  and  very  likely  will  be  the  future 
one  if  anybody  can  succeed  in  inventing  a  good  one,  which  has 
not  been  done  yet.  One  of  the  greatest  objections  that  naturally 
occurs  to  us,  of  course,  is  that  with  that  system  we  would  have 
to  have  such  an  enormous  potential  at  the  beginning  of  the  line 
that  it  would  be  a  dangerous  current.  Whether  that  could  be 
made  entirely  safe,  I  do  not  know.  He  said  he  did  not  believe 
there  was  a  line  running  half  of  twenty-five  miles.  I  would  say 
there  is  a  line  running  in  front  of  my  office  where  the  current 
is  carried  thirteen  miles.  There  is  a  perceptible  drop  in  the 
current,  but  nothing  to  prevent  the  road  from  running  smoothly. 

Mr.  George  I.  RockwoocL — Mr.  Field  suggests  that  steam 
engines  appropriate  for  electrical  work  should  be  of  the  same 
kind  as  those  used  for  rolling-mill  work,  his  reason  being  that 
as  the  load  fluctuates  violently  in  both  classes  of  work,  and  as 
the  rolling-mill  engine  is  found  to  be  a  success  in  furnishing 
power  to  rolls,  it  must  be  the  only  proper  kind  to  use  in  elec- 
trical stations. 
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The  idea  most  of  us  have  of  a  rolling-mill  engine  is  one  hav- 
m<y  its  cylinders  over  the  crank-shaft,  short  stroke,  and  high- 
speeded.  However,  in  rolling-mills  we  like  to  have  a  small 
space  occupied  by  the  engine  to  allow  of  free  access  to  the  rolls, 
a  feature  not  necessarily  all-controlling  in  electrical  stations. 
Roallv,  the  only  fundamental  advantage  of  the  rolling-mill  type 
of  euf^ine  for  direct-connected  generators  lies  in  the  fact  that  a 
lly-w*heel  of  small  diameter  and  high-speeded  is  less  liable  to 
break  off  the  arms  wdien  suddenly  stopped  than  a  larger  wheel 
running  at  the  same  rim  speed  but  at  a  less  number  of  turns 
per  minute.  The  stress  and  strains  set  up  in  the  reciprocating 
parts  by  sudden  stoppage  of  their  motion  are  of  small  moment 
when  compared  with  the  danger  of  exploding  a  cast-iron  fly- 
wheel. I  believe  thoroughly  in  the  advantages  of  a  built-up, 
wrought-iron  fly-wdieel  for  engines  carrying  generator  armatures 
on  their  crank  shafts. 

The  whole  problem,  viewed  from  the  standpoint  of  safety 
under  wrenching  stresses,  is  solved  when  a  fy-icheel  is  made 
which  wall  stand  jerks. 

Mr.  C.  J.  FielcL* — The  paper  was  projected  as  a  condensed 
summary  of  the  subject,  and  was  not  intended  or  expected,  on 
account  of  the  length  to  which  it  would  have  extended,  to  go 
into  details  and  particulars  in  all  branches.  As  to  the  future 
development,  the  writer  only  indicated  in  a  measure  what  lines 
he  thought  it  would  take,  and  therefore  did  not  attempt  an 
extended  description  of  the  probable  development  of  alternating 
multiphase  currents  for  railway  and  power  work.  Undoubtedly 
tliis  branch  is  going  to  be  one  of  the  most  extended  and  inter- 
esting parts  of  long-distance  railway  distribution  in  the  next 
few  years,  but  it  is  a  branch  which  should  be  treated  separately 
and  by  itself. 

Witli  this  explanation  of  the  purpose  of  my  paper,  I  will  take 
up  the  points  raised  by  the  different  parties. 

The  first  speaker,  Mr.  Henning,  deals  interestingly  with  the 
subject,  and  I  admire  his  commendable  zeal  in  trying  to  under- 
take to  show  where  electric  tramways  should  be  improved. 
The  speaker,  I  think  from  his  discussion,  shows  that  he  has  evi- 
dently looked  at  it  more  from  the  point  of  view  of  an  observant 
mechanical  engineer,  who,  seeing  some  of  the  difficulties  that 
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are  there  encountered,  has  not  been  sufficiently  acquainted  with 
the  practical  details  to  know  wherein  and  how  they  can  be 
remedied,  and  why  others  have  not  been  remedied.  Mr.  Hen- 
ning,  I  believe,  unjustly  condemns  too  widely  the  overhead 
trolley  system  as  it  stands  to-day.  I  believe,  as  stated  in 
the  paper,  that  this  system,  as  it  is  now  developed,  and  prop- 
erly built,  does  and  will  fill  the  requirements  of  a  large  pro- 
portion of  general  cases  in  the  majority  of  our  large  towns  and 
cities.  As  designed  and  built  by  the  best  engineers  to-day  it 
is  a  good  mechanical  and  electrical  job,  and  I  do  not  believe 
Mr.  Henning  realizes  to  the  full  extent  how  much  time,  energy, 
and  skill  have  been  expended  in  bringing  it  to  its  present  stage 
of  development  and  service.  When  we  realize  what  the  trolley 
is  actually  doing  in  giving  good  service,  and  the  stage  of  de- 
velopment to  which  it  has  been  brought  in  a  few  years,  as  com- 
pared with  the  many  years  of  development  on  other  traction 
systems,  we  can  in  a  measure  appreciate  more  fully  what  has 
been  done.  Electric  railways  to-day  are  giving  better  service 
than  any  other  system  of  traction. 

The  writer  stated  clearly  and  distinctly  his  views  on  the 
question  of  underground  conduits,  and  that  he  believed  they 
were  the  ultimate  and  desirable  result  to  be  reached  in  certain 
of  our  large  cities,  and  that  they  were  now  being  introduced  for 
that  purpose  on  a  successful  basis.  Experiments  have  been 
made  on  underground  conduits,  but  the  reasons  for  their  failure 
in  the  past  are  those  stated  in  the  paper.  There  are  those,  how- 
ever, now  being  built  in  Washington  and  New  York,  which,  I  be- 
lieve, will  be  beyond  question  successful,  and  will  be  shortly  fol- 
lowed by  their  introduction  into  other  cities.  These  conduits  are 
built  for  double  trolley  open  conduit,  with  insulated  feeders  run 
separately.  Any  conduit  to  be  successful  will  be,  in  a  majority 
of  cases,  a  double  trolley,  and  not  a  single  trolley  duct ;  that  is, 
it  will  have  two  wires  instead  of  one,  and  will  not  depend 
upon  the  track  for  return.  The  reason  for  this  is  that  the  insu- 
lation can  be  better  maintained,  and  liability  to  short  circuits 
more  easily  avoided.  The  conductors  in  the  conduit  should  be  a 
rod  of  fair  size,  or  angle  or  channel  iron,  with  proper  allowance 
for  expansion  and  contraction  ;  these  rods  should  be  broken  up 
into  sections,  in  order  to  localize  any  trouble  which  may  arise, 
and  each  section  should  be  fed  to  by  well- insulated  underground 
feeders.     Mr.  Henning  appears  to  have  a  very  limited  knowledge 
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of  the  cost  of  such  a  feeder  system.  The  writer  has  installed 
underground  feeders  for  overhead  trolley  in  a  number  of  cities, 
and  he  can  say  that  these  feeders  alone  cost,  with  their  conduit 
with  manholes,  etc.,  for  access,  about  double  that  of  the  over- 
head trolley  system  per  mile.  At  Buffalo  and  Philadelphia 
feeders  are  installed  in  this  manner  and  connected  to  the  track 
every  half  mile  or  so.  At  Philadelphia  the  feeders  and  mains 
are  placed  entirely  underground.  At  Buffalo  only  the  main 
feeders  are  so  placed. 

As  to  the  comparative  cost  of  the  underground  conduit,  we 
do  not  believe  that  any  successful  underground  conduit  will  be 
installed  at  less  than  twenty  to  thirty  thousand  dollars  per  mile 
of  single  track.     A  first-class  overhead  span  construction,  with 
iron  poles,  etc.,  under  the  conditions  of  highest  service,  can  be 
installed  for  a  cost  of  about  five  thousand  dollars  per  mile  of 
double  track,  exclusive  of  main  feeders.     One  of  the  main  costs 
of  an   underground   conduit  is  that   large  unknown   factor  of 
clearing  right  of  way  under  the  street.     This  is  going  to  make 
the  cost  of   an  open  electrical   conduit  with   proper   drainage 
equal  to  or  even  more  than  that  of  a  cable  conduit.     One  part 
where  the  cost  will  be  less  will  be  on  curves  and  special  work,  as 
these  will  cost  hardly  any  more  than  for  straight  work,  whereas 
in  cable  conduits  the  cost  runs  very  high  on  this  special  work. 
The  main  difficulty  to  be  overcome  in  a  conduit  is  insulation, 
and  this  is  a  subject  with  which  Mr.  Henning  has  had  very  little 
acquaintance  on  electric  work  when  he  says  that  tliere  are  over 
ten  thousand  different  forms  of  insulators  which  can  be  used. 
Experiments  have  been  made  with  almost  every  insulation,  and 
it  has  come  down  in  practical  results  to  three  or  four  different 
styles  or  kinds  of  insulation  which  are  at  all  practical ;  and 
porcelain,  with  some  secondary  insulation  added,  seems  to  have 
proved  the  most  successful.     Probal)ly  some  form  of  insulating 
material  which  is  used  on  overhead  construction,  such  as  com- 
pressed mica  and  asbestos  combined,  will  also  prove  satisfac- 
tory for  this  work.     It  is  not  a  question  of  absolute  short  cir- 
cuits or  grounds  so  much  as  it  is  a  question  of  surface  leakage. 
One   hardly  realizes,   unless    he    has    actually  looked   into   an 
undergrrjund  conduit,  the  slime,  filth,  and  other  matter  which 
are  in  it  and  afford  the  best  means  for  surface  leakage  ;   but, 
notwitliHtandiiig  all  these  difficulties,  there    is  no  doubt   that 
a  well-built  and  properly  drained  and  cared-for  conduit  can  be 
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successfully  operated,  and  this  year  will  see  several  good-sized 
commercial  systems  in  operation  in  this  country. 

The  system  Avhich  Mr.  Henning  mentions  as  having  been  built 
by  the  Siemens-Halske  Co.  at  Hamburg,  and  in  which  the  diving- 
bell  principle  is  used  for  keeping  the  water,  etc.,  away  from  the 
trolley,  is  the  Lachman  system,  and  was  installed  by  the  Siemens- 
Halske  Co.  as  an  experiment.  They  are  not  as  yet  ready  to  rec- 
ommend its  adoption  in  other  places,  as  they  have  not  thor- 
oughly tested  it  for  a  sufficient  time.  Those  who  have  had  large 
experience  in  the  matter  know  that  European  methods  in  this 
regard  are  different  from  those  in  this  country.  In  Europe  the 
manufacturer  installs  a  new  thing  at  his  own  expense,  and  thor- 
oughly experiments  with  it  and  demonstrates  its  success  or 
failure.  Then  he  is  ready  to  put  it  on  the  market.  In  this 
country  the  manufacturer  first  gets  an  order  for  a  new  thing, 
and  puts  it  in  after  having  made  a  short  shop  trial  of  it,  and  then 
experiments  with  it  at  the  expense  of  his  customer.  I  do  not 
wish  to  be  understood  as  unjustly  criticising  the  manufacturers, 
because  it  is  their  work  which  has  done  the  most  to  develop  the 
electrical  business  and  put  it  in  the  position  it  is  to-day ;  but 
there  is  no  question  that  an  unnecessary  amount  of  experimenting 
has  been  done  in  the  past  at  the  expense  of  the  customer.  This 
is  being  done  away  with  to  a  considerable  extent,  as  manufac- 
turers are  gainiug  more  good  experience  and  are  better  able 
to  turn  out  apparatus  as  contracted  for. 

The  conduit  in  question  at  Hamburg  was  not  placed  on  the 
ties,  but  on  a  special  shallow  yoke,  to  which  about  a  five-inch 
girder  rail  was  attached.  In  this  country,  with  our  deep  girder 
rails  of  nine  and  ten  inch  section,  it  is  possible  with  this  form 
of  duct  to  spike  it  directly  to  the  ties.  There  are  disadvantages, 
though,  in  these  shallow  ducts,  Avhich  I  think  have  hardly  been 
appreciated  by  Mr.  Henning  and  some  others.  If  such  a  duct 
can  be  made  successful,  there  is  no  question  but  that  it  can  be 
made  adaptable  for  many  cases  with  a  moderate  traffic ;  but 
where  the  road  has  a  heavy  traffic,  we  believe  a  conduit  of  the 
general  form  and  type  of  a  cable  duct,  and  somewhat  deeper, 
perhaps,  will  be  the  one  which  will  be  successful.  Shallow  ducts 
were  tried  on  cable  work,  and  proved  a  failure. 

The  Siemens-Halske  Co.  have  adopted  for  their  Buda-Pesth 
conduit  for  double-track  road  a  form  which  does  not  appear  to 
have  been  mentioned  in   this   discussion,  and   which    largely 
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reduces  the  cost  for  double-track  conduit.  They  make  a  special 
yoke,  which  goes  between  the  two  tracks,  in  which  the  two  con- 
duits are  placed  between  the  tracks,  close  to  each  rail.  This 
makes  one  excavation  instead  of  two,  and  one  joke,  wdth  man- 
holes placed  between,  Tvliere  they  are  accessible  at  all  times. 
The  trolley  or  plough  is  then  suspended  from  one  side  of  the 
car  instead  of  from  underneath. 

The  question  of  voltage  or  pressure  to  be  used  in  an  under- 
ground system  is  of  the  utmost  importance,  and  is  a  factor  which 
Mr.  Henning  does  not  appear  to  be  acquainted  with  or  to  appre- 
ciate. Of  course,  the  higher  the  pressure,  the  less  the  cost  of 
distributing  the  current ;  but  w'hen  it  comes  to  underground  con- 
duits, the  problem  of  insulation  increases  so  largely  in  difficulty 
that  it  is  conceded  that  the  most  successful  conduits  will  have 
a  lower  pressure  than  the  standard  of  present  overhead  trolley 
systems,  probably  one-half  or  two-thirds. 

Another  form  of  conduit  which  has  been  largely  experimented 
with,  and  on  Avhich  more  patents  have  been  taken  out  than  on 
any  other,  is  one  of  the  many  types  of  closed  conduit  in  which 
some  form  of  relay  or  magnet  is  used  to  cut  in  or  out  different 
sections  of  the  circuit.  This  conduit,  on  the  question  of  cost 
of  installation,  has  many  advantages,  and  if  a  surety  of  the  work- 
ing of  these  magnets  could  be  relied  upon,  it  would  undoubtedly 
be  a  very  practical  system. 

The  Johnson-Lundell  is  one  of  these  systems,  and  they  have 
in  New  York  city  an  experimental  road  of  about  2,000  feet  in 
length,  in  a  vacant  lot  up-town,  which  has  been  in  operation  for 
the  past  year.  The  owners  or  controllers  of  this  system  are  en- 
tliusiastic  believers  in  the  conduit,  have  had  a  large  experience 
on  electrical  matters,  and  thoroughly  understand  what  they  are 
undertaking ;  and  if  such  a  conduit  can  be  made  a  success,  they 
will  undoubtedly  make  it  so. 

Tlie  conduit  which  is  described  by  Mr.  Piatt  has  undoubtedly 
a  number  of  interesting  features,  but  we  think  the  main  diffi- 
culty with  such  a  form  of  conduit  will  be  the  question  of  flexible 
tubing  wliich  can  })e  maintained  and  kept  in  good  condition.  I 
do  not  believe  rubber  can  be  used  under  the  conditions  existing 
therein,  as  it  will  quickly  vulcanize  and  harden,  and  thus  fail 
to  operate. 

As  regards  the  comparative  leakage  or  loss  of  current  in  the 
overhead  and  underground  systems,  I  believe  that  in  a  well- 
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built  overhead  system,  as  now  being  put  up,  the  question  of 
leakage  is  a  very  small  matter — in  the  case  of  such  a  system  being 
less  than  one  per  cent.  Of  course  this  question  of  leakage  varies 
with  the  different  conditions  of  weather.  In  any  underground 
system,  no  matter  how  well  built,  the  surface  leakage  will  ex- 
ceed this  amount.  With  the  old  style  of  insulators  and  appa- 
ratus which  existed  a  number  of  years  ago,  the  leakage  on  over- 
head systems  was  a  very  large  matter,  but  it  is  reduced  now  to 
a  very  small  item,  as  above  stated.  In  the  case  of  a  heavy  sleet 
storm  that  covers  the  line,  there  might  be  an  increase  for  a  few 
hours.  But  a  conduit  contains  bare  conductors,  and  no  matter 
how  good  the  insulation  may  be,  on  account  of  the  dampness 
which  exists  there  a  large  portion  of  the  time  there  is  going  to 
be  more  leakage  than  in  an  overhead  system.  In  either  case, 
however,  it  is  less  than  it  is  generally  assumed  or  thought  to  be. 

As  to  the  question  of  the  distance  of  distribution  with  the  pres- 
ent standard  of  voltage — that  is,  five  or  six  hundred  volts — it 
is  simply  that  of  the  cost  of  copper,  and  that  results  in  the 
distance  being  simply  a  question  of  how  much  the  business  of 
that  line  will  stand  for  that  additional  investment,  and  also  in  the 
fact  that  the  less  the  number  of  power  stations,  the  less  the  cost 
per  car-mile  of  operation.  We  have  found  it  advantageous  where 
the  traffic  is  at  all  considerable  to  distribute  from  ten  to  twelve 
miles  either  way  from  power  house,  which  gives  the  distance, 
assumed  by  Mr.  Childs,  of  twenty-five  miles,  which  we  believe 
he  meant  as  a  total  distance,  and  not  twenty-five  miles  each  way 
from  the  powerhouse.  The  systems  in  many  of  our  large  cities, 
and  particularly  the  ones  which  have  suburban  extensions,  are 
running  twelve  to  fourteen  miles  in  a  number  of  cases.  Of  course, 
in  some  of  these  cases  there  is  a  considerable  loss  of  pressure 
at  the  extreme  ends  of  the  lines.  Where  sufficient  feeders  have 
been  installed,  an  auxiliary  installation  is  used  in  the  station 
for  operating  one  or  more  generators  at  a  higher  pressure  for 
feeding  these  long-distance  lines,  and  the  pressure  over  the 
system  is  thereby  better  maintained ;  and  on  any  large  system 
we  believe  this  should  be  installed.  Another  method  can  be 
used  in  this  connection  for  long-distance  distribution,  which  has 
been  devised  by  Mr.  W.  S.  Barstow,  of  the  Brooklyn  Edison  Co., 
in  which  a  small  auxiliary  motor  generator  is  used  to  increase 
directly  the  pressure  on  certain  long-distance  feeders. 

Mr.  Perry's  argument  in  favor  of  a  series  system  instead  of 
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parallel  system  is  a  sound  one  in  theory.  Mr.  Perry  mentions 
the  case  of  the  series  arc-lighting  system,  but  he  fails  to  state 
that  where  electric  light  and  power  plants  attempted  to  do  a 
considerable  amount  of  stationary  motor  work  on  their  series 
circuits  it  was  not  satisfactory,  and,  w^ith  the  exception  of  one  or 
two  plants,  a  majority  of  these— at  least  those  who  have  done  it 
on  any  extensive  scale — have  changed  over  to  multiple  system, 
and  use  standard  railway  apparatus  for  their  power  distribut- 
ing circuits. 

I  think  this  is  sufficient  proof  of  the  fact  that  the  multiple 
system,  although  it  is  at  a  disadvantage,  so  far  as  it  is  theoreti- 
cally concerned,  on  the  cost  of  distributing  the  current,  has  a 
strong  advantage  in  the  shape  of  apparatus  for  generating  the 
current,  and  also  for  utilizing  it  for  power  purposes  and  motors, 
both  stationary  and  railway.  The  series  system  of  railway 
motors  has  some  advantages  in  the  matter  of  returning  cur- 
rent into  the  line  when  the  car  is  running  down-hill,  and  in  some 
other  points,  but  they  are  not  sufficient,  up  to  the  present  time, 
to  warrant  its  introduction.  The  future  may  show  some  further 
improvements  and  extensions  in  this  regard. 

As  previously  stated  in  this  summary,  we  expressed  our 
opinion  as  to  the  future  of  alternating  power  distribution. 
There  is  no  question  that  the  larger  problems  which  are  now 
arising  will  be  so  handled,  as  stated  by  Mr.  Childs.  The 
writer  has  had  occasion,  to  make  some  estimates  on  long-dis- 
tance lines,  of  one  hundred  miles  or  more,  which  are  to  be  built 
very  shortly,  and  has  found  that  by  generating  the  current  at 
10,000  or  more  volts,  with  multiphase  current,  locating  these 
generating  stations  thirty  to  fifty  miles  apart,  according  to 
conditions  and  circumstances,  and  distributing  this  current  at 
high  potential  by  step-up  transformers,  then  reducing  it  by  step- 
down  transformers  and  converting  it  with  motor  generators,  or 
motors  and  generators,  to  a  direct  continuous  current,  that  we 
shall  in  this  manner  solve  the  question  of  long-distance  dis- 
tribution, and  utilize  our  present  form  of  motors.  This  will 
necessitate  the  location  of  small  transforming  stations  every 
ten  to  twenty  miles  along  the  line,  which  stations,  however, 
need  be  only  a  single  room,  with  one  or  two  of  these  genera- 
tors in  it,  and  will  be  practically  automatic  in  their  operation, 
and  will  n;quire  only  slight  attention  and  care.  Some  of  the 
manufacturers  and  inventors  are  going  still  further,  and  hope 
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to  use  alternating  currents  direct  on  the  motors,  after  they 
have  been  reduced,  without  converting  them  to  direct  currents  ; 
and  there  is  no  question  that  on  stationary  poAver  work  this  is 
and  will  be  successfully  done,  and  railway  motors  for  alternat- 
ing currents  are  proposed  to  be  built  by  some  manufacturers. 
In  all  cases  a  multiphase  current  will  be  utilized.  As  Mi'.  Childs 
states,  a  single-phase  motor  has  not  been  proven  successful  for 
motor  purposes,  in  that  a  single-phase  motor  which  will  start 
under  load  has  not  been  developed. 

We  have  to-day  in  this  country  a  number  of  examples  of  long- 
distance power-distributing  plants,  using  multiphase  current, 
and  the  largest  and  most  prominent  example  of  this  kind  is  the 
plant  at  Niagara,  now  almost  ready,  where  millions  of  dollars 
have  been  invested. 

The  writer  regrets,  although  the  discussion  of  the  paper  has 
been  very  interesting,  that,  especially  before  the  Mechanical 
Engineers'  Society,  the  parts  of  the  paper  which  relate  directly 
to  the  mechanical  engineer  were  not  more  fully  discussed.  He 
believes  that  the  mechanical  engineer  has  done  and  will  do 
much  toward  the  perfection  of  the  mechanical  details  of  electric 
railway  equipment  and  its  operation,  and  that  the  failures,  or 
partial  failures,  of  work  in  this  line,  in  some  cases  have  been 
due  to  the  lack  of  sufficient  mechanical  engineering. 

As  to  the  development  of  electric  traction  as  compared  with 
steam  railroads,  a  commencement  has  been  made,  and  a  fair 
one,  and  we  have  a  number  of  steam  roads  in  the  country  com- 
mencing to  adopt  the  system  for  some  special  cases  on  their 
roads.  This  will  lead  to  more  extended  work.  Some  of  these 
problems  I  have  indicated  in  the  paper.  There  is  no  question 
that  the  field  for  electric  traction  is  going  to  be  a  far  wider  one 
than  in  the  past,  and  the  future  development  in  these  different 
lines  is  almost  beyond  comprehension  and  foresight. 
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BY  W.   J.   KEEP,   DETROIT,    MICH. 

(Member  of  the  Society.) 

MONOGRAPH.  BASED   ON    TESTS    MADE    FOR    THE    COMMITTEE   ON 
UNIFORM   METHODS   OF   TESTING    MATERIALS. 

The  series  of  tests  wliicli  forms  the  groundwork  of  this  paper 
were  made  by  the  author  as  a  member  of  the  Committee  of  the 
American  Society  of  Mechanical  Engineers  on  Uniform  Standards 
in  Test  Specimens,  and  Methods  of  Testing  Materials.  It  is 
commonly  assumed  that  the  average  record  of  a  number  of  small 
test  bars  of  steel  will  indicate  with  sufficient  accuracy  the  qual- 
ity of  a  large  piece  of  the  same  steel.  Another  piece  of  steel, 
having  the  same  chemical  composition,  is  supposed  to  have  the 
same  physical  qualities. 

For  the  most  part  the  study  of  cast  iron  has  proceeded  on  the 
assumption  that  it  could  be  treated  in  the  same  manner  as  steel. 
This  view  is,  however,  entirely  incorrect.  Cast  iron  is  a  very 
complex  material,  composed  of  a  little  more  than  ninety  per  cent, 
of  pure  iron,  combined  both  chemically  and  mechanically  with 
various  metalloids,  the  principal  of  which  are  carbon,  silicon, 
phosphorus,  sulphur,  and  manganese.  The  material  could  not  be 
melted  and  cast  into  moulds  if  it  were  not  for  the  presence  of  the 
first  two,  and  it  seems  almost  impossible  to  prove  that  the  rest 
are  injurious.  We  mean  that,  in  such  small  quantities  as  they 
are  generally  found  in  merchantable  pig  iron,  they  do  no  harm, 
and  perhaps,  for  foundry  uses,  are  a  positive  benefit.  Carbon 
and  silicon  are  certainly  not  impurities.J 

*  Prt-sented  at  the  New  York  meeting  (December,  1894)  of  the  American  Society 
of  Mechanical  En^^ineers,  and  fomiing  part  of  Volume  XVI.  of  the  Transactions. 

\  Copy ri^'h led  189.J,  by  W.  J.  Keep. 

X  k  full  chemical  analysis  of  each  pair  of  test  bars  has  been  made  by  Mr.  R.  N. 
Dickmnn  (71  Atwattr  Building,  Cleveland,  O.),  jissif^ted  by  Mr.  John  Douglass, 
and  by  Mewsrs.  Dickman  and  Mackenzie,  1224  Rookery  Building,  Chicago. 

All  test  bars  I'd,  and  1'  O,  and  1  "  x  2  "  have  been  made  by  Professor  R.  C. 
Can)enter  and  Mr.  C.  E-  Houghton,  at  Sibley  College,  Cornell  University. 

All  2  '  n,  3"  D  and  4 "  D  test  bars  have  been  tested  by  Professor  C.  H.  Benja- 
min, assisted  by  Messrs.  Lyman  Marshall  and  L.  G.  Robbius,  at  Case  School  of 
Applif-d  Sciencefl,  Cleveland,  O. 

The  twelve  series  of  test  bars  were  made  at  the  Detroit  Stove  Works,  L. 
Crowley,  Superintendent. 
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Cast  iron  is  very  much  affected  by  any  change  in  chemical 
composition,  and  its  quality  depends  much  upon  the  size  or 
shape  of  a  casting. 

In  melting  cast  iron  the  heat  of  the  cupola,  the  intensity  of  the 
blast,  and  the  manned  in  which  the  melted  metal  is  handled,  have 
a  decided  effect  on  the  physical  character  of  the  casting.  Differ- 
eot  castings  poured  from  one  ladle  of  iron  will  vary  in  qualit}^ 
and  such  variation  cannot  be  explained  by  chemical  analysis, 
as  the  chemical  composition  seems  to  be  the  same  in  both.  The 
difference  seems  to  lie  in  a  different  crystalline  structure. 

Direct  Tests.— Such  irregularity  in  cast  iron,  which  was 
exjDected  to  give  uniform  results,  has  led  many  to  feel  that  the 
only  reliable  test  of  a  casting  was  to  break  one  which  was  an 
exact  duplicate.  Others  hold  that  the  test  piece  should  be  as 
nearly  as  possible  the  size  of  the  casting,  while  others  claim  that 
a  test  piece  should  be  of  such  a  size  that  it  should  be  an  average 
of  all  castings  made  in  a  foundry,  since  it  is  not  practicable  to 
make  one  the  size  of  each  casting,  and  because  each  casting  varies 
in  size  within  itself.  Some  have  suggested  that  a  model  be  made 
of  the  casting ;  but  this  is  the  most  incorrect  of  all,  as  a  change  of 
size  at  once  changes  the  whole  physical  character  of  cast  iron. 

Eelath^e  TESTS  are  such  as  are  applicable  to  every  case.  For 
such  a  test  any  size  of  test  piece  might  be  selected ;  and 
having  made  one  test  record,  every  other  record  by  the  same 
method  is  so  much  greater  or  less  than  the  original,  which  is 
regarded  as  standard.  There  is  a  direct  relation  between  the 
test  results  and  the  composition  of  the  iron,  also  between  these 
and  the  size  of  casting,  and  also  the  shape.  A  relationship  also 
exists  between  the  test  results  and  the  conditions  attending  the 
melting  and  handling  iron,  and  the  making  of  the  castings. 

It  would  be  well  to  fix  upon  a  given  size  of  test  piece,  which 
could  be  used  by  all,  and  a  definite  routine  in  producing  it 
should  be  prescribed  so  as  to  prevent  variations  in  conditions  as 
much  as  possible.  The  only  variable  would  then  be  composi- 
tion. The  test  results  would  then  in  regular  foundry  practice 
indicate  changes  in  composition.    If  the  composition  and  routine 

Additional  series  of  test  bars  are  to  be  made  from  wbite  iron,  car-wheel  iron, 
and  from  both  heavy  and  light  machinery  iron. 

Full  analysis  of  these  will  also  be  made  by  Mr.  Dickman. 

A  full  report  will  be  made  at  the  meeting  of  the  A.  S.  M.  E.,  to  beheld  lu 
Detroit  the  last  week  in  June,  1895. 
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in  each  case  was  known,  records  obtained  by  different  persons 
could  be  comparetl. 

It  is  the  object  of  this  paper  to  provide  a  means  for  determin- 
ing the  physical  quality  of  a  casting  of  any  size  or  shape,  from 
the  test  record  of  any  size  of  test  piece  which  it  may  be  thought 
best  to  use. 

The  Present  Series  of  Tests. — It  w^as  decided  to  make 
enough  test  bars  of  definite  composition,  and  of  such  sizes  as 
would  establish,  experimentally,  the  relationship  between  the 
physical  quality  of  test  bars  of  any  size  and  form  that  had  ever 
been  used  for  cast  iron.  We  could  then  make  rules,  and  con- 
struct charts,  by  which  a  test  record  of  any  size  of  test  bar  could 
be  deduced  from  the  record  of  a  test  bar  of  any  other  size.  We 
could  reconstruct  formulae  which  might  be  found  incorrect. 
We  could  show  by  charts  and  diagrams  the  influence  of  a 
change  in  composition  on  any  size  of  casting. 

Pig  Iron  for  Tests. — We  desired  to  use  gray  iron  with  as  low 
silicon  as  would  be  used  in  any  foundry  making  gray  iron  cast- 
ings. Iroquois  Furnace  Company,  of  Chicago,  sent  us  three  tons 
of  No.  3  Mai  Bessemer  pig  iron,  of  clear  uniform  gray  fracture, 
very  strong  and  tough  in  the  pig.  It  contained  TC  4.07,  GC  3.15, 
CC^O.O^,  P  0.23,  Si  0.8S,  S  0.035,  Mn  0.60.  (G.  D.  Chamberlain, 
Chemist.)    This  iron  was  made  from  Lake  Superior  ore  with  coke. 

The  Ashland  Iron  and  Steel  Company,  of  Ashland,  Wis.,  also 
sent  us  three  tons  of  charcoal  pig  iron,  brand  "  Hinkle,"  also 
from  lake  ores,  containing  TC  3.507,  GC  2.09,  CC  0.817,  P  0.13, 
Si  1.09,  S  0.015,  Mn  0.72.  (E.  E.  Johnston,  Chemist.)  Both  of 
these  companies  analyze  each  cast,  and  furnish  iron  on  a  guaran- 
teed analysis  when  required. 

The  "  Pencost "  ferro-silicon,  by  which  silicon  was  added  to 
these  irons,  was  made  at  Bessie  Furnace  in  the  Hocking  Valley 
district,  from  carbonaceous  ores  with  coke.  It  contained 
TC  2.fe3:^,  GC  2.072,  CC  0.761,  Si  10.87,  P  0.49,  S  0.142,  Mn  0.70 
(^ another  analysis  of  another  pig  gave  Si  10.27,  and  this  iron  was 
purchased  on  an  analysis  of  Si  14.77). 

The  following  analyses  have  since  been  made  by  Mr.  Dickman  : 


TC. 

GC. 

CC. 

Sl 

s. 

P. 

Mn. 

\TiH\WtlH 

4.05 
3.50 
2.79 

3.20 
2.73 
2.04 

.85 
.77 
.75 

.98 

1.03 

11.00 

.035 
.012 
.015 

.225 
.129 

.4«7 

49 

Hiukle 

Pencost 

.70 
67 
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We  would  have  been  glad  to  make  a  similar  series  with  Soutli- 
ern  pig  iron,  but  could  not  get  such  an  iron  in  time  with  a  guar- 
anteed analysis.  Series  13, 14,  and  15  are  from  a  regular  foundry 
mixture  of  numbers  2  and  3  foundry,  and  numbers  1  and  2  soft 
Southern  pig  (De  Bardeleben,  Ala.),  softened  with  a  Northern 
(Ky.)  silicon  iron,  containing  about  five  per  cent,  silicon.  Series 
16  is  from  C.  G.  Bretting  &  Co.'s  foundry,  xishland,  Wis.,  is  made 
of  one  half  No.  1  Hinkle  pig  iron  and  one  half  machinery  scrap, 
such  as  old  pulleys  and  the  scrap  from  an  old  matcher.  The 
castings  from  that  heat  consisted  of  pulleys,"  gears,  some  chilled 
work,  and  cylinder  packing  rings. 

Six  series  of  test  bars  were  made  with  Iroquois  pig  iron ;  six 
series  with  Hinkle  pig  iron ;  three  series  with  De  Bardeleben 
pig  iron ;  and  one  series  with  Hinkle  and  scrap  iron. 

All  series  were  melted  in  a  cupola  with  Connellsville  coke  ;  the 
first  twelve  series  were  each  melted  separately,  but  the  three 
De  Bardeleben  series  were  regular  foundry  mixtures  of  the 
Michigan  Stove  Company,  while  the  last  one  was  cast  from  a 
regular  foundry  mixture  with  "  Hinkle  "  pig  iron. 

Mr.  Dickman's  analysis  of  the  coke  used  in  the  first  twelve 
series  was  :  Fixed  carbon,  90.35;  volatile  matter,  0.94  ;ash,  8.71  = 
100.     Sulphur,  0.97  ;  phosphorus,  0.021. 

(A  full  analysis  of  the  half -inch  test  bars  of  each  of  these 
series  may  be  found  in  Tables  XYII.  and  XVIII.). 

DESCEirTiox  OF  Test  Bars. — Each  test  bar  for  transverse  test- 
ing was  cast  horizontal,  two  bars  exactly  alike  being  run  from  the 
same  gate,  which  was  set  so  as  to  feed  the  iron  from  the  under 
side  of  the  casting.  There  was  one  gate  near  each  end  of  the  mould. 
This  arrangement  would  make  the  lower  half  of  the  casting  solid, 
and  if  imperfections  had  appeared  on  the  upper  surface  they 
would  do  comparatively  little  harm,  as  each  bar  was  placed  in  the 
testing  machine  in  the  position  in  which  it  lay  in  the  mould.  Cast- 
iron  yokes  were  bedded  in  the  sand  so  that  parallel  iron  surfaces 
should  form  the  ends  of  the  mould  to  chill  each  end  of  the  bars, 
and  to  permit  of  the  measurement  of  the  shrinkage  of  the  bar. 

The  iron  charged  in  the  cupola  for  the  six  series  of  both 
Iroquois  and  Hinkle  contained  1.00, 1.50,  2.00,  2.50,  3.00,  and  3.50 
per  cent,  of  silicon,  which  would  represent  all  gray  iron  mixtures 
for  machinery  and  light  castings.  To  represent  all  sizes  of  test 
bars  in  use,  and  all  sizes  of  foundry  machine  castings,  the  follow- 
ing test  bars  were  made  in  each  series ; 
35 
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■:  test 
10  test 
2  test 
2  test 
2  test 
2  test 
2  test 
2  test 
2  test 
2  test 
2  test 
4  te>t 
2  test 


oars  ,0 
bars  i 
bars  1 
bars  1" 
bars  1  ' 
bars  1" 
bars  1  ' 
bars  1 
bars  2" 
bars  3 
bnrs  4  ' 
bars  ,%" 
bars  li' 


1" 


0" 


X    '4 

X  2 

D 
D 

n 
o 
o 


12'^ 
12 '\ 
14"/ 

26"  f 

50" 

50" 


Keep's  size 

Engineers  . 

i  Architects  . 


In  the  17  series 
there  were  612 
of  these   test 


a:  i  Water  works ^     ?^^«  for  testing 


26"  f 

26") 

26  '  )■  Heavy  castings 

26"  \ 

12")  ^ 

■,4"\  For  comparison 


transversely  or 
by  cross  break- 
ing. 


For  tensile  test  the  following  bars  were  made  in  each  series : 

Two  test  bars,  1^"  O  x  12  'with  spherical  heads;  two  test  bars, 
j[?"  O  X  6  '  with  spherical  heads  ;  two  test  bars,  1}"  O  xl5"  to  be 
turned  to  IV;  or  102  bars  in  all  for  tension. 

For  compression,  cylinders  were  turned  from  the  broken  ends 
of  the  last-named  bars. 

Description  of  Foundry  Work. — The  Detroit  Stove  Works, 
having  a  small  cupola  adapted  to  such  work,  volunteered  to  make 
the  required  castings.  To  give  an  idea  of  the  magnitude  of  the 
experiments,  it  must  be  explained  that  it  took  one  moulder  a  day 
and  a  half  to  mould  a  complete  set  of  bars  for  the  first  cast ;  next 
day  casting  began,  and  it  took  six  moulders  and  one  melter  three 
days  to  complete  the  twelve  series  of  Iroquois  and  Hinkle  bars. 

The  following  table  gives  the  information  which  will  be  needed 
in  making  a  study  of  the  test  bars  : 
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Observe  that  the  Iroquois  series  ends  with  the  first  cast  of  the 
second  day.  The  cupola  began  to  clog  with  slag  after  the  first 
heat,  owing  to  its  standing  still  between  heats  ;  limestone  did  not 
thin  the  slag,  but  quicklime  did  better.  After  heat  5  the  slag 
had  chilled  so  as  to  prevent  another  heat,  but  in  each  heat  the 
slag  did  not  affect  the  melting.  At  heat  9  the  shell  became  too 
hot  to  continue,  from  the  wind  having  been  kept  on  continuously 
during  the  day  between  heats,  to  prevent  an  accumulation  of  slag. 
As  soon  as  the  iron  was  all  melted  it  was  all  drawn  off  into  ladles. 
First,  two  bull  ladles  were  filled,  taking  about  250  pounds  ;  with 
these  the  4-inch  bars  were  poured  and  then  the  8-inch  bars  The 
rest  of  the  iron  was  caught  in  ladles  holding  50  pounds.  The  half- 
inch  bars  were  poured  with  iron  caught  soon  after  the  bull  ladles. 
Aside  from  those  mentioned,  no  order  was  observed  in  pourino- 
the  rest  of  the  bars.  The  4  and  3  inch  bars  were  shaken  out  at 
once,  so  that  moulding,  could  begin  again.  In  charging,  the  sili- 
con iron  was  put  in  first.  There  are  objections  to  the  routine  pur- 
sued, but  there  are  equal  objections  to  any  practical  modification. 

Depth  of  Chill. — Each  test  bar  was  cast  between  yokes  pre- 
senting a  chilling  surface  to  each  end.  The  iron  entered  from 
the  under  side  of  the  mould,  three  inches  from  the  chill  at  each 
end.  It  will  be  seen  that  the  iron  first  struck  the  bottom  edge 
of  the  chill  and  rose  along  its  surface  as  the  iron  filled  the  mould. 
In  the  half-inch  bars,  and  to  a  less  extent  in  the  one-inch  bars, 
the  moulds  were  filled  more  quickly,  and  with  less  agitation  of 
the  metal  on  the  chilling  surface.  We  have  often  previously 
noticed,  even  in  half-inch  bars,  where  a  chilled  end  of  a  bar  has 
tilted  up  and  fallen  inward  so  that  the  fluid  metal  would  flow 
around  it  and  as^ainst  the  chill.  The  smaller  test  bars  seem 
to  give  the  truest  indication  of  chill,  and  in  the  larger  bars  the 
chill  is  wholly  washed  away  after  the  chill  surface  has  become 
too  hot  to  produce  a  chill.  This  is  proven  by  the  following  chill 
records,  there  being  only  one  gate  at  one  end  of  the  mould  : 

TABLE   n. 
Depth  of  Chill. 


Number  of  Series. 
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All  other  bars  liad  two  gates,  and  in  most  cases  the   chill  is 
entirely  washed  away,  as  shown  by  the  following  table  : 


TABLE  III. 


So 

Si. 
)4"  bars. 

Average  depth  of  chill  in  test  bars. 

Series. 
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7 
8 
9 
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1.16 
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.80 
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.35 
.45 
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.45 
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.20 

0 

.30 
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0 

0 
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.30 
0 

10 
11 
12 

2.84 
2.56 
2.77 

.05 
.07 
.04 

.05 
.03 
.04 

0 

.15 
0 

0 
0 
0 

.04 
0 
0 

0 
0 
0 

The  fact  that  in  series  1,  where  the  chill  was  deep  enough  to 
prevent  its  being  moved,  it  was  the  same  in  each  size  of  test  bar, 
shows  that  the  depth  of  chill  is  the  same  w^hatever  be  the  size  of 
the  casting,  and  that  a  small  bar  gives  the  same  record  as  a 
larger  one,  and  that  in  a  small  bar  the  chill  is  not  likely  to  be 
moved.  It  also  shows  that,  if  a  good  chill  were  the  main  thing, 
the  chilling  surface  should  be  made  so  that  the  iron  should  not 
move  after  it  has  reached  the  chilling  surface.  It  is  evident 
that  the  depth  of  chill  is  related  to  the  percentage  of  silicon  in 
the  casting,  but  the  quality  of  the  metal  melted  exerts  a  great 
influence  on  chill.  The  iron  first  taken  from  a  cupola  has  a 
greater  depth  of  chill  than  that  drawn  later  on,  as  shown  by  the 
depth  of  chill  in  the  half-inch  bars  of  series  7  and  9. 

Foundry  Chemistry.— For  the  benefit  of  those  who  may  not 
be  familiar  with  the  action  of  the  various  metalloids  which  exist 
in  cast  iron,  we  will  at  this  point  give  the  chemical  facts  with 
which  a  founder  must  be  familiar  and  which  are  necessary  for 
the  study  of  cast  iron.* 

M.vNGANESE  need  not  be  feared  when  it  is  below  one  per  cent, 
in  the  casting.  Ordinary  foundry  irons  do  not  bring  into  a 
foundry  mixture  more  than  this  quantity.     When  above  one  per 

•Paper  read.at  Foandrymen's  Apsociaiion,  Philadeli)hia,  April  4,  1894. 
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cent,  it  may  increase  shrinkage  and  hardness,  but  it  does  not 
increase  combined  carbon.  It  does  not  turn  iron  white  nor  in- 
crease a  tendency  to  chill.  "^ 

Phosphorus  in  the  quantity  usually  found  in  cast  iron  exerts 
no  influence  on  the  physical  quality,  but  it  slightly  reduces 
shrinkage.  It  has  no  effect  on  carbon.  It  adds  some  life  to  the 
iron.  It  weakens  the  iron  when  it  contains  much  over  one  per 
cent.,  but  American  pig  iron  will  rarely  impart  to  castings  more 
than  this  percentage,  and  for  this  reason  it  may  be  ignored. f 

Sulphur  is  an  element  which  many  claim  to  be  in  cast  iron  what 
poison  is  to  life,  because  it  seems  to  affect  steel  in  that  way.  It 
seems  very  difficult  to  prove  that  in  the  quantity  found  in  gray  pig 
iron  it  either  does  any  harm  or  good.  In  remelting,  the  iron  often 
absorbs  as  much  more  as  the  fuel  contained,  but  gray  castings 
do  not  generally  contain  more  than  .05  and  rarely  more  than  .  10 
per  cent,  of  sulphur.  Perhaps  such  an  amount  has  a  slight 
effect  on  the  chilling  quality.  There  is,  however,  not  the  slight- 
est indication  that  sulphur  is  in  any  way  beneficial.  Sulphur 
will  get  into  a  casting  from  the  fuel,  and  chemists  are  accustomed 
to  lay  any  unexplainable  peculiarity  to  sulphur.  If  sulphur 
should  exert  any  evil  influence,  a  slight  increase  in  silicon 
would  at  once  counteract  any  effect. | 

Cabbox  is  the  most  important  element  in  cast  iron.  Without 
it,  iron  could  not  be  melted  readily  and  made  into  castings.  The 
percentage  of  total  carbon  determines  the  melting  point  of  the 
iron.  Carbon  in  melted  iron  is  probably  always  combined  (or 
dissolved),  and  more  can  be  retained  by  the  iron  when  fluid 
than  when  cold.  On  cooling,  any  surplus  separates  out  into 
graphite  and  makes  a  gray  casting.  Total  carbon,  no  doubt, 
exerts  an  influence  on  strength. 

Combined  Carbon  directly  influences  shrinkage. 

Graphitic  Carbon,  by  dividing  the  grains  of  metal,  softens  cast 
iron ;  it  also  removes  brittleness,  and  by  the  mechanical  separa- 
tion of  the  grain  may  cause  weakness ;  but  so  many  variations 
occur  that  the  only  way  to  be  certain  as  to  strength  is  by  actual 
testing.     This  form  of  carbon  accompanies  an  open  grain,  which 

*  Keep,  "Mauganesein  Cast  Iron,"  Trans.  Am.  Inst.  Mining  Eng.,  Vol.  XX, 
p.  291.  1891. 

f  Keep,  "Phosphorus  in  Cast  Iron,"  2'rans.  A.  I.  M.  E.,  Vol.  XVIII. ,  p.  450. 
1889. 

:}:Keep,  "Sulphur  in  Cast  Iron,"  Engineering  Congress,  Chicago,  1893,  Trans. 
A.  L  M.  E.,  Vol.  XXIII.,  p.  382. 
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Skives  trouble  in  largo  castings,  especially  in  those  which  must 
resist  hydraulic  pressure,  by  causing  a  spongy  and  open  grain. 
It  sometimes  causes  difficulty  in  obtaining  the  requisite  strength, 
closeness,  lack  of  brittleness,  softness,  and  low  shrinkage. 

Silicon  lessens  the  ability  of  the  iron  to  hold  carbon  in  the 
combined  state  when  cold ;  therefore,  any  increase  of  silicon  will 
decrease  the  combined  carbon. 

Silicon  is  of  little  use  in  cast  iron,  except  as  it  acts  on  carbon. 
Its  influence  is  not  direct,  but  acts  through  its  change  of  the  car- 
bon. The  greater  the  quantity  of  combined  carbon  present,  the 
greater  will  be  the  influence  of  silicon. 

An  iron  deficient  in  silicon  will  be  white  in  a  small  casting, 
because  the  formation  of  the  crystals  is  so  rapid  that  the  flakes 
of  graphite  are  too  small  to  be  seen. 

A  large  casting  from  the  same  metal,  by  cooling  more  slowly, 
not  only  lias  a  coarser  crystalline  structure,  but  the  flakes  of 
graphite  are  larger  and  give  a  color  to  the  casting.  From  such 
an  iron  a  small  casting  may  be  white,  a  larger  one  mottled, 
and  a  very  large  casting  may  be  gray.  If  the  small  casting 
were  made  to  cool  as  slowly  as  a  large  casting,  or  if  it  were 
annealed,  the  same  change  in  crystalline  structure  would  take 
place,  and  the  color  w^ould  be  gray.  Silicon  is  the  controlling 
element,  and  is  the  only  element  that  the  founder  need  take 
account  of,  except  to  see  that  the  iron  contains  sufficient  carbon 
for  the  silicon  to  act  upon.  By  silicon  changing  combined  car- 
bon into  graphite,  the  casting  occupies  more  volume  than  if  the 
carbon  remained  combined.  This  is  one  cause  of  a  decrease  of 
shrinkage.  Within  limits,  the  more  silicon  the  less  combined 
carbon,  and  the  less  shrinkage.  As  silicon  grows  less,  shrinkage 
increases.* 

Shrinkage  of  Cast  Iron. — The  general  understanding  is  that 
the  slirinkage  of  a  casting  is  the  difference  in  length  between 
it  and  the  pattern  from  which  it  was  made,  or  rather  between  it 
and  the  mould  in  which  it  was  cast.  It  is  given  in  thousandths 
of  an  inch  per  foot  of  length.  A  pattern-makers'  shrink  rule 
is  one-eighth  of  an  inch  longer  than  the  standard  foot,  as  for 
practical  purposes  cast  iron  is  estimated  to  shrink  one-eighth 
of  an  inch  to  each  foot  of  dimension.  As  a  matter  of  fact,  the 
shrinkage  is  a  very  variable  quantity,  and  is  influenced  by 
the  composition  of  the  iron  used,  and  by  the  size  and  shape  of 
•  Keep,  ••  Silicon  in  Cast  Iron,"  A.  1.  M.  E„  VoL  XVIL,  page  863,  1889. 
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the  casting.  The  fluid  iron  by  its  weight  fills  every  portion 
of  the  mould.  That  which  first  touches  the  mould  cools  and 
becomes  solid,  crystals  forming  on  all  such  surfaces.  New 
crystals  form  on  the  inner  surface  of  this  shell  until  the  metal 
becomes  rigid.  As  soon  as  this  shell  is  rigid,  it  begins  to 
contract  in  every  dimension,  and  this  continues  until  the  cast- 
ing is  perfectly  cold.  In  all  castings,  on  the  formation  of  each 
crystal,  portions  of  the  component  elements  of  the  cast  iron  sep- 
arate out  and  are  caught  between  the  crystals  of  iron.  The 
principal  element  which  thus  separates  is  graphite.  The  size 
and  compactness  of  the  crystals  is  due  to  the  size  of  the  casting, 
which  is  a  secondary  cause  of  variation  in  shrinkage.  All  carbon 
in  fluid  iron  is  supposed  to  be  combined  with  or  dissolved  in  the 
iron,  and  fluid  iron  is  capable  of  holding  more  carbon  in  combina- 
tion than  it  could  hold  when  cold.  For  this  reason  pig  iron  that 
is  saturated  with  carbon,  that  is,  contains  all  that  it  can  dis- 
solve and  hold  when  it  is  melted,  will  be  gray  when  it  solidifies, 
on  account  of  the  particles  of  black  carbon  being  caught  be- 
tween its  crystals.  Silicon  lowers  the  saturation  point  for  car- 
bon at  the  temperature  of  solidification  of  the  iron,  so  that,  by 
adding  silicon  to  cast  iron  that  is  not  gray,  it  will  become  so. 

Silicon  of  itself  increases  shrinkage  and  hardens  cast  iron,  but 
by  its  influence  on  carbon — that  is,  by  driving  it  out  of  the  com- 
bined state — it  softens  the  casting  and  decreases  shrinkage.  We 
therefore  say  that  silicon  in  foundry  mixtures  controls  shrink- 
age and  softens  cast  iron.  When  a  farther  portion  of  the  fluid 
metal  inside  the  rigid  shell  solidifies,  it  also  shrinks  and  tends  to 
pull  towards  the  shell,  and  when  the  last  portion  at  the  center 
solidifies,  there  may  not  be  enough  to  fill  the  spaces  and  form  a 
solid  casting. 

If  a  cavity  is  likely  to  be  left  at  the  centre  of  the  casting,  by 
churning  the  metal  in  the  gate,  a  connection  may  be  made  to  the 
open  spot,  through  which  fresh  fluid  metal  may  be  fed  to  fill 
such  cavity.  The  slower  a  casting  cools,  the  larger  will  be  the 
crystals  ;  therefore,  a  large  casting  will  shrink  less  in  its  outside 
dimensions  than  a  small  casting  from  the  same  metal. 

The  amount  of  shrinkage  then  varies  : 

First,  in  proportion  to  the  total  quantity  of  carbon  in  the  pig 
iron. 

Second,  in  proportion  to  the  percentage  of  silicon  present. 

Third,  in  proportion  to  the  size  of  the  casting. 
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In  applviufT  these  truths  the  foundryman  will  coustantly  meet 
exceptious  on  account  of  varying  conditions,  some  of  which  we 
will  mention. 

An  iron  which  has  received  the  required  silicon  in  the  blast- 
furnace has  generally  a  lower  shrinkage  than  when  the  silicon  is 
added  at  the  time  the  iron  is  re-melted.     For  example  : 

Gay  lord  white  pig  iron  {Si  0.18),  with  Si  increased  to  2.42  per 
cent.,  gave  shrinkage  .160  for  a  half-inch  bar. 

F^M  gray  pig  iron  (Si  1.25),  with  Si  increased  to  2.41  per  cent., 
gave  shrinkage  .140  (half- inch  bar).   (Edward  Orton,  Jr.,  chemist.) 

The  silicon  in  some  high  silicon  irons  will  exert  more  in- 
fluence than  that  contained  in  others.     For  example  : 

TABLE  IV. 


Per  cent. 


F^M  gray  pig  +  4.36  Pencost 
••      "     +  4.70  Asliland 
"  "      "    +  4.35  Dayton 

"      '•    +  4.41  SloVs 


Per  cent. 

put  in 

crucible. 


2.50  Si 
2  50  " 
2.50  " 
2.50  " 


Shrinkage 

In.  per  ft. 

i"  bar. 


.143 
.143 
,145 
.190 


Strength. 
Lbs.  i"  bar. 


380 

378 
375 
407 


Chemist. 


E,  Orton,  Jr. 
G.  H.  Ellis. 
H.  S.  Fleming. 
R.  B.  &  Co. 


The  latter  Slogs  silicon  iron  contained  only  1.21  total  carbon, 
and  did  not  leave  enough  carbon  in  the  casting  for  the  silicon  to 
act  upon.  The  treatment  of  the  iron  in  re- melting  and  in  handling 
before  it  reaches  the  mould  influences  shrinkage,  hardness,  and 
strength. 

The  iron  that  first  comes  down  onto  the  cupola  bottom  is 
harder  and  has  a  higher  shrinkage  than  that  which  comes  after 
the  cupola  is  thoroughly  hot,  though  it  may  contain  more  silicon. 
For  example  : 

TABLE  V. 


strength  i"  bar. 


First  iron  with  3.22  per  cent.  Si 
Laf«t  '      :}.14        '• 


390 
400 


(Analysis  by  Cary  &  Moore,  Chicago.) 

And  the  average  difference  for  eleven  days  between  the  shrinkage 
of  the  first  iron  and  that  half  an  hour  later  was  0.026.  These 
results  were  obtained  at  the  works  of  the  Michigan  Stove  Co. 
with  Southern  iron. 
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Iron  as  it  comes  from  the  blast  furnace  generally  has  a  less 
shrinkage  and  is  softer  than  after  being  re-melted  in  a  cupola,  as 
the  following  will  show  ; 


TABLE  VL 


A  Half  Inch  Square  Test  Bar. 

TC. 

GC. 

cc. 

Si. 

S. 

P. 

Mn. 

Shr. 

Str. 

Chemist. 

Iroquoii-,  covered  crucible. . 
Cupola 

3.76 
3.82 

2."  36 

i!46 

.76 
.83 

'."05 

.2.5 
.21 

.88 
.35 

.157 
.172 

324 
338 

Johnston. 

As  seen  in  Table  VII.  (and  in  XIX.),  irons  having  the  same 
chemical  composition  may  have  totally  different  physical 
qualities. 


TABLE  VIL 

Carbon. 

Silicon. 

Shrinkage. 

Strength. 

One  mixture,  3.24 
Another  "        8.08 

^.'.87 
2M 

.131 
.173 

485 
413 

(Anderson,  Chemist.) 

In  these  cases,  taken  from  the  results  of  September  19th  and 
October  2d  of  Table  VIII.,  both  were  tested  in  the  same  way, 
and  the  chemical  composition  is  substantially  the  same,  and  yet 
the  physical  qualities  are  very  different. 

On  account  of  the  exceptions  to  general  rules,  there  is  no  given 
shrinkage  for  any  given  percentage  of  silicon.  There  are  too 
many  unknown  conditions  occurring  in  foundry  practice  to  make 
the  metallurgy  of  cast  iron  an  exact  science.  For  these  reasons 
it  is  impossible  to  prescribe  a  given  chemical  composition  that 
will  at  all  times  give  a  required  physical  record.  All  estimates 
must  be  approximate.  But  in  one  shop,  with  substantially  one 
mixture,  the  shrinkage  record  will  vary  in  proportion  as  silicon 
varies. 


CONTROLLIXG   A   FOUXDRY   MIXTURE    BY    THE    SHRINKAGE    OF   A   HALF- 
INCH   TEST   BAR. 

Table  VIII.  is  a  record  of  tests  of  half-inch  bars  from  a  foundry 
running  four  days  each  week,  making  thin  castings  wholly  from 
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Southeru  iron,  softened  by  a  Korthern  silvery  iron.  The  indi- 
vidual irons  were  varied  on  account  of  irregular  receipts  from 
the  furnace  or  for  other  reasons.  For  several  months  previous 
the  shrinkage  had  been  kept  quite  uniform  at  about  .130.  But 
on  and  after  September  20th  the  iron  received  contained  less 
silicon,  though  the  appearance  of  the  pig  iron  gave  no  such 
indication.  From  September  25th  to  28th  the  mixture  was  all 
Southern,  no  silvery  iron  being  used.  After  that  date  the  extra 
necessary  silicon  was  imparted  by  the  silvery  iron. 

It  will  be  seen  that  the  shrinkage  is  as  good,  if  not  a  better, 
indication  of  the  silicon  required,  than  the  actual  chemical  analy- 
sis.    The  hardness  of  the  castings  varied  with  the  shrinkage. 


TABLE  VIIL 

All  records  are  those  of  a  half -inch  test  bar. 


Date. 

i8y4. 

<  9 

o 
o 

CO 

ss 

131 

a 

H 

o 

A' 

cc 

454 
480 
446 
433 
450 
485 
444 
403 
445 
450 
422 
415 
442 
436 
413 
435 
344 
402 

2  - 

o  _ 

ST 
«^ 

.20 
.22 
.21 
.22 
.22 
.20 
.21 
.22 
.20 
.22 
.22 
.22 
.21 
.21 
.21 
.21 

"22 

.08! 

.09 

.08 

.05 

.07i 

.09; 

.07| 

.07 

.11 

.11 

.09 

.05 

.07 

.03 

.04 

.0>, 

.03 

.04| 

Date. 

1894. 

^1 

^6 

0 

w   . 
Op; 
<  ■< 
t4fq 
^   . 

134 

K 
« 

460 
463 
443 
379 

414 

0   TO 

«^ 

.20 
.23 
.20 
.23 
90 

Sept  11 

Oct.     8  

04 

"12               

'    ' 

.... 

.133 
.145 
.142 
.135 
.131 
.155 
.162 
1=)fi 

9 

.129 

.151 

.133 

133 

04 

•'     13            

"      10  

06 

"     17     ... 

"      11   

03 

"     18     

"     12     

04 

"     19     

3.24 

2.87 

"     15 

3.31 
3.19 

.132 
.146 
.128 
.126 
.128 
127 

425;   .21 

02 

"     21) 

"     16 

430 
421 
478 
448 
470 
405 
450 
478 
469 
461 
465 
445 

.22 
.21 

.21 
.21 
.20 
.23 
.20 
.19 
.20 
.20 
.20 
.21 

03 

"     21     

2.31 

"     17 

05 

'•     24     

•'     18 

3  37 

07 

"     25     

.164 
.172 
.180 
.174 

in 

"     19 

04 

"     2e 

"     22 

04 

"     27 

2.17 

"     23 

.128 
.127 
.126 
.127 
.127 
.125 
.126 

02 

'•     2M 

"     24 

OS 

Oct.      1   

3  n 

"     25 

10 

•'       2 

8  m 

2.85 
2.89 
S  06 

.172 
.1.53 
.1.^.0 
.166 

"     29 

05 

"      3 

"     30 

01 

"       4 

"     31 

03 

5 

3.04 

Nov.    1 

05 

(Duncan  Anderson,  Chemist.) 

The  strength  and  deflection  are  the  average  of  three  half-inch 
square  l)ars. 

While  these  shrinkages  and  silicons  may  not  correspond  with 
those  of  another  foundry,  yet  compared  with  each  other  there 
is  a  direct  relationship  between  shrinkage  and  silicon.  Often 
by  changing  the  quantity  of  each  pig  iron  in  a  mixture  without 
affecting  tlie  percentage  of  silicon,  the  shrinkage  may  be  changed 
on  account  of  the  physical  quality  of  some  of  the  irons.  Often 
this  y>liysical  constitution  will  exert  more  influence  than  the 
chemical  composition. 
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But  for  everyday  practice,  whether  with  one  uniform  mixture, 
or  with  a  special  mixture,  if  the  shrinkage  of  a  half-inch  test  bar 
is  greater  than  the  standard  shrinkage,  increase  the  silicon  until 
it  comes  down  again  to  the  standard.  (In  Table  VIII.  the 
standard  shrinkage  was  .125  to  .130.  For  ordinary  machine 
irons  it  would  be  near  .150.) 

Eelation  of  Shrinkage  to  the  Size  of  Casting.— The  varia- 
tion in  shrinkage  in  different  sizes  of  castings  is  due  to  the  dif- 
ference in  the  rate  of  cooling.  The  larger  the  casting  the  larger 
will  be  each  individual  crystal,  and  the  looser  will  each  crystal 
fit  into  those  next  to  it. 

This  causes  the  casting  to  have  less  shrinkage,  and  is  inde- 
pendent of  the  chemical  composition  of  the  iron. 

Table  IX.  shows  the  shrinkage  of  each  size  of  test  bar  in  the 
six  series  made  from  Iroquois  iron. 

TABLE  IX. 

IROQUOIS. 


DiCKMAX's 

Silicon  Analysis, 

AND  ShKINKAGE  PER  FoOT  OF  TeST  BaKS. 

» 

Supposed 

Z/2 

Silicon  in 
Pig  Mix- 
ture. 

i"  a 

1"   D 

l"x2" 

2"  a 

3"  a 

4"  a 

O 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

1 

1.00 

.83 

ASS 

.79 

.160 

.78 

.148 

.82 

.131 

.72 

.116 

.88 

.102 

2 

1.50 

1.09 

.172 

1.14 

.150 

1.70 

.138 

1.33 

.125 

1.10 

.110 

.88 

.106 

3 

2.00 

1.73 

.166 

1.73 

.145 

1.70 

.130 

1.50 

.109 

2.17 

.069 

2.50 

.039 

4 

2.50 

2.13 

.162 

1.69 

.143 

1.60 

.123 

1.80 

.099 

2.17 

.066 

2.67 

.128 

5 

3.00 

2.42 

.157 

2.65 

.105 

2.40 

.094 

3.36 

.075 

3.67 

.067 

4.67 

.0-^7 

6 

3.50 

2.74 

.161 

2.69 

.130 

2.70 

.086 

2.62 

.077 

4.30 

.085 

3.22 

.033 

Table  X.  shows  the  shrinkage  of  the  six  series  of  "Hinkle." 


TABLE  X. 

HINKLE. 


Supposed 

Dickman's 

Silicon  Analysis, 

AND  Shrinkage  per  Foot  op  Test  Bars. 

CO 

Silicon  in 
Pig  Mix- 

i"  D 

1"  o 

1"  X  2" 

2"   D 

3"  a 

4"  a 

o 

ture. 

^ 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

7 

1.00 

.91 

.176 

.93 

.149 

.86 

.144 

.90 

.139 

.85 

.115 

1.12 

.072 

6 

1.50 

1.16 

.160 

1.29 

.145 

1.10 

.126 

1  22 

.122 

1.24 

.093 

1.03 

.092 

9 

2.00 

.93 

.156 

1.40 

.141 

1.05 

.134 

1.00 

.128 

2.15 

.083 

3.. 50 

.036 

10 

2.50 

2.84 

.154 

2.55 

.124 

2.70 

.092 

2.00 

.004 

1.75 

.075 

1.57 

.Of  .7 

11 

3.00 

2.. 56 

.157 

2.76 

.102 

2.97 

.090 

2.49 

.062 

2.64 

.0.53 

2.84 

.023 

12 

3.50 

2.77 

.144 

3.75 

.098 

3.41 

.092 

2.91 

.068 

2.89 

.043 

2.95 

.023 
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Table  XI.  sliows  the  slirinkage  of  De  Bardeleben  (Ala.)  pig 
irou. 

TABLE  XI. 

SOUTHERN. 


x 

Supposed 
Silicon  in 
PiK  Mix- 
ture. 

DicKMAx's  Silicon  Analysis,  and  Shrinkage  per  Foot  op  Test  Bars. 

s 

U"   D 

1"  D 

l"x2" 

2"    D 

3"    D 

4"   D 

z 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

14 
13 
15 

.... 

2.70 
3.13 
3.29 

.148 
.180 
.123 

2.80 
3  22 
3. "50 

.098 
.095 
.094 

2.81 
3.17 
3.52 

.083 
.091 
.096 

2.79 

3.19 
3.48 

.072 
.079 
.091 

2.94 
3.20 
3.75 

.€63 
.072 

.078 

2.81 
3.15 
3.42 

.035 

.052 
.032 

Table  XII.  shows  the  shrinkage  of  "  Hinkle  "  and  "  Scrap." 


TABLE  XIL 
C.  G.  Bretting. 


X 

Supposed 
Silicon  in 
Pig  Mix- 
ture. 

Johnston's  Silicon  Analysis,  and  Shrinkage  per  Foot  or  Test  Babs. 

i"  o 

1"   D 

1"  x2" 

2"  c 

3"    D 

4"  o 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

Si. 

Shr. 

16 

.... 

1.86 

.171 

1.77 

.151 

1.82 

.143 

1.77 

.129 

1.77 

.100 

1.80 

.069 

Chart  XITL  (Fig.  159)  illustrates  the  results  of  Tables  IX.  and 
XI.  graphically. 

Chart  XIV.  <Tig.  160)  is  a  graphic  record  of  the  results  in 
Table  X.) 

These  charts,  and  Tables  IX.,  X.,  and  XI.,  show  the  two  influ- 
ences which  affect  shrinkage,  viz.  :  First,  as  silicon  increases 
shrinkage  decreases.  Second,  as  the  size  of  a  casting  increases 
the  shrinkage  decreases,  and  this  is  independent  of  the  chemi- 
cal composition. 

Tliis  latter  proposition  is  true,  because  as  the  size  increases 
the  rate  of  cooling  is  necessarily  slower,  which  causes  the  crys- 
tals to  be  larger,  and  to  be  more  loosely  joined  together. 

The  crystals,  tlierefore,  occupy  more  space,  and  the  casting 
is  thereby  larger  than  it  would  have  been  if  it  had  been  cooled 
more  slowly. 
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V 
The  rate  of  cooling  is  represented  by  the  ratio  -^,  that  is,  the 

cubic  contents  in  inches  divided  by  the  square  inches  of  cooling 
surface.  In  Charts  XII ,  XIV.,  and  XY.,  horizontal  measure- 
ments represent  the  ra'e  of  cooling,  and  perpendicular  meas- 
urements represent  the  shrinkage  per  foot  in  length. 

V 

The  ratio  -^  representing  the  rate  of  cooling  of  a  half  inch 

square  test  bar  is  .12  ;  that  of  a  one  inch  square  test  bar  is  .25, 
etc. 

The  half-inch  test  bar  cools  so  rapidly  that  its  shrinkage  rep- 
resents the  influence  of  the  silicon  in  the  test  bar  ;  therefore, 
the  shrinkage  records  plotted  on  a  perpendicular  line  represent- 
ing the  ratio  .12,  show  the  shrinkage  of  a  half-inch  test  bar, 
due  to  chemical  composition. 

Any  increase  in  the  size  of  the  test  bar  (which  is  equivalent 
to  slower  cooling)  will  cause  the  crystals  to  be  larger  and  the 
shrinkage  to  be  less  ;  therefore,  we  find  that  the  shrinkages  of 
the  one-inch  square  bar  show  the  influence  of  composition  as 
did  the  half-inch  square  bars,  and  it  also  shows  the  added  influ- 
ence due  to  slow  cooling. 

A  round  test  bar,  having  the  same  contents  of  a  one-inch 
square  test  bar  would  have  a  ratio  of  cooling  of  .29,  and  would 
therefore  cool  more  slowly  and  would  have  a  less  shrinkage 
than  the  square  bar. 

This  secondary  influence  is  more  and  more  apparent  as  the 
size  of  the  casting  increases,  until  in  the  four-inch  square 
bars  its  effect  is  greater  than  the  chemical  influence  of  three 
and  a  half  per  cent,  of  silicon  was  in  a  test  bar  half  an  inch 
square.  It  is  also  apparent  that  the  secondary  influence  is 
greater  in  the  castings  containing  an  increased  percentage  of 
silicon. 

For  the  purpose  of  keeping  the  records  separate  in  charts 
XIII.  and  XIV.,  the  record  1st  (and  7th)  is  a  heavy  full  line,  the 
2d  (and  8th)  is  a  heavy  broken  line,  the  3d  (and  9th)  is  a  heavy 
dotted  line.  The  4th  (and  10th)  is  a  light  full  line,  the  5th  (and 
11th)  is  a  light  broken  line,  the  6th  (and  12th)  is  a  light  dotted 
line. 

The  records  of  the  last  three  series  being  below  the  others, 
record  14  is  represented  by  a  light  full  line,  13  by  a  heavy  full 
line,  and  15  by  a  heavy  broken  line. 
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Fig.  159. 


CHART    XIII. 


Am.l)ukN<ruCo.N.Y. 
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Fig.  160. 


CHART  XIV. 


Am.BukMaM0o.N.T4 


560  RELATIVE  TESTS  OF  CAST  IRON. 

Siuce  Chart  XIII.  contains  records  of  coke  irons  re-melted  in 
a  cujiola  with  coke,  it  may  be  taken  to  fairly  represent  ordinary 
foundry  practice. 

We  may  take  series  1  as  a  fair  representation  of  a  moderately 
heavy  casting,  a  little  more  than  one  and  an  eighth  inches  thick, 
liaviufT  a  considerable  surface  and  with  a  shrinkage  of  one- 
eit^hth  of  an  inch  to  the  foot,  and  containing  about  one  per  cent, 
of  silicon.  We  may  take  series  15  as  a  fair  representation  of 
the  lightest  castings,  say  from  one-quarter  of  an  inch  down  to 
one-twelftli  of  an  inch  thick,  and  of  considerable  surface,  and 
with  a  shrinkage  of  one -eighth  of  an  inch  per  foot.  From  these 
records  I  have  constructed  Chart  XY.  (Fig.  161). 

From  this  chart  a  founder  can,  at  a  glance,  see  the  difference  in 
shrinkage  between  different  parts  of  a  casting  on  account  of  size 
and  the  strain  incident  thereto.  He  can  tell  the  shrinkage  of 
anv  casting,  larger  or  smaller,  from  the  shrinkage  of  any  size  of 
test  bar  which  he  may  use  from  the  same  mixture.  If  he  knows 
the  size  of  a  casting  and  the  shrinkage  that  is  desired,  he  can 
find  this  result  on  the  chart  and  can  proportion  his  pattern  ac- 
cordingly ;  and,  by  following  the  curved  line  either  way,  can 
find  approximately  the  percentage  of  silicon  which  the  iron 
mixture  should  contain  to  produce  a  desired  shrinkage  or  a 
given  quality  of  casting.  The  figures  on  each  side  denote  the 
shrinkage  in  inches  per  foot,  and  each  curved  line  shows  its 
variation  in  any  size  of  casting  due  to  a  given  variation  of 
silicon  in  the  mixture  put  into  the  cupola.  The  following 
examples  illustrate  some  of  the  uses  of  Chart  XV.: 

Example  1. — Wanted  to  make  a  cylinder  three  inches  thick 
and  so  long  that  we  may  neglect  the  end  coding  surface.  The 
shrinkage  of  a  half-inch  test  bar  from  the  iron  mixture  is  153. 
What  percentage  of  silicon  does  it  contain,  and  what  will  be  the 
shrinkage  of  the  casting  ? 

Take  a  strip  of  the  three-inch  thick  casting  of  any  size,  say 
10x1  inches  ;  this  contains  30  cubic  inches  and  20  square  inches 
of  cooling  surface  ;  30  divided  by  20  equals  a  ratio  of  1.50.  In 
Chart  XV.  find  shrinkage  .153  on  the  left-hand  margin.  A  hori- 
zontal line  will  cut  the  silicon  scale  at  2.25,  which  is  the  ap- 
proximate silicon.  Follow  between  the  curves  until  the  ratio 
1.50  is  reached  (in  this  case  outside  the  chart),  and  it  will  be 
found  that  the  approximate  shrinkage  of  the  casting  will  be 
.062. 
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Fro.  161. 


CHART  XV. 


(Copyrighted) 


KEEP'S  TABLES  APPROXIMATE  RELATION  OF 
SHRINKAGE  TO  SIZE  &  PERCENTAGE  OF  SILICON. 


Am.BukKotaCa.N.V. 


562 


RELATIVE   TESTS   OF   CAST   IRON. 


Table  XAT.  is  the  same  as  Chart  XY.  in  tabular  form. 


TABLE   XVI. 

keep's  tables,     approximate  relation  of  shrinkage  to  size  and  per- 
centage OF  SILICON.     (Copyrighted.) 


i"o 

1"  D 

l"x2' 

2"  D 

3"r 

4"  a 

Percentage 

Silicon. 

|-;i 

.183 

.158 

.146 

.130 

.113 

.102 

Per  cent. 
1.00 

=  -c2 

©x  2 

.171 

.145 

.133 

.117 

.098 

.087 

1.50 

«-  © 

.159 

.133 

.121 

.104 

.085 

.074 

2.00 

o  ^  s  9 

r  >      ^ 

r   X   ._  X 

^^  ^  = 

O    X    s  .» 

^•4 

.147 
.135 
.123 

.121 
.108 
.095 

.108 
.095 

.082 

.092 
.077 
.065 

.073 
.059 
.046 

.060 
.045 
.032 

2.50 
3.00 
3.50 

Horizontal  readings  show  decrease  of  shrinkage  due  to  size. 


(Happening  in  a  pipe  foundry  a  short  time  ago,  I  was  asked 
to  estimate  the  total  shrinkage  of  a  water  pipe  three  inches  thick 
and  29  feet  long.  Not  knowing  the  silicon  it  contained,  I  used 
the  data  of  this  example  and  gave  the  shrinkage  of  the  whole 
pipe  as  1.79  inches.  The  actual  measure  was  1§  inches  [or  .060 
per  foot].; 

If  it  had  been  required  to  make  a  casting  of  these  dimensions 
with  a  shrinkage  of  .062,  which  had  been  found  satisfactory  for 
liydraulic  cylinders,  or  for  water  pipe,  and  it  was  required  to 
find  the  silicon  in  a  mixture  to  produce  such  a  casting,  follow 
down  the  ratio  1.50  until  .062  is  reached,  then  run  along  the 
curve  to  a  silicon  scale,  and  we  will  find  the  silicon  to  be  2. '25. 

If  we  had  wished  a  shrinkage  of  one-eighth  of  an  inch  per  foot, 
wo  would  have  reduced  the  percentage  of  silicon  in  the  mixture. 

Example  2. — Having  .153  as  the  shrinkage  of  a  half-inch 
square  bar,  it  is  desired  to  reduce  this  record  to  that  of  a  one- 
inch  square  bar.  Find  .153  on  the  left-hand  side  of  the  chart, 
carr}'  it  across  to  the  perpendicular  corresponding  to  ratio  of  a 
half-inch  bar  ('.125),  run  down  the  curves  until  the  line  corre- 
sponding to  the  ratio  r.25j  of  a  one-inch  square  bar  is  reached, 
which  shows  a  shrinkage  of  .128. 

The  shrinkage  of  a  bar  1x2  inches  (.116)  can  be  found  in  the 
same  way. 
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If  we  had  used  a  one-inch  square  bar,  we  could  from  the  chart 
reduce  its  record  to  that  of  any  other  size. 

Any  foundry  can  construct  a  similar  chart  based  upon  ob- 
served shrinkage  of  test  bars  made  from  its  materials  used,  and 
can  work  out  similar  problems. 

Chart  XY.  will  be  found  to  be  a  near  approximation  of  the 
results  in  any  foundry.  By  its  use  any  founder  can,  by  calcu- 
lating the  shrinkage  of  a  half-inch  test  bar,  produce  a  definite  size 
of  casting,  either  by  varying  the  silicon  in  the  iron  from  which 
the  casting  is  made,  or  by  making  the  size  of  the  pattern  such 
that  the  shrinkage  of  a  given  mixture  will  produce  a  casting  of 
the  required  size. 

In  every-day  foundry  practice  the  silicon  or  the  size  of  the 
pattern  cannot  be  varied  to  suit  every  thickness  of  casting  to  be 
made  at  one  cast ;  therefore,  the  shrinkage  of  each  one  of  the 
castings  made  cannot  be  kept  uniform  at  one-eighth  of  an  inch 
per  foot. 

This  is  especially  the  case  in  a  single  casting  of  varying 
thickness. 

Note. — It  must  always  be  kept  in  mind  that  on  account  of  local  conditions, 
and  the  varyini^  quality  of  the  irou  used  in  any  mixture,  any  result  is  only 
approximate,  but  for  the  purpose  of  controlling  a  foundry  mixture  it  is  all  that 
is  required. 

BEST  SIZE  OF  TEST  BAR  FOR  THE  CONTROL  OF  A  FOUNDRY  MIXTURE. 

In  the  study  of  cast  iron,  and  in  the  control  of  a  foundry  mix- 
ture (see  Table  VIII.\  the  half-inch  test  bar,  provided  it  will  run 
entirely  gray  and  not  white,  has  an  advantage,  for  it  is  so  small 
that  it  is  only  influenced  by  the  composition  of  the  casting. 
Therefore,  its  record  is  a  mechanical  analysis,  telling  whether 
more  or  less  silicon  is  required. 

It  gives  this  information  better  than  a  chemical  analysis,  be- 
cause it  holds  so  little  heat  that  it  can  show  the  effect,  not  only 
of  the  influence  of  all  the  elements  entering  into  the  composition 
of  the  iron,  but  also  takes  into  account  all  local  conditions  and 
the  nature  of  all  the  irons  used  in  the  mixture.  It  also  tells 
its  story  in  a  definite  way,  and  does  not  require  the  trained  judg- 
ment of  an  expert  to  make  it  of  practical  value.  Whatever  may 
be  due  to  influences  other  than  those  of  the  silicon  contained 
in  the  casting,  an  increase  or  decrease  of  silicon  will  lower  or 
raise  the  shrinkage, 
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TABLE  XVII. 


i  inch  Test  Bars. 

to 

f-^  *-■ 
%^ 

Name. 

How 
Cast. 

"3  c 

t-  o 

3.15 

c 

o 

.92 

a 
m 

.03 

03 

3 

O 
-a 

o 

A 

.23 

s 

<A 

c 

03 

.50 

i  inch  Test 
Bar. 

I«  -1 

III 

6C 

If 

c 
289 

c 

.2 

Q 
.13 

2 

1  00    183 

.183 

.83 

(1) 

Iroquois 

Cupola  * 

4.07 

80 

1  041.182 

1.08    181 

1.12    ISO 

1.16'  179 

1.201  178 

1.24    177 

.in 

.176 
.174 
.174 

i.25  Swed. 

1.43! 

1.25 

1.25 

Fi-  M 

Crucible 
Crucible 
Crucible 
Crucible 

3.55 

3.22 

.33 

.04 
.04 

.08 
.09 

.19 
.55 

404 
275 
374 
409 

.23 
.15 
.26 
.29 

1.00 

1.28  .176 

Stewart 

1.32    175 

FL  M 

.05 

1.36    174 

FLM 

':'.5 

1.40  .173 

1.44    172 

1.48  .171 

1.52  .170 

1.56  .169 

1.60  .168 

1.64    167 

.166 
.166 
.165' 
.105 
.164' 
.164 
.162 
.161 
.160 
.159 
.157 

1.72 
1.73 

1.76 
2.00 
1.77 

(3) 
No.  3 
No.  1 
a.  F. 

H.  R.  Worthinston  . 
Iroquois 

Cupola  * 
Cupola  * 
Crucible 
Crucible 
Crucible 
Crucible 
Cupola  * 
Crucible 
Crucible 
Crucible 
Crucible  * 

448 
389 
423 
377 
442 
362 
427 
354 
865 
365 
408 

386 

■!27 
.19 
.17 
.22 
.20 
.31 
.19 
.23 
.27 
.37 

'!36 

10 

1.6S  .1661 

3.69 
3.65 
8.38 
3.37 
2.29 
3.55 
2.14 
1.79 
2.16 

3.21 
3.50 
2.92 

2.85 
2.28 
3.10 
2.04 
1.51 
1.90 
2.83 

.48 
.15 
.46 
.52 
.01 
.45 
.10 
.28 
.26 

.03 

'!i9 

.04 
.10 
.17 
.08 

.27 

.85 
1.27 
.56 
.62 
.28 
.77 
.70 
.79 
.16 

.50 
.48 
1.67 
.40 
.19 
.35 
.31 
.38 
.23 
.91 

^24 

(10 

1,72  .165 

Napier 

80 

1.76  .164i 

Summerlee 

65 

1.80  ....| 

Sloss 

1.&4  .163: 

l.^**  .162! 

2.16  F.  F. 
2.13      (4) 

De  Bardeleben 

Iroquois 

.15 

\9. 

1.92  .161! 
1.96M60l 
2.00  .1.59 
2.04  .158 

1.8:i 
1.74 
2.00 

i.a3 

No.  3 
G.  F. 
No.  2 

De  Bardeleben 

De  Bardeleben 

De  Bardeleben 

Hinkle     

.30 

0 

.01 

06 

2.0«,.157 

2.12  .1.56 

.156 

1.97 

Stewart 

Crucible 

.01 

.07 

2.161.1.55 

2.2':ii.lS4 

.1S4 
.154 
.152 
.152 
.ViO 

1.98 
2.26 
2.42 
2.64 
2.63 

No.  2 
2Soft 

Tuscarowus 

Crucible 
Cupola  * 
Crucible 
Crucible 
Cupola  * 

3.62 

3.18 

.44 

120 

"os 

.70 

!67 
.07 

.86 

"89 
.50 

418 
436 
437 
353 
390 

.24 

■!23 

.27 
.22 

30 

2.24  153 

2.25  .1.52 
2.32  .151 

H.  R.  Worthingfon.. 

Lady  Ensley 

Stewart 

.08 
.35 

0'? 

2.36  .150 

Holyoke  Mach.  Co  . 

2.94 

07 

2.4(),.149 

2.44  .148 
2.+'<  .147 

.148 

2.70 

(14) 

Mich.  Stove  Co 

Cupola  * 

3.15 

2.89 

.26 

.09 

.20 

.59 

383 

.22 

.06 

2.52  .146 

2. .56  .145 

.145 
.144 
.144 
.143 

2.16 
2.29 
2.77 
2.50 

Basic 
No.  2 

(12^ 

.^tna  (Ga.) 

Crucible 
Crucible 
Cupola  * 
Crucible 

2.28 

1.57 

.30 

.31 
.66 
.59 

228 
375 
456 
378 

.14 
.25 
.33 
.22 

90 

2.60  .144 

Dayton 

.02 
.03 

0 

2.M  .... 
2.68  .143 

Hinkle 

Fi'M.&  Ashland.... 

3.34 

3.07 

.27 

.r4 

?3 

2.72  .142 

2.-6  .141 

2.8';  .140 

2.84  .139 
2.88  .138 

.139 

3.15 

No.l 

Calnmet 

Crucible 

3.56 

2.46 

1.10 

.02 

1.06 

1.35 

290 

.16 

2. 92,. 187 
2.96  .1.36 

1.137 

3.01 

No.  2 

Franklin  (N.Y.).... 

Crucible 

3.18 

3.06 

.12 

.01 

1.43 

.17 

328 

.21 

.10 

3.W  .1.35 
8.04, .134 
8.08  .133 

1 
!i34 

2!94 

No'l 

Poughkeepsie 

Crucible 

3 '.27 

3.17 

"A6 

tr' 

i!24 

';i9 

'355 

';25 

'.'i2 

8. 12  .132 

8.16  .181 

1 

3.20    130 
801     •' 
3  .. 

.13n 

3.13 

1  03) 

2  Soft 

Mich.  Stove  Co 

De  Bardeleben 

Mich.  Stove  Co 

Mich.  Stove  Co 

Cupola  * 
Crucible 
Cupola  * 
Cupola  * 

3.14 

2.81 

3.03 
2.00 

.11 

.81 

.09 
.05 

.08 
.08 

.82 
.76 

.43 
.21 

804 
293 
400 
500 

.22 

.25 
.23 
.25 

.06 
.02 
02 

8.:i.    ..: 

-...:,  (787) 

02 

8.3H  .126 

'....1 1 

8.4^«    12S 

8.4; 
8.'. 

.117 

1 

■-  .1 
3  .52 

1 

"n.5r 

(7HI)) 

(:'.n  i 

8Sil 

Mlch.'stove  Co. "!! 
Mich.  Stove  f"o...   . 

.Mich.  Stove  Co 

Star 

Cupola  ♦ 
Cupola  * 
Cupola  * 

3  [is 

3!C3 

".ib 

■;69 

■.'98 

"iso 

427 

440 

400 
410 

">24 
.23 
.22 
.28 

'65 

8..U    ... 
8. 56:. 121 

2.95 

2.47 

AH 
.06 

.10 

1.05 
il.04 

.4? 
.41 

.07 
.35 

•  Wh'-n  marked  thus,  the  annlyHi?  wa'*  made  of  the  half-inch  test  bar. 
When  the  lest  haa  no  mark  the  pig  waa  analyzed  before  re-melting. 
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TABLE  XVin. 


i  inch  Test  Bars. 

O 

Name. 

How 

Cast. 

— i  c 

^6 

c 

o 

2.21 

1.16 

.95 

0.67 

1.00 

c 

c 

.93 

.05 

2.03 

1.34 

1.74 

a 
x: 
a, 

D 

.03 
.42 
.36 
.11 

"m 

tn 

0 

x: 
a, 

ac 
0 
S3 

Ph 

.88 

'!26 
.76 
.76 

1.85 
.87 
.20 

S 
to 

i 

.16 

'!69] 

.29* 

.31! 
.18 
.13 
.47 

i  inch  Test 
Bar. 

o  c3  —  x: 

Is -5^ 

«  E 

3  U 

— :  c3 

S 
(» 

368 
260 
266 
435 
376 
426 
438 
338 

d 
0 

0 

V 

Q 

.20' 
17 

.%3 

0 

1.00  .183 

.185' 

.184 

r  .240 

1  .240; 

1  .226 

L.220; 

.177 

.176 

q.csIg.f. 

4.41,  G.F. 
.18'VVh'ei 
.94  Wh'e! 

1.36>Iofd, 
.37  Wh'e  1 

Ensley 

Crucible 
Crucible 
Crucible 
Crucible 
Crucible 
Crucible 
Crucible 
Cupola  * 

3.14 
!.21 

r2.98 
12.01 

|..r4 

.25 

ni 

1.04  .182 

Sloss  

1.08'. 181 
1.12. 180 
1.16  .179 

1.20  .178 

Gaylord ^, 

De'Bard'n...    |^. 
De  Bard'n.. .    ,    j 

Dayton j 

Dc'Bardeleben.. 
Hinkle 

.08  Wh'e 
.13  Wh'e 
.11  Wh'e 

15  Wh"A 

1.24  .177 
1.28  .176 

2.16 
.91 

G.F. 

(7) 

'4 '.02 

2]  78 

.85 
1.24 

.23 

.17| 

.45 

.80 

1.32|.175 

1.36  .174 

1.40  .173 

1.44  .172 
1.48  .171 
1.52  .170 

.172 
.171 
.170 
.169 
.168 
.167 
.166 
.164 
.164 
.163 
.163 
.161 
.160 
.159 
.157 
.157 
.157 
.156 
.150 
.156 
.154 

1.09 
1.86 
2  07' 

(2) 
G.*  F.' ! 

Iroquois 

C.  G.  Bietting.. 
Pioneer. 

Cupola  * 

Cupola  * 

Crucible 

Crucible 

Crucible 

Crucible 

Crucible 

Crucible* 

Crucible* 

Crucible  * 

Cupola  * 

Cupola  * 

Cupola  * 

Crucible 

(Crucible* 

Cupola  * 

Cupola* 

Cupola  * 

Crucible 

Crucible 

Cupola  * 

*  3.90 
3.26 

3.20 
2.51 

.70 
.74 
.29 
.13 

.04 
.03 

'!64 
.04 

.27 
.33 

.58 

.63 

1.79 

1.55 

".31 
.38 
.38 
.23 

.20 
.28 

339 

3.52 
330 
355 
363 
231 
343 
362 
386 
390 
471 
395 
343 
324 
430 
443 
329 
:>84 
352 
439 

22 

■".2i 

.21 

.13 
.14 
.09 
.24 
.25 
.27 
.22 
.35 
.29 
.25 
.22 
.30 
.30 
.21 
.25 
.15 
.35 

.63 
15" 

1..56  .169 
1.60  .108 

3.73  No.  3 

.88  Mot" d 
.88'2  Mill 

.83 t 

3.46i2  Pl"n 

Slii.<s 

Davton 

'96 

1.641.167 

Dayton    

Mavville 

Buffalo 

80 

1. 63  .166 

1.7.J:.165 

2.99 
3.00 
3.10 
2.91 
3.38 
3.84 
3.45 
3.76 
3. .54 
3.32 
3.81 
2.88 
3.33 
3.20 

2.61 

2.66 
2.75 
2.80 
3.01 
3.17 
2.90 

3!  19 
3.00 
3.28 
2.42 
3.12 
2.91 

.38 
.34 
.35 
.63 
.37 
.67 
.55 

';35 
.32 
.53 

.46 
.21 
.29 

.02 
.02 
.02 
.12 
.03 
.02 

;62 

.03 
.02 
.04 
.04 
.02 

.33 
.32 
.34 
1.02 
.30 
.16 
.83 
.25 

.26 
.26 
.60 
1..54 
.21 

1..50 
1.50 
1.59 
.49 
.43 
.37 
.23 
.88 
.36 
.58 
.48 
.23 
.96 
.63 

1.76  .164 
1.80  .... 
1.84  .163 
1.881.162 
1.92!.  161 

3  64' 
3.99 
3.22 
2.74 
1.16 
1.54 
.72 
2.42 
2.56 

No.  2 
No.  1 
(788) 

(6) 

(8) 
No.  3 

"(5)"' 

(in 

Buffalo 

Buffalo 

Mich.  Stove  Co. 

Iroquois 

Hinkle 

".15 
.07 
.36 

1.96,. 160 

Eureka 

.45 

2.00  .159 

Iroquois 

.45 

2. 04;.  1.58 
2. 08. 1.57 

Iroquois 

Hinkle 

.05 
07 

2. 12. 1.56 

.93     (9) 

Hinkle 

65 

2.16  .155 
2.201.154 
2.24  .153 
2.28  .152 

2.53 

4.70 
2.84 

No.  1 
3Sii 

(10) 

De  Bardeleben. . 

.Ashland 

Hinkle 

.01 
.50 

.05 

2. 32  .1.51 
2.36    150 

.151 
.150 
.1.50 
.149 
.148 
.147 
.145 

i'.93  No.  1 
1.31  No.  2), 
2.04  1  Mill 
3.65  1  Soft 
1.64' No.  2 
1  94  O.  R 

Buphong 

Dayton 

Daj'ton.        .  ... 

Crucible 
Crucible 
Crucible 
Crucible 
Crucible 
Crucible 
Crucible 

3.34 

2.88 

.46 

.01 
.02 
.03 
.06 
.03 
.02 
.... 

1.09 
1.48 
1.46 

.60 
1.22 
1.57 

.75 

.14 
.65 
.67 
.27 
.24 
.39 
.20 

374 
380 
336 
375 
376 
379 
390 

.22 

.26 
.19 
27 
.22 
.24 
.17 

.18 
.07 

2.401.149 

04 

2.44  .148 
2.48  .147 
2.5-2    146 

De  Bardeleben.. 
Poughkeepsie... 
D'lvton 

2.94 
3.. 57 

2.11 
3.48 

.83 
.11 

.04 
.20 
10 

2.561.14=. 
2.60    144 

1.64 

G.F. 

Alice  (0) 

.45 

.35 

2.64 

2.68  .i43 

2.72!   1^2 

2.76    141 

• 

2.80  .140 
2.84  .139 
2.88'  1.38 

.140 
.139 
.139 

4.91 
2.03 
4.35 

2  J^il 

No.l 

Sil 

De  Bardeleben . . 

Norway 

Bessie 

Crucible 
Crucible 
Crucible  * 

1.51 
3.75 

.58 
3.12 

.93 
.63 

.08 
.01 

.58 
1.65 

.25 

.87 

295 
373 
478 

.24 
.21 
.25 

.01 
.02 
10 

2.92    137 

2.96  .136 

'.'.'.'.'.'.:.'.'. 

3.00  .135 

3.04  .134 

3.08    133 

3.12  .132 
3.16  .131 
8.20    130 

.131 
.131 

4.70 
3.52 

iSil 

(782) 

De  Bardeleben . . 
Mich.  Stove  Co . 

Crucible 
Cupola  * 

2.17 

1.60 

.57 

.06 
.08 

.59 

.27 

360 
530 

.27 
.27 

.02 
.02 

3.24    129 

.... 

3.28    128 

>•••>• 

3.32  .127 

1 

3.36    126 

1 

3.40    125 

* '  •  • 

3.44  .124 

3.48    128 

.124 

'    '.m 

'     .12G 

2.91 

2J3 

4.85 

No.  2 

Sil 

R.  S.  &  Co 

Crucible 

3.16 

2.85 

.31 

.05 

1.03 

.25 

383 

.23 

.10 

3.52  .1-22 
3.56  .121 

Irondale 

Alice  (Ala.) 

3.10 

1     2.9f 



'2.74 

"22 

.08 

.01 

2.23 

..5(1 

.22 

'    .2f 

'3S.T 
32." 

.27 
.3-2 

.05 

.06 

*  When  marked  thus  the  analysis  was  made  of  the  balf-inch  test  bar. 
When  the  test  has  no  mark  the  pig  was  analyzed  before  re-melting. 
+  These  four  samples  do  not  belong  jn  this  table,  but  are  introduced  to  show  the  shrinkage  of 
high  numbers  of  pig  iron. 
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In  the  study  of  tlie  influence  of  other  elements,  if-  tlie  silicon 
and  conditions  are  kept  uniform,  and  a  single  element  is 
varied,  the  variation  in  shrinkage  will  be  due  to  that  element. 
For  this  practical  use  no  other  size  of  test  bar  will  answer. 
In  a  one-inch  square  bar,  and  more  so  in  those  of  larger  dimen- 
sions, the  secondary  influence  of  the  more  coarsely  crystalline 
structure  varies  the  record,  oftentimes  more  than  the  composi- 
tion of  the  iron.  In  large  castings  this  secondary  influence  com- 
pletely overshadows  the  influence  of  composition,  and  thus 
prevents  the  large  test  bar  from  indicating  the  composition. 
The  half-inch  bar  gives  the  information  needed  by  a  founder 
regarding  composition  more  accurately  than  any  other  known 
method.  By  Chart  XV.  the  change  in  shrinkage  due  to  size  can  be 
approximated. 

The  convenience  of  the  use  of  a  half-inch  bar  is  also  greatly 
in  its  favor. 

Table  XYII.  has  in  the  first  two  columns  the  same  silicons 
and  shrinkages  as  the  half-inch  square  bars  in  Chart  XV.,  and 
arranged  against  these  shrinkages  are  various  pig  irons  and 
foundry  mixtures  whose  shrinkage  and  silicon  percentages  corre- 
spond with  them,  and  which  show  that  Chart  XV.  is  a  fair  ap- 
proximation to  actual  practice. 

Table  XVIII.  has  in  the  first  columns  the  silicons  and 
shrinkages  of  Chart  XV.,  and  has  arranged  against  them  pig 
irons  and  foundry  mixtures  with  the  same  shrinkages,  but 
whose  silicons  do  not  correspond  with  those  of  the  chart. 
These  are,  therefore,  exceptions,  but  it  will  be  difficult  to  con- 
struct another  chart  which  will  conform  to  so  many  mixtures 
as  Chart  XV. 

The  irons  in  these  two  tables  show  that  while  silicons  and 
shrinkages  are  related,  yet  the  influences  exerted  in  the  furnace, 
or  some  peculiar  chemical  combination,  or  some  peculiar  treat- 
ment, causes  a  high  or  a  low  shrinkage,  and  that  a  chemi- 
cal formula  will  not  at  all  times  produce  a  given  physical 
structure. 

Our  statement  is,  that  although  we  may  not  be  able  to  reduce 
records  of  pig  irons  or  of  mixtures  iu  difl"erent  shops  to  a  definite 
relation  between  the  silicon  and  the  shrinkage,  yet  in  any  one 
foundry,  with  a  substantially  uniform  mixture  or  in  any  special 
mixture  repeated,  the  shrinkage  will  indicate  the  percentage  of 
silicon,  and  vice  versa.     In  such  cases  the  shrinkage  will  indi- 
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cate  wlietlier  the  silicon  in  the  mixture  should  be  increased  or 
diminished. 

Shape  of  a  Casting  in  relation  to  its  physical  quality. 

The  method  by  which  a  casting  becomes  solid  influences  its 
strength.  The  attaching  of  the  first  crystals  to  the  sides  of 
the  mould  and  of  those  forming  later,  on  the  inner  surface  of 
this  shell,  and  the  shrinkage  of  the  shell,  and  of  each  crystal 
which  is  attached  to  the  shell,  causes  a  strain  on  all  parts  of 
the  casting.  The  crystals  along  all  the  surfaces  not  only  pull 
on  each  other,  but  the  whole  surface  pulls  the  ends  towards 
the  centre,  and  pulls  from  the  centre  towards  the  ends,  which 
tends  to  jduII  the  casting  apart  at  h  (Fig.  162).  Inside  the  casting 
the  crystals  tend  to  pull  away  from  the 
diagonal  connecting  h  and  e,  and  on  that 
line  the  two  systems  of  crystals  forming 
on  the  surfaces  a  h  and  h  c,  towards  the 
middle  of  the  casting,  do  not  form  a 
perfect  union  in  the  line    b    e.      There  i 

is    more    metal   in  this   corner   than   in      Fig.  162.  ' 

c 

any  other    part    of    the    casting,  which 

would  cause  the  centre  to  become  solid  last,  and  if  any  spongi- 

ness  or  cavity  forms  anywhere  it  will  be  here. 

The  sides /e  and  d  e,  being  longer  than  the  inner  surfaces 
a  h  and  h  c  will  contract  more  and  tend  to  pull  the  casting 
apart  at  the  angle  h.  In  all  pattern  construction,  angles  should 
be  made  as  round  as  possible,  and  all  abrupt  changes  of  shape 
should  be  avoided.  Changes  in  size  in  the  parts  of  a  single 
casting  cause  unequal  cooling,  and  often  result  in  a  casting 
pulling  apart  before  it  leaves  the  mould. 

Consulting  Chart  XV.  will  show  what  strains  will  be  placed 
on  the  parts  of  a  casting  that  vary  in  size. 

Annealing  Castings. — To  produce  very  soft  castings  with  very 
low  shrinkage  some  founders  melt  only  the  softest  No.  1  pig 
iron,  and  do  not  even  use  the  scrap  made  from  such  iron ; 
while  others  use  cheaper  irons  for  the  castings,  and  afterwards 
place  the  castings  in  an  annealing  oven  until  most  of  the  com- 
bined carbon  which  they  contain  is  changed  into  graphite. 
Instead  of  increasing  silicon  in  their  mixtures  to  cause  a 
decrease  in  combined  carbon,  they  prefer  to  anneal  the  cast- 
ings. It  would  be  impossible  to  get  as  low  a  shrinkage  or  as 
soft  iron  in  the  cupola  as  by  this  process. 
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"We  give  one  example  of  tins.     All  bars  were  poured  from  one 
ladle. 

TABLE   XIX. 


Shrink- 
age. 

i" 

D  Test  Bar. 

5 

1 

d 

d 
Q 

w 

P^ 

02 

^"    D 

l"x,V' 
o 

d 

No.  1  Bar  not  An- 
nealed   

.155 
.1542 

.1692 

.1722 

.14 
.14 

435 
415 

.28 
.27 

3.32 

.45 

1.78 

.505 

.041 

..5f)8 

No.  3  Bar  not  An- 





.155 

.171 

.14 

4-25 

.272 

No.   2  Bar  before 

.157 
.155 

.1662 
.169 

No.  4  Bar  before 
Annealed 



Average 

.15G 

.167 

No.    2    Bar    after 
Annealed 

No.    4     Bar   after 
\nnealed 

.096 
.0952 

.069 
.070 

.06 
.08 

400 
400 

.36 
.34 

3.77 

3.68 

.09 

1.18 

.510 

.043 

.568 

Average 

.096 

.0692 

.07 

400 

.35 

Analysis  by  Dickman. 

The  chill  in  tlie  annealed  castings  is  very  dull  and  only  half 
as  deep  as  before  annealing.  The  grain  is  much  darker  and  is 
filled  witli  glistening  points.  The  unannealed  thin  bars  broke 
without  taking  set,  while  the  annealed  thin  bars  took  a  set  of 
over  four-tenths  of  an  inch  at  the  centre  before  breaking.  The 
unannealed  square  bars  took  a  set  at  three  hundred  pounds  of 
.10  of  an  inch,  and  after  annealing  took  a  set  of  .20  of  an  inch. 

These  samples  are  furnished  by  Frank  J.  Dutcher,  manager, 
Ilopedale  Machine  Company,  Hopedale,  Mass. 


DISCUSSION. 


^fr.  K  T).  Estrada. — According  to  Mr.  Keep,  the  physical 
properties  of  a  casting  depend  upon  the  chemical  composition 
of  the  mixture,  the  size  of  the  casting,  its  shape,  its  rate  of  cool- 
ing, and  the  conditions  attending  its  manufacture.  These  con- 
clusions cannot  properly  Ije  drawn  from  tlie  results  obtained  by 
the  experiments  which  Mr.  Keep  describes.  With  reference  to 
the  chill,  Mr.  Keep  says  that  the  smaller  test-bars  seem  to  give 
the  truest  indication  of  chill,  and  that  in  larger  bars  the  chill  is 
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entirely  removed  after  the  chilled  surface  has  become  too  hot 
to  produce  a  chill.  This  makes  the  chill  independent  of  the 
size,  chemical  composition  of  mixture,  shape,  etc.,  and  depen- 
dent on  the  temperature  which  may  be  attained  by  the  "  chill 
surface."  Further,  he  says  (bottom  of  page  547),  that  the  depth 
of  chill  is  the  same  no  matter  what  may  be  the  size  of  the  cast- 
ing, and  that  a  small  bar  gives  the  same  record  as  a  large  one, 
which  is  a  direct  contradiction  of  the  statement  that  the  small 
bar  gives  the  truest  indication  of  chill.  Again  he  says  (page  547), 
*'  it  is  evident  that  the  depth  of  chill  is  related  to  the  percentage 
of  silicon  in  the  casting,  but  the  quality  of  the  metal  melted 
exerts  a  great  influence  on  chill.  The  iron  fi.rst  taken  from  a 
cupola  has  a  greater  depth  of  chill  than  that  drawn  later  on,  as 
shown  by  the  depth  of  chill.  Series  7  and  9."  With  all  these 
factors  affecting  the  chill  of  a  casting,  how  can  we  determine  it 
from  a  single  one  ?  That  the  chill  is  not  proportional  to  the 
silicon  in  the  mixture  is  evident  from  a  glance  at  Table  III. 
(page  548),  where  we  see  that  a  percentage  of  .83  of  1  per  cent, 
of  silicon  produces  a  chill  of  .80  in  all  the  bars  of  Series  1  which 
vary  in  sectional  dimensions  from  |  inch  square  to  4  inches, 
square,  and  .91  of  1  per  cent,  silicon  produces  a  chill  of  .65  in  a 
^-inch  square  bar,  and  none  in  the  3-inch  and  4-inch  square  bars 
of  Series  9.  The  fact  that  a  percentage  of  2.77  silicon.  Series  12, 
produces  a  chill  of  0.4  in  a  4-inch  square  bar  and  none  in  the 
2-inch,  3-inch,  and  4-inch  square  bars,  cannot  be  accounted  for 
by  saying  that  the  chill  was  moved  on  account  of  its  not  being 
strong  enough  ;  for  certainly,  if  it  was  strong  enough  to  resist 
the  moving  tendency  in  Series  1,  it  should  have  remained  the 
same  throughout  in  Series  7  and  9.  The  records  of  Series  8 
clearly  show  that  the  chill  does  not  depend  on  the  size  of  bar  or 
amount  of  silicon  in  the  mixture,  but  is  due  to  some  cause  other 
than  that  supposed  by  Mr.  Keep. 

The  shrinkage  of  a  casting,  Mr.  Keep  states,  is  influenced  by 
the  composition  of  the  mixture,  the  size  and  shape,  and  the  rate 
of  cooling.  He  considers  the  rate  of  cooling  proportional  to  the 
size  of  the  castirgs,  for  he  says  :  "  The  slower  a  casting  cools 
the  larger  will  be  the  crystals,  therefore  a  large  casting  will 
shrink  less  in  its  outside  dimensions  than  a  small  casting  from 
the  same  metal."  If  the  rate  of  cooling  depended  on  the  size  of 
a  casting,  in  order  to  change  the  rate  of  cooling  it  would  be 
necessary  to  change  the  size  of  the  casting. 
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Ou  one  page  we  are  informed  that  tlie  slirinkage  varies  in 
proportion  to  the  percentage  of  silicon  in  the  mixture,  and  also 
in  proportion  to  the  size  of  the  casting.  On  another  page  he 
tells  us  that  there  is  no  given  shrinkage  for  any  given  percent- 
age of  silicon.  The  writer  would  like  to  know  what,  in  Mr.  Keep's 
opinion,  is  the  cause  of  shrinkage  in  a  casting ;  and  if  we  cannot 
discover  the  cause,  how  can  we  construct  tables  and  charts  to 
determine  the  effects  of  it? 

In  order  to  accept  Mr.  Keep's  method  for  testing  cast  iron,  we 
must  also  accept  the  principles  upon  which  it  is  based,  which 
are,  that  the  shrinkage  depends  : 

1st.  Upon  the  chemical  composition  of  the  mixture. 

2d.  Upon  the  size  of  the  casting. 

3d.  Upon  the  rate  of  cooling. 

The  tables  and  charts  are  based  on  this  assumption.  Mr. 
Keep  repeatedly  mentions  in  his  paper  that  the  shrinkage  does 
not  depend  on  the  silicon,  for  he  says  (near  bottom  of  page  553) : 
"  Irons  having  the  same  chemical  constitution  may  have  totally 
different  physical  qualities.  For  this  reason  there  is  no  given 
shrinkage  for  any  given  percentage  of  silicon.  It  is  impossible 
to  prescribe  a  given  chemical  composition  that  will  at  all  times 
give  a  required  physical  record."  Eef erring  to  Table  VII.  (bot- 
tom of  page  553),  he  says  :  "  In  these  cases  the  same  brands  of 
iron  were  used,  and  both  were  tested  in  the  same  way,  and  the 
chemical  composition  is  substantially  the  same,  and  yet  the 
physical  quality  is  very  different." 

Now,  as  to  size,  it  may  be  said  in  general  that  the  physical 
properties  of  a  body  do  not  depend  upon  its  size,  and  cast  iron 
does  not  present  an  exception  to  this  rule.  Mr.  Keep  says 
(middle  of  page  555) :  "  The  variations  in  shrinkage  in  different 
sizes  of  casting  are  due  to  the  difference  in  the  rate  of  cooling," 
wliich  he  considers  proportional  to  the  ratio  between  the 
volume  and  the  square  inches  of  surface.  Hence,  for  a  given 
definite  body,  there  can  only  be  one  rate  at  which  it  can  cool. 
The  laws  which  govern  the  transferrence  of  heat  from  one  body 
to  another  are  thus  set  at  naught  by  Mr.  Keep.  Example  1 
(page  5G3,>  indicates  the  method  for  obtaining  the  percentage  of 
silicon  and  shrinkage  for  any  casting,  from  the  shrinkage  of  the 
proposed  standard  ;  but  bofore  we  can  accept  this  method  Mr. 
Keep  must  tell  us  what  slirinkage  will  be  produced  in  the  half- 
inch  bar  by  a  given  percentage  of  silicon,  then  prove  that  the 
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shrinkage  is  proportional  to  the  rate  of  cooling,  and  that  the 
rate  of  cooling  is  proportional  to  the  size,  and  that  the  size  is 
proportional  to  the  ratio  between  the  volume  and  the  square 
inches  of  surface. 

In  working  out  Example  1,  Mr.  Keep  considers  a  strip  of  a 
certain  casting  to  have  three  dimensions,  when  considering  its 
volume,  and  only  two  when  considering  its  surface. 

Would  it  not  be  wiser,  before  we  settle  upon  a  method  for 
determining  shrinkage,  to  ascertain  the  fact  as  to  whether  cast 
iron  shrinks  at  all  ?  It  would  be  a  good  joke  if,  after  going  to  such 
trouble,  some  one  would  prove  that  cast  iron  does  not  diminish 
in  volume  while  passing  from  the  liquid  to  the  solid  state.  The 
writer  laments  the  fact  that  he  is  not  familiar  with  foundry  work, 
but  from  general  observations  he  is  of  the  opinion  that  cast  iron 
increases  in  volume  in  the  passage  from  the  liquid  to  the  solid 
state,  basing  this  opinion  on  these  facts  : 

1st.  That  the  density  of  liquid  cast  iron  is  greater  than  that  of 
the  same  iron  when  solidified. 

2d.  That  the  volume  of  a  body  in  the  liquid  state,  whose 
elements  are  chemically  combined,  is  smaller  than  when  the 
elements  are  mechanically  combined,  as  is  the  case  in  cast  iron. 

Mr.  Thomas  D.  West. — The  first  point  in  Mr.  Keep's  paper  en 
w^hich  I  differ  with  him  is  where  he  says  that  "  different  castings 
poured  from  one  ladle  of  iron  will  vary  in  quality,  and  such 
variations  cannot  be  explained  by  chemical  analysis,  as  the 
chemical  composition  may  be  the  same  in  both.  The  difference 
seems  to  lie  in  a  different  crystalline  structure."  My  experience 
is  that  chemical  analysis  can,  in  most  cases,  be  depended  upon 
to  suggest  the  cause  of  differences  in  crystalline  structure.  If 
Sjll  conditions  are  the  same,  except  size,  we  may  generally  expect 
that  the  denser  castings  have  their  carbon  more  in  combination, 
since  quick  cooling,  as  in  a  small  casting,  prevents  the  separation 
of  the  carbon  into  the  graphitic  state.  In  shops  doing  both 
heavy  and  light  work,  the  best  opportunities  are  found  to  observe 
these  peculiarities. 

In  my  opinion  there  is  a  direct  relation  between  the  record  of 
a  test  and  the  composition  of  the  iron,  and  also  a  direct  relation 
between  the  record  of  a  test  and  the  size  of  the  casting,  as  well 
as  its  shape. 

It  is  well  known  that  I  have  taken  issue  with  Mr.  Keep  on 
the  subject  of  the  best  form    of   a  test-bar.     What  I  seek  to 
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recommend  would  be  a  form  and  size  convenient  to  mould,  to 
handle,  and  to  test,  and  one  which  should  at  the  same  time  pre- 
sent on  its  fracture  a  crystalline  structure  nearly  the  same  as 
that  of  pig  metal,  if  re-melted  and  poured  into  pigs  or  bars  of  a 
similar  size.  What  we  all  want  to  do  is  to  find  a  standard  form 
of  bar  which  would  give  us  at  the  same  time  a  record  of  strength, 
contraction,  and  chill  which  we  could  express  in  percentages,  or 
in  degrees,  as  on  the  scale  of  a  thermometer ;  but  if  this  cannot 
be  done,  let  us  have  a  test  which  will  record  certain  physical 
properties  only,  while  other  special  properties  would  be  ignored, 
and  then  let  us  understand  the  limitations  of  this  second  plan. 
In  my  opinion  the  ^-incli  bar  is  too  small  for  the  first  object, 
and  a  2-inch  or  4-inch  bar  is  too  large,  which  are  my  reasons 
for  preferring  the  round  1-inch  bar  that  I  have  advocated 
elsewhere. 

It  is  gratifying  to  find  the  author  agreeing  with  me  that 
sulphur  is  to  be  absorbed  from  the  fuel,  although  he  does  not 
agree  fully  with  me.  In  many  cases,  strength  in  an  iron,  which 
could  be  secured  by  high  percentage  of  sulphur,  is  better  secured 
by  low  silicon,  or  a  wise  selection  of  a  percentage  of  each.  I 
have  found  in  my.  experience  that  it  is  as  essential  to  take 
account  of  the  sulphur  as  of  silicon,  if  not  more  so.  A  small 
change  in  the  percentage  of  sulphur  will  change  the  physical 
character  of  an  iron  more  than  three  to  six  times  that  same 
change  in  the  silicon  percentage. 

Referring  to  Mr.  Keep's  table,  descriptive  of  the  making  of  his 
test-bars,  in  my  opinion  it  was  not  advisable  to  have  cast  those 
bars  by  tappings.  The  iron  should  have  been  caught  all  in  one 
ladle,  and  the  bars  for  each  series  all  poured  from  that  one  ladle. 
I  agree  fully  with  the  author's  statement  that  cast  iron  is  very 
sensitive  to  any  change  in  size  or  shape  of  a  casting,  and  that,  in 
melting,  the  heat  of  the  cupola,  the  intensity  of  the  blast,  and 
the  manner  in  which  the  melted  metal  is  handled  have  a  decided 
efifect  on  the  physical  character  of  the  casting. 

My  experience  induces  me  to  the  belief  that  the  depth  of  the 
chill  in  a  test-bar  is  much  afiected  by  a  few  degrees  difference 
of  temperature  in  the  iron  when  poured.  The  degree  of  fluidity 
in  pouring  makes  a  great  difference  in  the  depth  of  the  chill.  I 
think  that  Mr.  Estrada  is  correct  in  his  statement  that  in  one  of 
the  series  the  cliill  is  due  to  some  other  cause  than  that  sug- 
gested by  the  author. 
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There  has  lately  been  advanced  a  theory  that  the  specific 
gravity  of  castings  poured  on  end  is  greater  at  the  bottom  than 
at  the  top,  and  that  consequently  test-bars  should  be  cast  flat. 
I  have  been  making  some  experiments  in  this  direction,  and  they 
do  not  bear  out  the  statements  of  the  theory.  I  took  a  gate  six 
and  a  half  feet  long  and  three  inches  in  diameter,  and  took  a  test 
piece  six  inches  from  the  top,  and  another  five  feet  from  the  top. 
The  gate  was  parallel,  so  that,  in  turning  up  these  specimens, 
the  same  amount  of  surface  was  removed  from  each.  The  speci- 
mens were  machined  of  exact  size,  by  Messrs.  Warner  and  Swa- 
sey,  and  were  then  delivered  to  the  laboratory  of  the  Case  School 
of  Applied  Science  to  be  weighed.  The  figures  of  Professor 
Benjamin's  report  are  as  follows : 

Weight  of  top  end  of  gate  in  vacuum 1169.468  grams. 

Weight  of  bottom  end      ''  ''         1167.239      •' 

Volume  of  top  end  of  gate , .     165.722  cu.  cent. 

Volume  of  bottom  end     "     165.768       " 

T^      .        *.  ^    ^      .        1169.408      ^  ^.^o 

Density  of  top  end  of  gate  =  ^      =  7.0o68. 

1167  239 
Density  of  bottom  end  of  gate  =  "|I      =  7.0414. 

Difference  =  .0154  only,  and  the  plug  from  the  upper  end  is  the  denser. 

Prof.  C.  H.  Benjamin. 

The  following  is  an  extract  from  the  Builders'  Iron  Foundry, 
presenting  a  series  of  tests  on  the  specific  gravity  of  vertical 
poured  castings  : 

Mr.  Thos.  D.  West  : 

Dear  Sir, — If  you  have  a  copy  of  our  pamphlet  "  Our  Share  in  Coast  Defence," 
Part  I.,  you  will  find  an  illustration  on  the  third  page  showing  the  position  of 
the  casting  from  which  the  test  specimens  were  ordinarily  taken.  We  regret 
that  we  have  not  a  copy  of  this  pamphlet  which  we  can  send  to  you.  as  the  edition 
is  exhausted,  but  in  a  general  way  we  can  say  that  the  lower  test  disk  was  taken 
about  eleven  feet  from  the  bottom  of  the  casting  and  two  and  a  half  feet  from 
its  upper  end. 

The  majority  of  the  tests  showed  the  specific  gravity  of  the  muzzle  specimens 
to  be  higher  than  the  breech  specimens,  and  also  to  be  harder  and  of  higher  ten- 
sile strength,  which  is  the  reverse  of  what  we  had  been  led  to  expect.  We 
enclose  a  list  showing  the  average  specific  gravity  of  all  the  casts  made  for  spe- 
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cific  gravity  of  breech  and  muzzle  specimens  on  the  first  six  mortar  castings  and 
on  the  last  six  mortar  castings  made  by  us.  For  exact  confirmation  of  all  this 
we  would  refer  you  to  the  otficial  reports  of  the  Chief  of  Ordnance  for  1890  and 

1893. 

Yours  truly, 

Builders'  Iron  Foundry. 
R.  A.  Robertson,  Treasurer. 

TESTS  OF   SPECIFIC    GRAVITY   OF    FIRST   AND    LAST   SIX  MORTAR 

CASTINGS. 


Namber  of  heat. 

Specific  gravity  of  muzzle  or 
top  end  of  gun. 

Specific  gravity  of.  breech  or 
bottom  end  of  gun. 

78 

79 

80 

87 

88 

89 

185 

186 

187 

188 

189 

190 

7.238 

7  2436 

7.256 

7.2934 

7.278 

7.335 

7.3263 

7.8325 

7.3404 

7.3636 

7.349 

7.3845 

7.2478 

7.2447 

7.269 

7.2882 

7.285 

7.329 

7.3183 

7.3253 

7.345 

7.3836 

7.340 

7.3267 

Average 

87.69*03 

7.3075 
7.3024 

87.6524 

7.3043 
7.3042 

The  above  tests  and  figures  appear  to  indicate  that  there  is  no 
condition  which  will  cause  practically  any  difference  in  the  lower 
and  upper  end  of  vertically  poured  castings,  in  the  sense  which 
has  been  generally  accepted. 

Taking  up  now  the  subject  of  shrinkage,  I  repeat  my  previous 
statement  that  we  cannot  ignore  the  influence  of  sulphur  in  reg- 
ulating the  effect  of  silicon.  An  alteration  of  ten  in  the  figures 
for  per  cent,  of  sulphur  will,  in  my  experience,  change  results 
more  than  a  cliange  of  twenty  to  fifty  in  the  amount  of  silicon. 

Mr.  K  11.  Mumford. — I  simply  want  to  call  attention  to  the  fact 
that  this  paper  leaves  out  the  question  of  elasticity  entirely,  as 
that  has  to  be  considered  later,  the  data  not  having  yet  come  in, 
and  we  have  loft  the  three  elements  of  strength,  shrinkage,  and 
chill.  The  strength  has  a  certain  amount  of  importance,  and  the 
chill  a  certain  amount,  but,  in  my  opinion,  the  shrinkage  is  the 
matter  of  tlie  greatest  importance,  and  the  plotted  chart  in 
Mr.  Keep's  paper,  from  actual  tests  of  shrinkage,  shows  a  very 
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valuable  conclusion,  well  pictured  in  that  diagram.  If  you  will 
notice,  the  shrinkage  of  a  ^-inch  bar,  due  to  changes  of  mixture, 
with  1  per  cent,  silicon,  he  chronicles  at  .183  shrinkage,  with 
3  per  cent,  at  .185,  a  difference  of  .048  of  an  inch.  Taking 
a  4  inch  bar,  the  1  per  cent,  silicon  gives  .102  shrinkage,  the 
3  per  cent,  silicon  gives  .045  shrinkage,  a  difference  of  .057 
per  cent.  The  range  of  shrinkage  in  the  4-iuch  and  in  the 
^-inch  varies  very  little,  as  the  contour  of  the  curves  would 
show  ;  the  whole  indicating  that  any  one  size  of  bar  is  as  good 
as  another  for  the  relative  test  of  shrinkage.  While  the  gross 
shrinkage  of  a  4-inch  bar  is  much  less  than  the  gross  shrinkage 
of  a  ^-inch  bar,  the  change,  in  either  size  of  bar,  of  i  of  1  per 
cent,  in  silicon  produces  almost  equal  effects.  The  irregularity 
in  the  chill  tests  I  believe  to  be  entirely  due,  as  Mr.  Keep  sug- 
gests, to  the  washing  of  the  chilling  surface,  because  it  is  well 
known  that  if  a  chilling  surface  is  heated  by  iron  washing  over 
it,  or  by  other  means,  it  will  chill  less  deeply  than  if  cold,  and 
plans  have  even  been  adopted  for  kee]3ing  the  chilling  surfaces 
cool.  Therefore  I  believe  we  shall  have  in  the  future  more  sat- 
isfactory results  of  chill  tests  than  are  given  in  the  jDaper,  and  I 
believe  the  main  value  of  the  report,  so  far  (this  is  only  prelim- 
inary, as  I  understand;,  is  in  the  proof  as  to  shrinkage  that  one 
size  of  bar  is  as  good  as  another  for  showing  relative  results. 

M7\  Gus  C,  Henning. — I  would  like  to  say  just  a  few  words  in 
regard  to  the  value  of  the  test-bars  made  for  the  purposes  of 
the  committee.  The  fact  that  all  the  bars,  without  exception, 
were  perfect,  is  pretty  good  evidence  that  those  bars  were  a 
good  set  of  bars  for  those  purposes.  The  fact  that  it  is 
not  stated  in  the  paper,  is  because  the  bars  had  not  all  been 
tested.  The  fact  that  the  metal  was  not  all  poured  into  a  ladle 
and  then  stirred  up,  of  course  is  one  which  would  act  against 
the  quality  of  the  iron,  and  in  future  tests  that  I  have  asked  for 
we  will  probably  do  that.  But  that  cannot  always  be  avoided. 
When  all  the  metal  was  melted  down  in  the  cupola  and  left  there 
before  it  was  drawn  out,  we  tried  to  do  that,  and  we  found  that 
we  could  not  do  it.  If  you  had  taken  that  metal  and  poured  it 
from  the  big  ladle  into  several  other  little  ladles,  we  would  not 
have  known  what  the  iron  in  the  last  ladle,  or  the  second  or 
third  ladle,  was.  So  we  ran  down  certain  heats,  and  then  poured 
as  fast  as  we  could  after  tapping.  When  you  handle  such  large 
masses  of  material,  you  have  got  to  take  other  precautions  than 
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simply  casting  twenty  bars  out  of  one  ladle.  But  the  fact  that 
the  bars  were  every  one  perfect  shows  that  the  method  was  not 
verv  far  defective  in  obtaining  such  satisfactory  bars. 

Mr.  West  has  brought  up  several  points,  and  as  soon  as  the  com- 
mittee's facts  will  appear,  every  one  can  satisfy  himself  whether 
those  strictures  made  by  Mr.  West  are  based  on  what  the  com- 
mittee has  in  hand,  or  whether  they  are  simply  given  on  belief. 

Mr.  Kobertson's  results,  quoted  by  Mr.  West,  cannot  be  taken 
as  they  stand.  When  we  make  a  comparison  of  specific  gravity 
we  must  cast  a  pure  article  of  one  diameter  throughout.  As 
soon  as  we  take  into  account  the  immense  effect  of  the  tempera- 
ture of  a  great  bulk  of  metal  down  at  the  breech  of  a  gun,  we  do 
not  know  anything  about  the  muzzle. 

Jfr.  John  Fritz. — While  these  experiments  are  peculiarly  in- 
teresting, it  does  not  strike  me  that  they  are  exactly  what  the 
practical  man  wants. 

J//'.  Henning. — We  are  trying  to  find  out  what  the  practical 
man  wants.  We  brought  up  this  paper  and  simply  started  the 
discussion.  If  the  gentlemen  all  send  in  their  discussions  in 
writing,  we  will  know  what  they  say. 

^L^\  Fritz. — When  doctors  disagree,  the  patients  are  in  rather 
a  bad  fix.  I  have  had  some  little  experience  in  making  castings 
—  not  a  great  deal,  but  there  is  one  thing  I  know :  when  I  go  to 
make  a  casting,  I  do  not  go  to  any  laboratory  tests.  I  take  a 
casting  of  the  size  the  casting  is  going  to  be,  and  I  take  that 
casting  and  test  from  all  the  different  parts  of  the  casting,  and 
in  that  way  you  get  at  a  result  for  the  purpose  you  want,  and 
there  is  no  other  way  that  you  can  do  it. 

Mr.  Cartvjrifjld. — I  am  another  heretic,  Mr.  President. 

Mr.  W.  F.  Durfee. — In  regard  to  the  shape  of  test  specimens 
I  have  just  one  word  to  say,  and  that  is  this :  you  may  try  as 
much  as  you  can  to  get  perfectly  uniform  conditions  in  your 
test  specimen,  but  you  won't  be  as  likely,  in  my  judgment,  to 
get  sucli  conditions  in  a  rectangular  or  square  bar,  as  you  will 
in  a  cylindrical  or  elliptical  bar. 

It  is  <or  should  be)  a  well-known  fact  that,  in  passing  from  a 
fluid  to  a  solid  condition,  the  molecules  of  most,  if  not  all,  metals 
arrange  themselves  in  a  crystalline  form,  perpendicular,  or  nor- 
mal, to  those  surfaces  at  which  solidification  commences,  and 
from  which  it  proceeds  to  the  interior  of  the  mass.  In  the  case 
of  a  square  bar,  the  crystals  arrange  themselves  perpendicular 
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to  the  sides  of  the  bar,  and  as  a  consequence  there  will  be 
developed  two  diagonal  planes  of  weakness,  as  shown  in  Fig. 
163,  where  the  inner  ends  of  these  crystals  meet  and  become 
more  or  less  entangled.  I  say  more  or  less  entangled  advisedly  ; 
for  upon  the  union  of  these  crystals  in  the 
interior  of  the  mass  along  the  planes  of 
weakness  before  named  depends  in  no 
small  degree  the  strength  of  the  bar.  This 
being  the  case,  it  seems  advisable  to  select 
a  form  of  cross-section  for  cast  test  speci- 
mens in  which  all  planes  of  weakness  are 
eliminated.  In  a  rectangular  cross-section 
the  crystals  near  the  anorles,  in  arranging 
themselves  perpendicular  to  the  cooling 

surfaces,  will,  as  to  their  interior  ends,  become  more  or  less  per- 
fectly entangled  and  united  along  the  diagonal  planes  of  weakness 
before  named ;  but  as  the  degree  of  perfection  of  this  entangle- 
ment and  union  is,  and  cannot  be  otherwise  than,  purely  acci- 
dental, the  test  specimens  must,  on  a  corresponding  degree, 
show  a  want  of  uniformity  in  results.  A  circular  cross-section 
is  not  liable  to  cause  irregularities  of  the  kind  named,  as  it 
has  no  planes  of  weakness. 

Mr.  Wood. — Suppose  you  test  the  bar  on  its  side,  not  in  the 
way  it  is  cast. 

Mr.  Durfee. — I  don't  know  that  that  would  make  any  difference. 
It  is  perfectly  well  known  that  the  crystals  of  rectangular  bars 
do  arrange  themselves  in  the  way  described. 

2Ir.  John  Piatt. — I  do  not  get  up  to  speak  as  a  foundry  expert, 
but  simply  as  a  member  of  this  Society  who  has  some  interest 
in  the  work  done  by  the  committees  who  take  so  much  trouble 
to  investigate  subjects  for  us.  It  must  not  be  forgotten  that  we 
have  been  discussing  the  work  of  a  committee  and  not  an  indi- 
vidual. Now,  as  a  society,  we  are  interested  in  getting  results 
which  are  going  to  be  of  use  to  us  generally  in  the  profession. 
And  as  an  attack  has  been  made  on  the  methods  adopted  by  this 
committee  of  the  Society  who  are  carrying  on  tests  for  us,  in  a 
certain  way  I  think  it  is  our  duty  to  consider  somewhat  the 
attacks  made  here  and  see  if  there  is  any  ground  for  them,  and 
if  the  basis  on  which  they  are  made  is  sufficiently  encouraging 
to  be  looked  into  further.  One  of  the  principal  grounds  taken 
seems  to  be  the  shape  and  size  of  the  test-bar,  and  whether  it 
37 
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is  to  be  square  or  round.  Experiments  have  been  made  which, 
if  what  we  are  told  is  true,  and  the  test  has  been  carried  out 
properly,  should  have  a  great  deal  of  bearing  on  the  subject.  In 
speaking  of  the  square  bar,  I  would  like  to  ask  a  question  of 
some  of  the  theoretical  men  present.  Keference  has  been  made 
to  the  square  bar,  and  the  position  which  the  molecules  of  the 
iron  took  in  cooling,  and  the  form  which  they  took  has  been 
advanced  as  an  objection  to  that  form  of  bar  for  a  test-bar.  It 
was  stated  that  they  took  up  the  arrangement  shown  in  sketch 
(Fig.  165).  Is  it  not  a  fact  that  the  modulus  of  the  cross-section 
of  a  square  bar  is  practically  two  triangles,  and  that  those  tri- 
angles are  the  ones  that  come  into  play  almost  entirely  in  work- 
ing out  the  results  ?     In  a  round  bar,  which  was  supposed  to  be 
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so  much  better,  the  molecules  were  shown  arranged  radially. 
The  section  of  the  equivalent  figure  of  a  round  bar,  as  shown  in 
sketch  (Fig.  164\  is  in  that  shape,  and  the  molecules  to  my 
mind  do  not  take  up  such  an  advantageous  form.  And  then, 
with  regard  to  the  testing  of  these  square  bars,  if  I  understood 
aright,  there  was  a  difi-erence  of  four  hundred  pounds  in  some  of 
these  tests.  What  else  could  we  expect?  I  speak  not  as  a 
foundryman,  but  I  have  had  something  to  do  with  testing  in  the 
laboratory,  and  to  think  of  taking  square  bars  promiscuously 
when  you  are  attacking  a  method  which  is  being  worked  out  by 
the  Society,  and  taking  some  that  are  cast  with  the  face  down,  and 
some  with  the  face  up,  and  testing  them  at  random,  then  com- 
paring the  results,  and  saying,  we  do  not  get  uniform  results,  and 
therefore  the  system  is  wrong,  without  testing  them  with  one 
side  down  or  up  ;  and  in  that  connection  Mr.  West  has  stated 
elsewhere  that  Jie  found  a  much  denser  portion  at  the  bottom 
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of  a  round  bar.  In  the  last  discussion  he  stated  that,  in  a  bar 
cast  vertically,  they  found  in  testing  that  the  metal  was  practi- 
cally more  dense  at  the  top  than  at  the  bottom.  If  those  are 
the  results  we  have  to  figure  from  in  condemning  their  methods, 
I  think,  perhaps,  the  committee  are  not  working  altogether  on 
bad  lines  just  at  present. 

Mr.  Henning. — I  should  like  to  say  that  if,  in  the  work  of  this 
committee,  we  had  to  deal  with  square  bars  cast  flat,  which  vary 
among  themselves  to  the  extent  of  four  hundred  pounds,  these 
having  been  observed  as  closely  as  possible,  we  will  give  up  our 
work.  Those  are  not  test-bars.  That  is  not  a  good  foundry- 
man's  work.  I  mentioned  yesterday  that  all  the  bars  were  per- 
fect. Now,  I  wish  to  say  that  if  we  find  that  we  cannot  control 
the  strength  of  a  bar  twelve  inches  long  and  one  inch  square 
within  four  hundred  pounds,  we  cannot  get  at  any  results  at  all, 
and  had  better  throw  everything  away.  I  maintain  that  if  bars 
are  not  cast  within  such  a  wide  limit,  those  bars  are  not  worth 
anything. 

2fr.  Piatt. — It  speaks  somewhat  then  for  the  work  of  the  com- 
mittee if  we  find  that  the  tests  they  have  made  vary  so  little. 
Their  experiments  certainly  must  have  a  great  deal  of  value  if 
they  get  as  good  and  uniform  results. 

2fr.  Holloivay. — I  have  listened  to  the  discussion  with  a  great 
deal  of  interest,  and  I  am  sure  all  who  are  here  have  listened 
with  the  same  interest.  But  it  seems  to  me  that  the  work  of 
the  committee  has  been  wholly  in  the  direction  of  making  tests 
in  a  certain  line,  and  as  nearly  as  they  could  under  positive  and 
fixed  conditions,  Tlie  results  I  am  not  entirely  familiar  with, 
but  I  am  quite  sure  that  the  Society  feels  under  very  great  obli- 
gation to  them  for  the  great  deal  of  labor  and  interest  they  have 
taken  in  producing  these  results.  As  Mr.  Henning  has  said,  it 
is  very  proper  and  right,  if  you  are  undertaking  to  test  anything, 
you  have  got  to  test  the  same  thing  all  the  time,  and  under  the 
same  conditions,  and  they  have  done  so  as  far  as  they  possibly 
could,  and  the  results  they  bring  before  the  Society  are  the  re- 
sults obtained  under  those  particular  conditions  ;  and  for  these 
results,  and  for  the  labors  they  have  gone  through,  they  are 
certainly  entitled  to  the  thanks  of  the  Society.  On  the  other 
hand,  Mr.  West  has  started  on  his  own  account  to  make  some 
tests  in  regard  to  the  strength  of  iron,  and  in  order  to  satisfy 
himself  of  the  differences  in  iron  and  iron  test-bars  made  under 
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different  conditions,  lie  lias  made  a  great  variety  of  tests  in  his 
wav ;  and  lie  comes  here  and  tells  us,  very  truthfully  and  very 
properlv,  that  bars  cast  in  some  particular  method,  and  of  the 
same  iron,  are  not  near  as  strong  as  bars  cast  in  some  other 
method ;  so  that,  while  his  experiments  are  very  useful  and 
very  good,  there  can  be  no  fair  comparison  made  between 
the  two.  I  think  that  is  simply  the  situation.  The  committee 
have  gone  on  in  one  particular  line,  and  have  made  their 
tests  in  that  line.  Mr.  West  has  gone  on  another  line,  to  test 
for  himself  what  results  will  grow  out  of  making  bars  under 
varying  conditions.  There  has  also  come  into  this  discussion 
the  question  of  making  castings.  That  is  valuable,  because 
that  is  what  this  sort  of  a  gathering  is  for ;  it  is  to  bring  out 
the  practical  experience  of  men  engaged  in  making  castings,  and 
the  making  of  test-bars  and  tests  are  only  valuable  as  they  help 
us  to  make  good  castings.  I  would  think  there  is  no  need  of 
carrying  the  discussion  further  on  these  particular  lines,  because 
each  is  working  on  a  different  line  altogether,  and  there  is  no 
satisfactory  comparison  that  can  be  made  between  the  two. 

J//*.  Kent. — The  practical  founder  has  claimed  for  a  thousand 
years,  more  or  less,  that  the  shrinkage  of  cast  iron  is  one-eighth 
of  an  inch  to  the  foot.  Mr.  Keep  has  put  in  his  paper  a  diagram 
showing  that  the  shrinkage  of  iron  is  not  one-eighth  of  an  inch 
to  the  foot,  but  something  else  ;  and  if  we  want  to  know  what  the 
shrinkage  of  iron  is,  we  will  have  to  put  a  microscope  on  his  dia- 
gram and  analyze  the  iron  for  silicon.  Now  I  am  going  to  try  to 
prove  from  Mr.  Keep's  own  diagram  that  the  shrinkage  of  cast 
iron  is  one-eighth  of  an  inch  to  the  foot,  or  just  what  the  practical 
man  savs  it  is. 

Mr.  Fritz. — I  am  rather  a  practical  man,  and  I  take  exception 
to  that.     The  shrinkage  is  not  one-eighth  of  an  inch. 

Mr.  Kent. — In  the  first  place,  it  appears  that  the  average  of  the 
whole  diagram  is  just  about  .125,  or  one-eighth  inch  per  foot. 
Let  us  analyze  the  diagram  in  detail.  We  find  that  the  ratio  of 
cubic  inches  of  contents,  divided  by  square  inches  of  cooling 
surface,  is  very  small  when  we  have  a  small,  thin  piece.  Now^ 
the  practical  founder,  if  he  had  to  make  a  very  small  casting  or 
a  very  thin  casting,  will  use  a  very  open-grained  iron,  high  in 
silicon ;  and,  according  to  the  diagram,  if  he  will  put  3  per 
cent  of  silicon  in  that  small  casting  he  will  get  a  shrinkage  of 
one-eighth  of  an  inch  to  the  foot.     If,  like  Mr.  Fritz,  he  wants  to 
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make  a  big  casting,  equiyalent  to  a  bar  4  inches  square,  he 
will  use  a  fine-grained  iron,  which  will  come  down  to  1  per 
cent,  of  silicon.  If  he  wants  a  casting  intermediate  between  the 
two,  if  he  puts  in  2  per  cent,  of  silicon  he  will  get  the  same 
shrinkage.  So  the  practical  founder,  without  knowing  anything 
about  silicon,  but  knowing  about  the  grades  of  iron  sold  in  the 
market,  will  put  in  a  very  close  grained  iron,  that  is,  one  low  in 
silicon,  when  he  wants  to  make  a  very  large  casting,  and,  accord- 
ing to  the  diagram,  he  will  get  his  shrinkage  of  one- eighth  of  an 
inch  to  the  foot.  When  called  on  to  make  thin  castings  he  will 
buy  the  high-silicon  iron,  and  according  to  Mr.  Keep's  diagram 
he  will  again  get  the  shrinkage  one-eighth  of  an  inch  to  the  foot. 
So  that  my  proposition  is  that,  according  to  Mr.  Keep's  diagram, 
what  the  practical  man  uses  is  that  percentage  of  silicon  which 
makes  the  shrinkage  one-eighth  of  an  inch  to  the  foot. 

Mr.  Uaiohins. — I  would  like  to  say  a  word  as  to  the  inutility  of 
this  diagram  to  determine  the  shrinkage  of  iron.  As  I  understand 
it,  from  cursorily  going  over  the  part  relating  to  it,  all  other  con- 
ditions being  equal,  it  simply  defines  the  variation  in  shrinkage 
occasioned  by  the  variation  in  the  amount  of  silicon  in  the  iron. 
The  author  says  :  "  It  also  tells  its  story  in  a  definite  way,  and 
does  not  require  the  trained  judgment  of  an  expert  to  make  it  of 
practical  value.  Whatever  may  be  due  to  influences  ontside  of  the 
silicon  contained  in  the  casting,  an  increase  or  decrease  of  silicon 
will  lower  or  raise  the  shrinkage."  Now,  while  the  table  may  be 
available  as  simply  applicable  to  the  knowledge  of  what  effect 
silicon  has  upon  the  shrinkage,  it  is  of  very  little  use  to  enable  us 
to  determine  in  a  particular  piece  of  cast  iron  what  the  shrinkage 
is  going  to  be.  But  what  I  wanted  to  get  at  was  this  :  I  have  not 
heard  in  this  discussion,  outside  of  Mr.  West's  brief  reference  to 
it,  that  one  of  the  by  no  means  insignificant  things  which  does 
affect  the  shrinkage  of  a  casting  is  the  temperature  at  which  the 
iron  is  poured.  What  I  contend  for  is  that  the  temperature  at 
which  the  iron  is  put  into  the  mould  will  determine,  to  an  extent 
necessary  to  be  taken  into  account,  the  amount  of  shrinkage.  We 
all  have  seen  solid  cast  iron  float  when  put  upon  the  surface  of 
molten  cast  iron,  and  we  conclude  that  its  maximum  density  is, 
while  in  liquid  form,  somewhere  near  the  point  of  solidification. 
We  also  know  that  the  shrinkage  of  steel  castings  is  something 
over  double  that  of  cast  irons,  and  I  presume,  in  some  degree,  at 
least,  from  the  fact  that  steel  castings  are  poured  at  a  very  much 
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higher  temperature.  Now  it  occurs  to  me,  that,  as  a  guide  for 
determining  the  amount  of  shrinkage  of  castings,  and  important 
factor  is  left  out  if  we  disregard  the  effect  of  the  temperature  at 
which  it  is  poured.  While  I  may  not  be  able  to  explain  just  why 
castings  in  many  cases  have  less  shrinkage  as  they  are  poured 
cooler,  I  do  know  that  to  be  a  fact,  from  observation ;  but  I  do  not 
know  that  this  is  invariably  the  case,  or  that  the  reverse  may  not 
obtain  under  some  conditions.  It  seems,  however,  not  improb- 
ably connected  with  the  explanation  given,  to  the  effect  that  the 
crystalline  structure  of  the  cooled,  solidified  iron  is  different 
under  different  rates  of  cooling.  We  may  readily  see  that  a 
casting  of  considerable  volume,  if  poured  very  hot,  may  have  a 
longer  time  elapse  between  the  periods  when  its  peripheral 
parts  and  the  more  central  bulk  assume  the  solid  form,  than  if 
poured  cooler.  As  the  solidification  of  the  outer  or  more  super- 
ficial parts  to  some  small  depth  will  not,  probably,  absolutely 
control  its  final  dimensions,  is  it  not  probable  that  a  variation 
in  the  time  between  the  solidification  of  the  superficies  and  the 
subsequent  complete  solidification  of  the  whole  may  vary  this 
process  of  crystallization  ?  Since  a  variation  in  the  rate  of  cool- 
ing, as  a  whole,  does  this  very  thing,  the  difference  in  the 
temperature  of  pouring  makes  a  difference  in  the  general  rate 
of  cooling  after  the  superficial  parts  have  solidified. 

It  is  generally  understood  that  crystallization  takes  place 
at  a  somewhat  critical  period,  where  the  passage  of  a  body  from 
the  liquid  to  the  solid  occurs,  and  that  the  slower  this  point  is 
arrived  at,  the  larger  are  the  resulting  crystals.  That  the  ar- 
rangement of  the  crystals  among  one  another  may  vary  with  the 
rate  of  cooling,  as  the  paper  presents  it,  may  be,  and  probably 
is,  true  ;  but  it  seems  probable,  to  say  the  least,  that  the  size  of 
the  crystals  (which  is  determined  at  the  critical  point  of  solid- 
ification, and  is  not  varied  after  complete  solidification  by  the 
furthf'r  cooling)  determines  to  much  greater  degree  the  final 
volume  of  the  solid  when  cold  than  their  subsequent  rearrange- 
ment while  cooling  in  the  solid  crystalline  state. 

If  the  Huj)erficial  parts  thus  solidify,  in  one  case  incasing  a 
hotter  body  of  iron  than  in  another,  it  seems  clear  that  the  whole 
})od3'  of  the  casting  must  shrink  to  a  different  degree,  after  the 
solidification  of  the  exterior,  than  when  this  exterior  solidifica- 
tion takes  place  while  incasing  a  cooler  liquid  body. 

This  may  not  be  a  true  explanation  of  the  phenomena,  and 


EELATIVE   TESTS   OF   CAST   lEON.  583 

is,  indeed,  opposed  to  the  explanation  of  "  the  relation  of  shrink- 
age to  the  size  of  casting  "  given  in  the  paper  ;  it  is,  however,  a 
fact  which  any  foundrjman  may  satisfy  himself  of,  that,  every- 
thing else  equal,  any  considerable  variation  in  the  temperature 
at  which  a  casting  is  poured  will  vary  the  amount  of  shrinkage 
to  a  degree  not  to  be  disregarded  when  accuracy  is  sought ;  and 
generally,  the  hotter  the  pouring,  the  greater  the  shrinkage. 

2fr.  Henning. — I  wish  to  refer  to  these  diagrams,  which  Mr. 
Hawkins  seems  to  think  do  not  bear  that  out.  If  you  will  look 
on  Chart  XIY.,  page  559,  in  that  chart  are  six  series  of  tests,  each 
series  consisting  of  a  great  many  tests,  which  are  plotted.  You 
will  find  the  ratio  of  cubic  inches  of  contents  to  square  inches 
of  cooling  surface  at  the  top  of  the  chart.  That  shows  you  that 
account  is  taken  of  the  temperature,  because,  the  larger  the  ratio 
of  contents  to  cooling  surface  the  less  rapidly  will  that  material 
cool.  You  see  that  increase  from  zero  up  to  one.  In  the  other 
column  are  given  the  shrinkages  in  inches  per  foot  of  length. 
There  you  will  find  that,  iu  these  test-pieces,  the  larger  they  get 
the  less  the  shrinkage  will  be.  The  silicon  found  by  chemical 
analysis  in  each  series  is  given  at  the  beginning  and  at  the  end 
of  the  line.  Kow,  that  cliarfc  shows  distinctly  that  there  is  a 
certain  relation  between  temperature  in  the  flask  and  the  shrink- 
age in  the  material  poured.  Iu  the  first  case — Silicon  91,  Series 
7,  the  heavy  black  line  on  top — it  is  just  as  plain  as  in  the  last 
one,  although  the  irons  are  quite  different ;  the  shrinkage  de- 
creases as  the  size  of  the  test-piece  increases.  That  shows  that 
the  shrinkage  is  controlled  by  something  other  than  the  compo- 
sition, not  requiring  any  other  change  in  the  composition,  though 
there  may  be  other  differences.  But  in  every  case  it  will  be 
noticed  that  the  shrinkage  is  less  per  foot  as  the  casting  increases 
in  size.  The  bars  were  all  cast  at  the  same  time,  out  of  one 
ladle,  as  nearly  as  possible  up  to  a  certain  point.  Then  another 
ladleful  was  cast,  and  so  on,  because  we  could  not  hold  all  the 
iron  in  one  ladle.  Now  turn  to  the  previous  chart  on  page 
558,  and  you  will  find  the  same  thing  to  hold  good  on  other  irons. 
With  all  these  facts  before  Mr.  Keep,  and  thousands  of  others 
in  the  regular  routine  work  of  casting,  he  has  plotted  those 
curves  on  page  561.  Those  curves,  of  course,  are  abstract,  theo- 
retical. They  do  not  take  into  account  conditions  which  may  dis- 
turb the  effect.  They  do  not  take  into  account  accidental  changes 
due  to  fuel  that  comes  into  the  cupola.     They  do  not  take  into 
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account  the  amount  of  silicon  that  was  burned  out  in  the  cupola 
while  melting.  But  the  general  law  laid  down  in  those  smooth 
curves  is  found  to  hold  good  in  every  case.  Castings  are  made 
under  similar  conditions.  If  conditions  of  casting  are  varied  in 
the  slightest  the  castings  will  be  altogether  different,  and  cannot  be 
compared  with  the  others,  but  take  a  broad  curve  and  cover  these 
many  curves  on  pages  558  and  559,  and  you  will  find  that  they 
essentially  agree  with  these  curves  on  page  561.  The  variations 
in  those  lines  are  produced  by  conditions  that  could  not  be  con- 
trolled in  the  foundry  in  every  case.  As  experience  is  multiplied 
in  casting  the  same  bars,  these  errors  will  be  eliminated ;  some 
of  these  differences  here  may  be  corrected,  as  more  experiments 
are  made,  but  in  every  case  you  will  find  that  the  shrinkage  de- 
creases with  the  size  of  the  casting,  and  that  the  shrinkage 
decreases  with  the  amount  of  silicon  in  it,  provided  all  the  con- 
ditions under  which  those  pieces  have  been  made  were  identicah 
You  must  never  forget  tliat.  If  we  had  had  larger  castings, 
more  than  4  by  4,  we  might  have  shown  more  points  at  the  lower 
ends  of  these  curves,  and  there  might  be  other  facts  which  we 
have  not  been  able  to  determine.  Should  we  be  able  to  get  at 
definite  conclusions  with  regard  to  smaller  bars,  which  is  a  task 
of  infinite  pains,  we  hope  to  be  able  to  carry  these  curves  out 
further,  so  that  we  can,  with  one  or  two  actual  trials  of  a  larger 
casting,  determine  whether  our  curves  will  hold  good  for  larger 
casting^s  as  well ;  by  interpolation  we  can  get  approximate  values 
of  shrinkage  for  any  size  of  casting,  provided  that  the  casting 
was  made  under  the  same  condition  as  the  little  casting,  which 
every  foundryman  makes  for  himself.  You  see  that  any  one  iron 
has  a  great  many  percentages  of  shrinkage,  which  is  due  entirely 
to  mechanical  causes,  irrespective  of  the  chemical  composition. 
I  would  like  further  to  say  that  one  of  the  conditions  under 
which  these  test-pieces  are  prepared  is  that  the  temperature 
must  be  the  same  at  the  time  of  pouring.  We  do  take  it  into  con- 
sideration, inasmuch  as  we  get  our  test-pieces  cast  as  nearly  as 
possible  at  the  time  a  good  founder  decides  that  it  is  at  the  same 
temperature.  We  admit  that  the  work  may  be  incorrect,  for  that 
reason.  But  you  will  find  that  such  errors  eliminate  themselves 
in  a  great  series  of  experiments.  If  we,  for  instance,  make  a 
great  many  test-pieces  all  of  the  same  kind,  under  the  same  condi- 
tions, and  everytliing  is  alike  except  that  we  find  that  our  results 
are  different,  then  we  go  back  and  find  out  what  the  cause  was. 
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But  the  attempt  must  be  made  to  get  your  primary  conditions 
identical.  If  you  do  not  do  that  you  cannot  get  the  same  results, 
and  you  cannot  get  comparative  results.  If  any  one  will  tell  us 
how  to  measure  the  temperature  of  the  molten  metal  in  the  ladle, 
why,  we  will  do  it ;  but  so  far  no  one  has  been  able  to  determine 
that  before  the  iron  is  cold.  When  your  experience  indicates  that 
the  temperature  is  the  same  it  was  during  previous  casts,  then  go 
ahead  and  make  your  castings.  The  grain  depends  very  largely 
upon  the  temperature.  If  you  anneal  the  castings  the  grain  will  be 
altogether  different.  If  you  make  a  small  casting  you  will  get  a 
certain  grain  of  one  iron.  If  you  cast  six  pieces  of  different  sizes 
the  grain  will  vary  in  each  one  of  them,  although  they  were  poured 
in  the  same  heat,  the  same  flask,  and  other  identical  conditions. 
If  these  six  pieces  be  poured  in  different  flasks,  all  from  one 
ladle,  the  grain  will  again  be  different ;  in  the  former  case  the 
smaller  pieces  being  cast  with  the  larger  ones,  these  will  change 
the  grain,  because  of  the  temperature  effect.  Pour  a  bar  of  each 
given  size  by  itself,  under  the  same  conditions,  the  temperature 
of  pouring  being  exactly  the  same,  in  order  to  find  what  that 
little  piece  or  large  piece  will  do  under  those  conditions.  In  a 
large  piece  you  will  find  perfect  crystals.  Mr.  Keep  has  some, 
and  I  am  sorry  he  did  not  bring  them  here.  But  he  has  perfect 
crystals  of  cast  iron.  Where  the  difficulty  comes  in  in  finding 
out  anything  about  cast  iron,  is  this,  it  is  not  an  alloy,  and  it  is 
not  a  chemical  combination.  It  is  simply  a  mixture  of  various 
compounds  and  elements.  You  can,  under  the  microscope,  pick 
out  the  graphitic  carbon  between  the  particles  of  crystals  or 
grains  of  the  other  materials.  They  are  all  bounded  by  certain 
separate  chemical  compounds,  which  can  only  be  shown  under 
the  microscope,  by  treatment  such  as  that  of  Prof.  A.  Martens, 
in  a  most  beautiful  manner,  by  etching  and  polishing,  and  he  has 
identified  materials  by  merely  knowing  how  they  look  under  the 
microscope  under  certain  treatment.  Steels  can  be  identified 
the  same  way.  But  those  appearances  under  the  microscope  are 
determined  mainly  by  temperature  influences,  because  there  can 
be  chemical  changes  in  metal  that  has  been  cast,  and  which  con- 
tains carbon  or  any  materials  that  can  be  dissolved  by  iron  as  a 
solvent.  Sulphur,  silicon,  chromium,  and  manganese  aro  dis- 
solved in  iron  just  like  sugar  is  in  water.  Siibject  a  piece  of 
iron  to  heat,  under  conditions  under  which  the  iron  will  absorb 
more  or  less  of  certain  elements,  and  if  there  are  a  number  of 
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elements  in  the  castings  at  the  same  time,  some  will  be  dissolved 
more  readilv  than  others.  Remove  these,  and  then  the  others 
that  were  not  absorbed  will  be  absorbed  in  the  same  way.  But 
bv  means  of  temperature,  whether  by  annealing  or  slow  cooling 
in  large  castings,  the  character  of  the  mixture,  whatever  it  is,  is 
chauf^ed,  and  if  we  can  control  temperature  we  can  control 
results. 

Mr.  Carfivright. — The  temperature,  you  say,  Mr.  Henning,  has 
all  to  do  with  the  tapping,  etc. 

Jfr.  Henning. — No;  I  say,  take  one  kind  of  iron,  and  if  it  be 
subjected  to  different  temperatures,  you  will  get  altogether 
different  results,  according  to  these  temperatures.  First,  you 
pour  from  the  first  of  the  heat,  where  the  cupola  gives  one  mix- 
ture. Then  you  pour  from  the  middle  of  the  heat,  which  is 
another  mixture.  Then  you  pour  the  tail  end  of  the  melt.  We 
sav,  take  the  metal  for  test-bars  from  the  middle  of  the  heat 
always,  and  then  you  will  get  as  nearly  identical  results  as  you 
can  expect  to  get,  if  subjected  to  the  same  temperatures. 

Mr.  JJmckins. — I  merely  want  to  insist  upon  the  point  I  have 
made  that  has  not  been  touched  upon  in  the  paper,  that  the 
temperature  at  which  castings  are  poured  varies  the  amount  of 
shrinkage  of  the  castings  to  an  extent  not  to  be  ignored,  and  to 
a  greater  extent,  perhaps,  than  some  of  the  conditions  named 
here.  We  may  assume  that  if  you  have  a  number  of  castings 
of  uniform  dimensions,  to  cast,  if  all  the  conditions  are  observed 
which  are  given  in  the  paper,  you  will  have  uniform  shrinkage, 
provided  you  pour  them  at  the  same  temperature.  If  you  do 
not  pour  them  at  the  same  temperature  you  will  not  have  the 
same  shrinkage,  though  you  observe  all  those  conditions. 

Mr.  Fritz. — I  agree  with  Mr.  Keep  in  regard  to  the  sulphur. 
I  do  not  want  it  in  metal  I  use  if  I  can  get  it  out. 

Mr.  Holloway. — Mr.  West's  objection  to  sulphur  is,  as  I  know, 
not  a  recent  one.  At  one  time  he  was  the  foreman  of  an  estab- 
lishment in  which  I  liad  something  to  say  sometimes,  and  occa- 
sionally, when  we  would  get  some  castings  that  were  rather 
hard,  and  there  was  some  objection  made  in  the  machine  shop 
to  any  lot  of  castings  that  were  made,  I  would  call  Mr.  West  out 
and  tell  him  about  those  hard  castings,  and  complain  about 
them.  "  Well,"»hf;  would  say,  "it  is  the  confounded  sulphur  in 
the  last  lot  of  coke  we  got." 

Mr.  Cart ivrifj Jit. — It  is  not  a  month  ago  that  I  was  called  to 
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a  foundry.  Tlie  proprietor  said,  "  Cartwright,  come  down  and 
help  us  with  our  foundry."  "  What  have  you  been  doing?  "  I 
asked—"  buying  new  iron  ?  "  "  No."  "  New  coke  ?  "  "  No." 
"  What  is  the  reason  ?  "  "I  don't  know.  That  is  what  I  have 
come  to  you  for."  I  went  down  and  said  to  the  man  in  charge 
of  the  cupola,  "  Let  me  see  what  you  are  getting  for  your  fuel." 
I  then  went  to  the  coke  bin.  There  was  a  lot  of  gas  coke  that 
he  had  bought  cheap,  to  dry  cores,  and,  unfortunately,  the  par- 
tition between  the  Connellsville  coke  and  the  gas  coke  had  broken, 
and  he  was  trying  to  melt  iron  with  gas  coke  rich  in  sulphur. 

3Ir.  Henning. — The  committee  is  studying  for  one  particular 
object.  In  fact,  the  only  thing  that  the  committee  now  has  in 
hand  is  to  see  whether  a  method,  and  the  size  of  bar  which  will 
answer  generally,  can  be  determined,  or  which  will  give  more 
uniform  results.  We  do  not  care  what  strength  the  iron  gives 
in  the  bar.  We  want  simply  to  find  a  method  for  producing 
test-bars  of  the  best  shape  to  give  us  uniform  or  reliable  results. 
So  far  as  we  have  found  out,  we  do  not  know  anything  about  it. 

2lr.  TV.  J.  Keejjyr — The  experiments  recorded  in  this  paper 
were  each  conducted  in  strict  accordance  with  ordinary  foundry 
practice,  and  were  subject  to  the  varying  conditions  which  at  all 
times  surround  foundry  operations,  and  from  which  it  is  impos- 
sible to  escape. 

The  influence  of  these  conditions  is  described,  to  explain 
what  might  otherwise  be  ascribed  to  change  m  chemical  com- 
position. 

For  any  recommendation  as  to  size  or  manipulation  of  a  test- 
bar,  we  must  show  why  methods  in  general  use  are  not  satisfac- 
tory, and  why  in  the  past  so  little  has  been  learned  regarding 
the  effect  of  variations  in  the  chemical  composition  of  cast  iron. 

My  discovery  in  1885,  that  variations  in  the  shrinkage  would 
indicate  the  effect  of  the  chemical  composition  of  cast  iron,  fur- 
nished a  means  for  determining  the  change  in  physical  character 
produced  by  the  presence  of  carbon,  silicon,  sulphur,  phosphorus, 
or  manganese,  and  the  present  paper  treats  of  shrinkage  because, 
by  it,  a  foundry  mixture  can  be  made  to  produce  satisfactory 
castings. 

In  the  past,  attention  has  been  directed  entirely  to  the  strength 
and  elasticity  of  cast  iron,  and  the  size  of  test-piece  has  been 

*  Autbor'f*  closure,  under  the  Rules, 
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1  square  iuch,  or  1  by  2  inches,  rarely  larger  or  smaller.     This 
part  of  the  subject  will  be  considered  at  the  June  meeting. 

Eeferrinf^  to  the  description  of  the  first  twelve  series,  the  cliill- 
in<^  of  the  slag  during  the  first  day,  while  the  blast  was  ofi",  had 
no  effect  upon  the  melting  of  the  iron,  for  the  cupola  was  in  each 
case  hot  before  the  next  iron  was  charged.  The  second  day 
there  was  no  chilling  of  slag,  as  the  wind  was  continuous. 

The  twelve  series  are  more  valuable  because  of  these  variable 
conditions.  The  influence  of  the  temperature  obtained  in  a 
freshly  lined  cupola  is  shown  in  Series  1,  6,  and  10.  The  con- 
trast between  iron  melted  in  a  cupola  not  fully  heated,  as 
Series  7,  and  when  fully  heated,  as  Series  9,  is  shown  by  the 
^-inch  square  bars  of  these  series,  which  happen  to  contain 
equal  percentages  of  silicon. 

The  fact  that  the  silicon  is  not  equally  diffused  in  the  different 
test-bars  in  these  series  shows  that  high  silicon  pig  (10.87  per 
cent.)  will  not  produce  castings  with  as  uniform  silicon  as  when 
iron  with  a  lower  percentage  is  used.  Series  13,  14,  and  15 
received  their  silicon  from  silicon  pig  containing  about  5  per 
cent,  silicon,  and  the  silicon  is  quite  evenly  diffused.  In  Series 
16  and  1  and  7  the  pig  iron  contained  the  required  silicon,  and 
it  is  evenly  diffused. 

I  have  distinctly  stated  that  the  iron  was  not  taken  from  the 
cupola  in  different  tappings,  but  was  all  drawn  out  at  once  into 
enough  ladles  to  pour  all  the  moulds  as  nearly  simultaneously 
as  possible. 

At  this  writing  nearly  all  bars  have  been  tested,  and  the  record 
is  that  each  bar  is  sound. 

The  reason  for  the  superior  value  of  these  series  is  that 
results  and  tendencies,  which  are  alike  in  all  of  the  series,  can 
be  safely  taken  as  of  general  application  to  all  cast  iron.  In 
drawing  conclusions  only  such  general  tendencies  are  considered. 

Much  of  the  discussion  of  this  paper  has  consisted  in  state- 
ments of  opinions  differing  from  those  of  the  paper,  but  unsup- 
ported by  experimental  data,  while  each  conclusion  in  the  paper 
was  founded  on  experiment. 

The  statement  that  it  is  a  matter  of  foundry  experience  that 
iron  poured  hot  will  shrink  more  than  if  poured  from  the  same 
iron  mixture  at  a  lower  temperature,  might  at  first  glance 
appear  true. 

The  fact  is,  however,  that  shrinkage  cannot   begin   until   a 
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rigid  shell  is  formed,  and  with  a  given  iron  mixture,  with  cast- 
ings of  the  same  size,  the  temperature  at  which  the  shell 
becomes  rigid  must  be  the  same,  and  the  enclosed  fluid  metal 
must  be  of  the  same  temperature  in  both. 

If  one  mould  is  filled  with  hotter  metal  than  the  other,  the 
superfluous  heat  must  be  imparted  to  the  mould,  with  the  result 
that,  after  shrinkage  begins,  the  casting  that  was  poured  hot 
will  cool  more  slowly,  and  must,  therefore,  shrink  less  than  the 
one  that  was  poured  colder;  but  the  difference  would  probably  be 
so  slight  that  it  could  not  be  measured.  The  following  experi- 
ments prove  that  practically  there  is  no  difference  : 


All  from  one  Ladle. 

Shrixkage  of  *-inch  square  Test-bars  in  Inciie*  per 

FOOT. 

1st. 

.128 
.128 
.128 
.128 

From  one  ladle. 

2d. 

.127 
.l-,>6 
.127 

.127 

3d. 

.12.S 
.128 
.181 
.128 

4th. 

.IGO 
.162 
.160 

From  one  ladle. 

5th. 

.125 
.123 
.122 

6th. 

Poured  on  reaching  floor. 
"        1  min.  later. 
1     " 

Poured  at  once. 
"      f  min.  later. 

Poured  at  once. 

li  min.  later. 
"       11    -        - 

.158 
.l.'J8 
.158 
.157 

The  1st,  2d,  3d,  and  4th  were  from  regular  cupola  mixtures ; 
the  5th  was  a  crucible  mixture  of  the  pig  irons  used  in  1st,  2d, 
and  8d ;  the  6th  was  of  one  brand  of  pig  iron  melted  in  a  cru- 
cible. 

In  the  sixteen  series  described  in  this  paper  it  was  impossible 
that  the  temperature  of  the  iron,  as  it  entered  each  mould, 
should  have  been  exactly  the  same,  for  they  were  made  in 
different  cupolas  at  different  times  ;  but  the  general  laws  wliich 
govern  shrinkage  are  apparent  in  all,  and  correspond  to  the 
variation  in  the  percentage  of  silicon,  modified  by  the  conditions 
which  have  been  mentioned. 

The  question  has  been  raised  whether  cast  iron  expands  at  the 
instant  of  solidification.  There  is  no  such  instant.  Each 
crystal  forms  alone  and  shrinks  on  itself,  and  even  if  it  did 
expand,  it  is  not  until  such  crystals  are  numerous  enough  to 
form  a  rigid  shell  that  the  casting  can  shrink,  and  any  expan- 
sion of  each  crystal  could  not  affect  the  whole  casting.  Cold 
cast  iron  floats  upon  fluid  metal  because  it  has  not  become 
wetted  by  the  fluid  iron.  The  upward  current  along  the  sides 
of  a  foundry  ladle  is  caused  by  gas  and  steam  from  the  lining, 
and  the  current  ceases  or  even  reverses  when  the  next  iron  is 
caught  in  the  hot  ladle. 
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TOPICAL  DISCUSSIONS  AND  INTERCHANGE  OF  DATA. 

No.  632—120. 

Are  tliere  certain  general  principles  underlying  the  proper  connection  of  steam 
boilers  and  engines  in  a  power  plant? 

Mr.  Theodore  F.  Scheffler. — Too  mucli  cannot  be  written  about 
the  design  or  construction  of  boiler  and  engine  plants,  either  for 
electric  light  stations,  or  for  power  plants,  or,  in  fact,  for  any  kind 
of  a  power  station.  Considerable  space  may  be  saved  by  leaving 
everything  to  the  manufacturers,  as  well  as  economy  secured  in 
pipe  connection.  There  certainly  is  a  method  for  setting  the 
engine  connected  to  the  boiler  so  that  the  best  results  may  be 
obtained.  For  small  plants,  where  there  is  but  one  boiler  and 
engine,  it  is  customary  to  set  the  engine  about  12  feet  to  14  feet 
from  the  boiler,  and  put  an  8-inch  division  wall  between  the 
boiler  and  engine  rooms,  so  as  to  keep  all  dust  accumulating 
from  ashes  out  of  the  engine-room.  For  the  best  results,  engines 
should  be  set  longitudinally  with  the  boiler  so  that  direct  pipe 
connections  can  be  made.  This  is  also,  in  the  writer's  opinion, 
the  best  method  on  account  of  the  expansion  of  the  steam-pipe. 
In  plants  where  there  are  three  or  four  engines  to  be  connected 
to  a  battery  of  boilers,  and  the  engines  are  placed  either  directly 
in  the  rear,  or  in  front  of  the  boiler  fire-room,  there  will  be  con- 
siderable waste  of  steam-pipe,  which  will  amount  to  quite  an 
item  on  account  of  the  steam-pipe  being  large  in  diameter  to 
accommodate  the  volume  of  steam  from  the  boilers  to  the  engine. 

For  the  purpose  of  having  some  fixed  basis  to  work  from,  the 
writer  has  taken  for  an  ideal  plant  the  following  specifications 
of  boilers  and  engines,  and  the  necessary  items  to  make  a  com- 
plete and  modern  steam  plant. 

•  Preset) t(jd  at  the  New  York  meeting  (December,  1894)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Trans- 
act iunt. 
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BOILERS. 

Four  66  inches  x  16  feet  horizontal  tubular  boilers,  rated  at 
100  H.P.  each,  and  to  be  set  in  one  battery  with  full  arch  fronts, 
and  all  necessary  fittings,  such  as  safety-valve,  steam-gauge,  and 
siphon,  wafcer-gauge  with  stand-pipe  fitted  to  boiler,  three  gauge- 
cocks  for  each  boiler,  blow-off  valve,  two  check-valves,  two  stop- 
valves  for  feed-pipe,  main  gate  valve  for  steam  outlet,  rocking 
grates,  grate  bearers,  stack-plate,  rear  arch  bars,  and  rear  ash 
door  and  frame.  These  fittings  go  with  each  boiler.  One  boiler 
cleaner  for  all  four  boilers. 

ENGINES. 

Four  13  inches  x  12  inches  non-condensing,  high-speed  auto- 
matic engines,  to  develop  90  I. H.P.  each  ;  diameter  of  steam-pipe, 
4:h  inches;  diameter  of  exhaust,  5  inches ;  diameter  of  pulley,  54 
inches  ;  face  of  pulleys,  12. J  inches,  with  complete  set  of  fixtures, 
such  as  throttle-valve,  large  size  sight-feed  lubricator,  full  set  of 
sight-feed  oil  cups,  and  automatic  oiling  devices  for  crank  pin 
and  crosshead  pin,  wrenches,  crank  shield,  cylinder  cock-drip 
connection  for  steam-chest,  foundation  bolts,  and  one  -i.i-inch 
steam-separator  for  each  engine ;  feed-water  heater  to  be  42 
inches  diameter  with  100  2-inch  tubes  60  inches  long.  Engines 
to  set  9  feet,  centre  to  centre,  and  longitudinally  with  boiler. 
Pump  required  for  this  plant,  one  400-H.P.  pump,  or  a  pump 
capable  of  delivering  3,000  gallons  per  hour,  and  all  necessary 
pipe  connections.  Each  boiler  to  have  one  injector  of  100  H.P. 
capacity,  or  equivalent  to  forcing  800  gallons  of  water  per  hour 
into  boiler,  and  all  necessary  fittings. 

In  a  plant  of  this  size  it  is  customary  to  use  a  feed-water 
reservoir  tank.  Where  there  is  no  city  water  pressure  the  tank 
is  supplied  with  water  by  a  pump,  the  tank  being  suspended 
above  the  boilers,  so  that  the  water  will  flow  by  gravity  to  the 
boiler  feed-pump,  thereby  keeping  the  pump  valves  flooded  with 
water.  One  exhaust-head  should  be  connected  to  the  main 
exhaust-pipe  after  leaving  the  feed-water  heater. 

Probably  right  here  would  be  the  proper  place  to  say  a  few 
words  in  connection  with  the  engine  foundations.  The  depth  of 
engine  foundation  should  be  at  least  6  feet,  unless  there  is  a 
good  rock  bottom  found  before  reaching  this  depth,  so  that  the 
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eurrino  anchor-bolts  may  be  anchored  directly  into  the  rock; 
otherwise,  if  there  is  no  such  rock  to  anchor  to,  and  the  above 
depth  has  not  been  made,  there  will  not  be  enough  weight  to 
the  foundation  to  hold  the  engine  down.  The  writer  is  w^ell 
aware  of  the  fact  that  there  are  engines  on  the  market  to-day 
where  great  care  and  attention  has  been  given  thoroughly  to 
counterbalance  the  engine,  so  that  the  engine  will  run  steadily 
and  smoothly,  set  upon  four  pins,  and  will  not  jar  or  shake  off 
the  pins,  the  engine  not  being  bolted  to  the  foundation.  The 
above  is  all  right  so  far  as  it  goes,  but  will  not  answer  for  large 
engines,  and  especially  w^lien  the  engine  is  very  heavily  loaded. 
The  length  of  the  foundation  on  the  shaft  end  of  the  bed,  meas- 
ured from  the  centre  of  the  shaft  to  the  end  of  the  foundation, 
should  be  equal  to  the  length  of  the  foundation  measured  from 
the  cylinder  end  of  the  bed  to  the  centre  of  the  shaft.  The  cor- 
rect proportion  for  this  length  of  foundation  is  about  seven 
and  one-half  times  the  stroke  of  the  engine. 

In  a  great  many  cases  this  length  of  foundation  on  the  shaft 
end  of  bed  has  been  very  much  diminished.  There  is  no  better 
place  to  throw  in  brick  on  an  engine  foundation  than  on  the 
shaft  end ;  here  is  where  the  weight  is  required. 

The  above  dimensions  which  have  been  given  will  make  the 
ends  of  the  foundation  equally  divided  on  each  side  of  the  cen- 
tre line  of  the  shaft,  making  the  centre  of  the  shaft  in  the  centre 
of  the  apex  of  the  foundation.  The  width  of  the  foundation  at 
the  bottom  should  be  equal  to  eight  strokes  of  the  engine.  In 
tliis  case,  the  stroke  of  the  engine  is  12  inches,  multiplied  by  8 
inches,  which  would  equal  96  inches.  The  number  of  brick 
which  would  be  required  for  this  foundation  is  7,500. 

Having  found  the  proper  dimensions  of  the  engine  founda- 
tions, it  will  be  as  well  to  give  thought  to  the  relative  propor- 
tions of  the  boiler  foundation  and  settings.  The  writer  has 
found  by  experience  that  3  feet  deep  will  be  sufficient  for  this 
size  of  boiler,  below  the  floor  line.  A  good,  hard  sandstone 
will  give  good  results  when  brick  is  not  used,  which  some  people 
prefer.  The  width  of  tlie  foundation  should  be  6  inches  more 
on  the  floor  lino  than  the  boiler  side  walls,  which  in  this  case 
should  bo  24  inches  wide.  There  has  been  considerable  argu- 
ment about  the  best  height  from  the  floor  line  to  the  fire  door 
opening  ;  22  to  24:  inches  is  a  very  satisfactory  height,  but  30 
inches  is  considered  much  more  satisfactory  and  better  adapted 
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to  tlie  ordinary  fireman.  This  height  has  been  obtained  for 
these  boilers  by  raising  the  bottom  of  the  fire  fronts  6  inches 
above  the  floor  line,  as  the  height  of  opening  is  but  24  inches  in 
the  casting.  This  method  of  raising  the  front  has  proved  very 
satisfactory  wherever  it  has  been  adopted.  Another  point  to  be 
considered  on  these  boilers,  is  the  height  from  the  top  of  the 
bridge  wall  to  the  under  side  of  the  boiler  shell.  The  height 
in  this  case  is  12  inches,  and  this  gives  an  area  between  the 
top  of  the  bridge  wall  and  the  bottom  side  of  the  boiler  shell 
of  1,550  square  inches,  which  is  equivalent  to  double  the  area 
of  the  boiler  tubes.  For  the  best  results  in  combustion  and 
efficiency,  this  height  has  proved  to  be  very  satisfactory.  The 
bridge  wall  should  be  made  horizontal  on  top.  Some  man- 
ufacturers recommend  the  top  of  the  bridge  wall  to  follow  the 
curve  of  the  under  side  of  the  boiler  shell  with  the  necessary 
area  between  the  bridge  wall  and  the  boiler.  Another  good 
point  for  consideration  is  the  distance  from  the  top  of  the 
grates  to  the  bottom  of  the  boiler  shell ;  in  this  particular  case 
it  is  26  inches.  This  height  has  proved  to  be  very  satisfactory. 
Of  course,  there  is  a  wide  range  of  opinion  on  the  height ;  some 
manufacturers  prefer  but  23  to  28  inches,  and  some  even  prefer 
30  inches.  The  writer  has  found  this  height  to  suit  in  almost 
every  possible  case.  The  height  given  is  about  the  average,  and 
will  evaporate  more  water  than  if  the  height  was  30  inches. 

The  boilers  and  engines  having  been  set  up  on  their  founda- 
tions, the  next  point  in  view  to  consider  is  the  main  steam  pipe 
and  fittings.  See  Fig.  168  for  illustration  of  the  main  steam 
pipe.  We  will  first  consider  the  correct  diameter  of  the  main 
steam  pipe.  As  we  have  in  this  case  four  steam  outlets  from 
the  four  boilers,  one  from  each  of  the  boilers,  and  as  the  com- 
mercial diameter  of  each  pipe  is  5  inches,  we  shall  require  a 
main  steam  pipe  with  an  area  equal  to  four  times  the  area  of 
the  5-inch  pipe.  The  area  of  a  5-inch  pipe  is  19.63  square 
inches.  This  multiplied  by  -1  gives  78.52,  which  is  equivalent 
to  a  pipe  10  inches  in  diameter.  The  pipe  is  constructed  on  the 
telescopic  method,  that  is,  the  diameter  of  the  pipe  from  the 
first  boiler  to  the  second  boiler  is  5-inches ;  from  second  boiler 
to  third  boiler  7  inches  ;  from  third  boiler  to  fourth  and  last 
boiler  9  inches ;  and  from  the  last  boiler  to  the  engines,  the 
diameter  is  10  inches.  This  pipe  will  carry  all  the  steam 
which  the  four  boilers  can  supply,  and  with  a  minimum  resist- 
38 


594 


TOnCAL  DISCUSSIONS  AND   INTERCHANGE  OF  DATA. 


ance.  Observing  the  end  elevation  (Fig.  169),  tli6  main  steam 
pipe  is  at  the  extreme  height.  This  arrangement  allows  of  all 
condensed  water  flowing  back  towards  the  boilers. 

There  should  be  a  drip  connection  placed  on  the  gate  valve 
jnst  above  the  valve  seat,  so  that  condensed  water  may  be 
drained  off.  By  this  arrangement  of  drip-pipe,  considerable 
water  may  be  saved  from  getting  into  the  engines.  It  will  also 
prove  to  be  economical  and  saving  of  steam  from  the  boiler 

Fig.  168. 
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Fig.  169. 


after  the  gate  valve  is  opened ;  for,  if  this  accumulating  water 
is  not  let  out  at  the  boiler  after  any  one  of  them  has  been  shut 
down,  the  steam  will  condense  very  rapidly.  Of  bourse,  this  is 
only  a  small  saving  of  steam. 

The  main  steam  pipe  is  located  36  inches  from  the  centre  of 
the  dome.  This  is  done  so  that  when  the  steam  pipe  expands 
or  contracts,  it  will  not  make  any  strain  on  the  screwed  connec- 
tion at  the  point  marked  A,  but  will  naturally  swing  from  the 
centre  of  the  dome,  the  centre  of  the  dome  becoming  the  fulcrum 
of  the  main  steam  pipe.  The  steam  pipe  connection  for  the  en- 
gines are  made  in  the  following  manner.  (Fig.  170).  First,  a 
short  piece  of  4',-inch  pipe  is  connected  to  the  main  steam  pipe 
and  then  to  the  stream  separator.  The  steam  taking  a  spiral 
course  inside  tlie  separator,  causes  the  water  to  be  thrown  by 
centrifugal  force  against  the  outer  walls,  while  the  dry  steam 
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goes  through  the  small  holes  to  the  centre  of  the  pipe.  When  it 
is  not  convenient  to  pipe  up  the  separator  as  shown,  steam 
may  be  taken  into  the  separator  at  A.  For  sectional  view  of 
separator,  see  Fig.  171. 

The  separator  should  be  located  as  close  as  possible  to  the 
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Fig.  171. 


engine,  so  that  nothing  but 
clean,  dry  steam  will  be  sup- 
plied to  the  engine.  The  main 
steam  pipe  is  located  72  inches 
from  the  4j-inch  vertical  steam 
pij^e,  which  is  connected  di- 
rectly to  the  engine  throttle 
valve.  This  allows  the  4.^-inch 
horizontal  steam  pipe  con- 
nected to  the  separator  to 
swing  from  the  elbow  B  when 
expansion  or  contraction  takes 
place.  Fig.  170  also  shows  the 
exhaust  pipe  connected  to  the  cylinder;  for  continuation  of 
exhaust  pipe,   connected  to  feed-water  heater,  see  Fig.  172. 

The  best  and  usually  the  most  convenient  place  to  locate 
a  feed-water  heater  is  on  top  of  the  boiler  side  walls,  placed  at 
right  angles  to  the  boiler  and  set  horizontally,  the  heater  being 
supported  at  each  end  by  a  cast-iron  leg  or  bracket,  and  each 
bracket  anchored  into  the  boiler  side  walls  by  anchor  bolts. 

This  method  of  locating  the  heater  has  been,  as  described 
above,  placed  on  several  large  boiler  settings  which  the  writer 
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has  designed.    Any  person  who  is  in  any  way  familiar  with  boiler 
settini;s  knows  how  hot  it  is  over  the  top  of  boilers,  and  can 


c^ 

t- 


readily  see  the  advantage  of  locating  the  feed-water  heater  above 
the  boilers.     From  5'  to  10"  of  additional  heat  will   thus  be 
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obtained  for  the  feed  water  over  that  supplied,  if  the  heater  is 
set  up,  as  is  common  practice.  To  set  the  heater  on  top  of  the 
boiler  will  cost  a  little  more,  but  it  will  soon  pay  for  itself  hy 
being  economical. 

The  injector  should  have  a  separate  feed-water  pipe,  on  enter- 
ing the  boiler,  so  that  in  case  any  accident  should  happen  to 
the  pump  pipe  connections,  or  repairs  should  have  to  be  made 
on  the  pump  or  to  any  of  the  connections,  there  will  be  no  loss  of 
time  by  having  to  draw  off  the  steam  from  any  of  the  boilers, 
in  order  to  make  the  necessary  repairs.  If  necessary,  by  clos- 
ing the  main  feed-water  pipe  valve  connected  to  the  pump  line 
of  pipe,  after  the  water  is  forced  through  the  heater,  and  by 
closing  the  feed  pipe  valve  over  each  boiler,  the  whole  line  of 
pump  pipe  connections  may  be  disconnected,  and  the  boilers  fed 
with  the  injectors.  A  check  valve  should  be  placed  over  each 
boiler  for  the  feed  pipe,  and  also  between  the  pump  and  heater. 
This  will  keep  all  pressure  away  from  the  pump  and  will  be  ben- 
eficial in  case  anything  should  happen  to  the  boiler  checks.  The 
blow-off  from  the  heater  is  connected  to  the  main  blow-off  pipe, 
as  well  as  the  overflow  from  the  injectors,  and  the  discharge 
may  be  connected  to  any  convenient  point  which  will  be  the 
nearest  at  hand,  or  may  be  carried  to  the  sewer.  To  operate 
the  blow-off  on  the  boiler  or  heater,  the  globe  valve  on  the 
injector  pipe  should  be  closed.  The  injectors  are  supplied  with 
water  from  the  water  tanks  overhead  ;  this  will  give  a  constant 
supply  of  water  under  a  head  of  water  at  the  injector. 

The  main  steam  supply  is  connected  to  the  main  line  of  steam 
pipe  leading  to  the  engines.  The  idea  of  doing  this,  is  in  case 
anything  should  happen  so  that  any  one  or  two  of  the  boilers 
should  be  off  duty,  the  supply  of  steam  would  be  constant,  in 
taking  steam  from  the  main  line  of  steam  pipe.  A  good  way  to 
connect  the  blow-off  pipe  to  the  bottom  of  the  boiler  shell  and 
keep  the  pipe  intact  from  burning  out,  is  to  build  a  small  wall  of 
fire-brick,  about  9  inches  thick,  and  lay  the  pipe  in  the  centre  of 
the  brick.  This  wall  will  not  diminish  the  area  of  the  combustion 
chamber  enough  to  destroy  any  of  the  draught.  For  illustration 
of  this  pipe  connected  to  boiler,  see  Fig.  173. 

The  exhaust  pipes  leading  from  the  engines  to  the  main  exhaust 
pipe  should  be  constructed  so  that  there  would  be  a  minimum 
amount  of  back-pressure.  To  do  this  satisfactorily  and  with 
the  best  results,  a  lateral  branch  *'  Z"   connection  should  be 
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made  where    the  pipe  meets  the 
illustration  of  this  design,  see  Fig. 
on  the  pipe  leading  to  the  main 
any  one  of  the  engines  is  stopped 
fi'om  the  other  engines  would  not 


Boiler 


main  exhaust  pipe.      For  an 
174    A  valve  should  be  placed 
exhaust  pipe,  so  that  in  case 
for  repairs,  the  exhaust  steam 
back  up  into  the  steam- chest, 
in  case  the  valve  on  the  en- 
gine was  disconnected  from 
the  engine.      The  "  T"  con- 
nection also  does  away  witli 
the   short   and  sharp    angle 
connection  and  makes  a  freer 
passage  for  the  steam. 

Referring  to  Fig.  175,  we 
have  a  plan  view  of  the 
pump  feed-pipe  connections 
with  fittings,  also  the  injec- 
tor connected  to  the  boiler. 
It  will  be  observed  that  the 
injector  pipe  runs  nearly  the  wbole  length  of  the  boiler  and 
toward  the  rear  before  discharging  the  water  directly  into  the 
boiler.  The  advantage  of  this  is  apparent.  The  feed  water 
becomes  well  heated  before  discharging  into  the  boiler,  and  its 
chilling  action  on  the  shell  is  greatly  lessened.    There  has  been 
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considerable  discussion  about  where  the  feed  water  should  enter 
the  boiler,  and  the  writer  believes  that  this  method  is  freer  from 
objection  than  any  other  which  could  be  selected.  The  pump 
feed  enters  the  boiler  at  one-quarter  of  the  whole  length  of 
boiler,  at  the  rear,  and  the  pipe  is  kept  as  close  as  possible  to 
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the  boiler  shell,  so  that  there  will  be  room  enough  for  a  man 
between  the  pipe  and  the  top  of  the  tubes.  The  pipe  then  con- 
tinues ahead  about  eight  feet  and  then  turns  towards  the 
boiler  shell  on  the  side,  and  then  turns  and  comes  back  where 
it  started  from  and  discharges  downwards.  Some  persons  may 
say  there  are  too  many  turns  employed  in  this  method,  but  the 
feed-pipe  is  made  much  larger  after  it  enters  the  boiler  to 
reduce  the  resistance  caused  by  friction  to  a  minimum.  Fig.  175 
also  shows  a  plan  of  the  feed-water  heater. 

Figures  176  and  177  illustrate  the  method  for  connecting  the 
boiler  cleaner  to  the  four  boilers.     The  reservoir  for  receiving 
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Fig.  175. 


all  of  the  sediment  collected  from  the  boilers  is  located  cen- 
trally between  the  four  boilers,  in  the  rear.  The  action  of  the 
boiler  cleaner  is  here  described.  As  the  water  boils  and  circu- 
lates towards  the  top  and  rear  of  the  boiler,  the  scoops  gather 
all  sediment  which  rises  to  the  surface  of  the  water  and  is  then 
discharged  by  the  boiler-pressure  into  the  reservoir.  The  water 
and  steam  may  be  let  out  of  the  boiler,  independent  of  the 
boiler  cleaner  when  it  is  necessary,  by  closing  the  valve  con- 
nected to  the  boiler  cleaner  and  opening  the  valve  connected  to 
the  blow-off  pipe  proper.  There  is  a  globe  valve  attached  to  the 
bottom  of  the  reservoir,  where  the  sediment  which  has  collected 
may  be  let  out.  This  sediment  should  be  let  out  every  other  day. 
The  writer  desires  to  say,  in  conclusion,  that  about  twenty 
plants   have   been  connected  up   as  described   in  this   article, 


600 


TOPICAL  DISCUSSIONS   AND   INTERCHANGE   OF   DATA. 


although  they  have  not  all  had  boiler  cleaners,  nor  has  the  in- 
jector been  connected  separately  to  the  boiler,  and  the  engines 
and  boilers  were  arranged  somewhat  differently  in  the  setting  ; 
but  all  are  giving  good  satisfaction,  and  the  piping  in  general 
was  arranged  as  described  here.  Further,  in  regard  to  piping  in 
general,  in  case  of  any  accident  to  any  part  of  the  plant,  the 
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part  which  is  crippled  may  be  shut  off  without  shutting  down 
the  whole  plant. 

The  steam  will  reach  the  engine  with  but  little  drop  in  pres- 
sure, as  all  pipes  are  covered  with  an  asbestos  air  space  covering. 

Much  more  can  be  written  on  this  subject  and  on  this  same 
plant ;  and  the  writer  desires  to  say  that  some  time  in  the 
future,  it  would  be  interesting  to  give  an  approximate  estimate 
as  to  the  cost  of  the  entire  plant.  The  main  object  of  this  arti- 
cle is  to  create  a  fruitful  discussion.  ; 

Mr.  W/n.  S.  Aldrich. — With  two  valuable  contributions  on  this 
subject  before  us,  which  have  been  so  lately  presented  to  the 
Society,  it  would  seem  that  little  more  could  be  said,  till  we 
have  seen  how  well  their  principles  work  out  in  practice.  I  re- 
fer to  the  paper  by  Mr.  Wm.  A.  Pike,  presented  at  the  New  York 
meeting  (December,  1893),*  on  "  Steam  Piping  and  the  Efficiency 
of  Steam  Plants,"  and  to  the  foregoing  discussion  of  this  same 
topical  question  by  Mr.  Theodore  F.  Scheffler.  Moreover,  any 
diHCussion  of  this  question  cannot  fail  to  become  more  or  less 
a  discuHsion  of  their  papers. 

First,  then  (following  Mr.  Pike's  order  of  requirements),  as  to 
insuring  "  that  practically  dry  steam  shall  always  be  delivered 
to  the  engine."  Granted  that  this  is  fulfilled  in  so  far  as  pro- 
viding a  non-conducting  covering  for  the  steam-pipe,  it  still  re- 
mains to  locate  a  separator,  preferably  in  a  horizontal  pipe, 
between  the  throttle-valve  and  the  steam-chest.     With  but  few 

*  TraMactionn  A.  S.  M.  E.,  Vol.  XV.,  p.  536,  No.  577. 
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exceptions,  a  separator  in  and  for  a  horizontal  pipe  is  to  be 
preferred  to  one  placed  in  a  vertical  pipe  ;  for,  by  the  former 
arrangement,  the  usual  vertical  pipe  leading  to  the  engine  may 
be  freed  of  accumulated  entrained  water  by  a  "  water  well,"  or 
"  water  pocket,"  or  "bleeder,"  and  the  water  returned  to  boiler 
by  trap,  or  steam  loop,  thus  preventing  at  any  time  a  flooding  of 
the  separator,  as  well  as  increasing  the  efficiency  of  separation 
by  delivering  only  wet  steam  to  the  separator,  instead  of  a 
mixture  of  this  and  water  ;  with  a  separator  in  a  vertical  pipe 
none  of  these  desirable  features  are  obtainable. 

Such  a  "  water  well "  will  be  seen  in  many  installations,  as  a 
continuation  of  the  vertical  steam-pipe,  about  four  feet  below 
the  *'  T "  branch  to  the  horizontal  pipe  leading  to  the  steam- 
chest.  But  it  should  have  a  glass  water  column  near  the  top 
and  bottom.  Without  these  no  one  knows  just  where  the  ac- 
cumulated entrained  water  stands ;  to  leave  the  bottom  drain- 
cock  of  such  a  "  water  well  "  slightly  open  is  wasteful ;  to  close 
it  entirely  for  any  definite  period  may  result  in  flooding  the 
separator,  and  later  on  the  engine.  The  glass  water  column  at 
the  bottom  will  prevent  the  engineer  from  blowing  much  live 
steam  out,  when  draining  the  "  water  well." 

Secondly,  Mr.  Pike  lays  down  the  principle  that  "  the  steam 
should  reach  the  engine  with  very  little  '  drop '  in  pressure." 
His  plan  of  running  large  steam-pipes  to  the  engine,  and,  further, 
in  making  use  of  large  receiver  spaces,  or  drums,  for  steam 
storage  as  near  to  the  engine  as  possible,  are  in  marked  con- 
trast to  Mr.  Scheffler's  method  of  proportioning  the  steam-pipes 
leading  off  from  the  steam  main.  The  first  arrangement  will 
maintain  a  reasonably  steady  pressure  under  the  actual  condi- 
tions of  intermittent  flow  of  steam  to  the  engine  ;  the  second  is 
theoretically  correct  on  the  assumption  of  uniform  flow— an  as- 
sumption which  holds  good  for  proportioning  the  piping  to  and 
from  a  steam-heating  system,  but  which  has  held  undisputed 
sway  too  long  for  steam-engine  practice.  Experimental  determi- 
nations will,  no  doubt,  soon  show  about  how  large  such  a  steam- 
pipe  receiver  or  storage  drum  should  be,  that,  under  known  con- 
ditions of  boiler  pressure  and  engine  speed,  the  "  drop  "  may  be 
limited  to,  say,  one  pound. 

Mr.  Pike  has  clearly  shown  that  such  a  steam-pipe  receiver 
may  be  made  to  do  valuable  separating  service,  thereby  killing 
two  birds  with  one  stone. 
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Paraphrasing  Mr.  Pike's  second  requirement,  as  quoted  above, 
we  have  another  principle,  probably  equally  valuable,  namely, 
''  the  steam  should  leave  the  engine  with  very  little  *  rise  '  in 
pressure."  This  means  more  than  a  simple  change  of  words 
may  seem  to  indicate.  Mr.  Scheffler  proportions  the  exhaust 
pipes,  leading  to  the  exhaust  main,  on  the  principle  of  uniform 
flow  of  exhaust  steam.  Now,  an  exhaust-pipe  receiver  would  be 
as  great  a  help,  in  its  particular  sphere,  as  a  steam-pipe  receiver 
in  its  place. 

Certain  forms  of  feed-water  heaters,  placed  near  the  engine, 
are  very  efficient  in  keeping  down  the  back-pressure  on  the 
engine ;  if  we  are  not  mistaken,  this  is  enhanced  by  their  large 
exhaust-steam  space,  quite  as  much  as  by  their  arrangement  of 
feed-water  coils.  Placed  as  closely  as  possible  to  the  engine, 
such  an  exhaust-steam  drum  receives  the  intermittent  flow  from 
the  engine,  and  allows  it  to  flow  more  or  less  uniformly  thence 
to  the  condenser  or  to  air. 

In  defiance  of  Mr.  Pike's  third  principle  is  the  almost  uni- 
versal practice  of  running  steam-pipes  with  inclination  to  the 
engine  (when  it  cannot  be  inclined  back  to  the  boiler,  even),  re- 
sulting in  no  provision  for  draining  off  the  accumulations  of 
entrained  water  except  through  the  engine — a  practice,  he  re- 
marks, which  not  infrequently  results  in  broken  cylinder-heads 
and  pistons.  The  usual  explanation  for  such  a  course  is  that 
the  condensed  water  should  gravitate  in  the  same  direction  in 
which  the  steam  flows — that  is,  towards  the  steam-cylinder — 
a  weak  principle  for  such  important  work. 

It  is  far  preferable  to  slope  the  steam-pipe  away  from  the 
engine  (and,  it  may  be,  in  some  cases,  away  from  the  boiler,  too), 
in  order  to  properly  meet  Mr.  Pike's  third  principle  ;  namely, 
that  the  water  should  not  collect  "  except  in  places  especially 
arranged  for  that  purpose."  Such  a  place  is  the  vertical  pipe 
to  which  the  engine  and  boiler  steam-pipes  are  run  ;  and  at  the 
bottom  of  such  a  vertical  pipe  should  be  the  usual  "  water  well," 
or  "  bleeder,"  connected  as  formerly  described  for  the  vertical 
pipe  leading  to  the  engine. 

Wlierever  condensed  or  entrained  water  accumulates,  it 
should  bo  allowed  to  collect  in  a  closed  "well"  or  "pocket," 
provided  witli  glass  water  columns,  as  noted  previously.  In- 
stead of  draining  off  the  separator  and  water  pockets  to  a 
sewer,  they  had  better  be  run  off  to  a  hot  well,  or  returned  to 
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boiler  bj  trap  or  steam  loop.  It  is  remarkable  how  much 
water  will  thus  accumulate,  in  the  course  of  twenty-four  hours ; 
and  such  an  amount  of  water,  at  from  200  to  210  degrees,  repre- 
sents money  saved  or  expended,  according  to  the  disposition 
made  of  it.  Eeturned  to  boiler  by  trap  or  loop,  it  will  be  at  a 
higher  temperature  and  represent  greater  economy. 

Keferring  to  Mr.  Pike's  fourth  principle,  that  of  being  able  to 
isolate  any  part  or  portion  of  a  steam-power  plant,  in  case  of 
accident,  it  will  be  found  very  desirable  to  use  "quick-closing  " 
gate-valves,  as  "  emergency "  valves.  Such  should  be  placed 
on  each  boiler  connection  as  well  as  by  the  throttle  (or  used  for 
the  throttle)  of  each  engine.  Besides  these,  regular  screw  gate- 
valves  should  be  placed  between  the  "  quick-closing "  gate- 
valve  and  the  boiler,  to  be  closed  at  leisure,  for  security  and 
repairs  to  disabled  line.  Wherever  a  flange  connection  is  made 
it  is  well  to  provide  for  a  blank  or  ring  flange  being  inserted, 
according  to  whether  it  is  desired  to  close  it  entirely  for 
repairs,  or  to  open  it  for  the  flow  of  steam.  On  the  boiler  side 
of  every  large  gate-valve  should  be  placed  such  a  blank  and 
ring  flange  connection,  so  that  when  required  the  gate-valve 
and  all  piping  past  it  may  be  cut  off  absolutely  from  the  boiler. 

A  point  not  fully  considered  by  either  of  the  papers  here 
referred  to  is  that  of  placing  the  feed- water  heater.  The 
function  of  such  a  heater  is  really  twofold :  first,  to  assist  in 
reducing  the  back-pressure  ;  secondly,  to  heat  the  feed-water  to 
the  highest  point  by  the  exhaust  steam.  Both  of  these  will  be 
best  served  by  placing  the  heater  as  near  as  possible  to  the 
engine,  whether  the  exhaust  steam  is  to  be  thence  run  off  to 
condenser  or  to  escape  to  air.  It  is  desirable  to  lower  the  back- 
pressure at  the  earliest  moment,  and,  at  the  same  time,  to  get 
the  most  heat  from  the  exhaust  steam.  Again,  it  is  easier  to 
insulate  a  small  feed-water  pipe,  carrying  water  at  about  210 
degrees,  than  a  large  steam-pipe,  carrying  the  exhaust  steam  at 
about  215  degrees.  It  is  also  more  economical  in  the  amount 
and  size  of  non-conducting  covering  required. 

J/r.  H.  H.  Suplee. — There  are  two  or  three  points  in  connec- 
tion with  both  of  these  discussions  which  I  think  would  bear  ex- 
amination. In  the  first  place,  the  query  is  as  to  certain  general 
principles,  and  most  of  these  discussions  have  been,  I  think, 
devoted  to  certain  details  rather  than  principles.  The  only 
principle  to  which  I  wish  to  call  attention  is  one  which  has 
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arisen  in  my  own  experience,  relating  to  the  heating  of  feed- 
water.  The  functions  of  the  heater  were  described  as  being 
onlv  two ;  one  to  reduce  the  back-pressure,  and  the  other  heat 
the  feed-water.  There  is  a  third,  and  really  very  important 
one ;  that  is,  to  remove  a  large  portion  of  the  impurities  in  the 
water.  Most  of  the  carbonates,  and  a  portion  of  the  sulphates, 
which  make  hard  scale,  are  precipitated  if  the  water  is  heated 
hot  enough  and  the  resulting  precipitate  is  given  time  to  settle  ; 
besides  which  the  mud  or  clay,  whatever  is  suspended  mechani- 
callv  in  the  water,  also  can  be  separated  in  the  heater.  The 
printed  discussion  mentions  an  apparatus  to  clean  the  boiler, 
but  it  has  been  my  experience  that  the  very  best  way  to  keep  a 
boiler  clean  is  not  to  put  dirty  water  into  it.  The  only  point  in 
that  connection  about  heaters  which  I  desire  to  emphasize  at 
this  moment  is  that,  as  a  rule,  they  are  not  made  large  enough. 
I  do  not  mean  not  large  enough  in  heating  surface,  but  not 
lari^e  enough  in  volume.  A  large  portion  of  the  suspended 
matter  and  the  chemically  combined  matter  in  the  water,  which 
forms  scale,  will  separate  and  settle  if  only  time  enough  is 
friven,  and  if  the  heater  which  will  heat  the  water  to  208  or  210 
degrees  Fahr.  is  made  large  enough  to  allow  the  water  to  go 
through  it  very  slowly,  almost  sluggishly,  and  the  feed-water  is 
allowed  to  pass  through  it  from  the  bottom,  taken  out  at  the  top, 
and  to  flow  so  slowly  that  the  precipitated  carbonates  and  the 
clay  or  the  mud  can  settle,  a  very  large  proportion  of  it  will  be 
separated.  If  the  heater  is  made  with  ample  heating  surface 
but  small  contents,  the  water  will  go  through  it  at  a  velocity  suf- 
ficient to  carry  even  what  may  be  precipitated  through  into  the 
boiler.  I  have  seen  heaters  which  will  perform  very  efficiently 
so  far  as  heating  is  concerned,  and  yet  very  imperfectly  as  sepa- 
rators of  impurities,  simply  because  they  were  not  large  enough, 
and  the  water  was  rushing  through  so  rapidly  as  to  make  a 
current  strong  enough  to  carry  the  impurities  on  into  the 
boiler. 

^fr.  W.  JR.  Warner. — The  remarks  of  Mr.  Suplee  call  to  mind 
a  little  bit  of  experience  in  which  I  was  interested  the  past  fall, 
on  the  occasion  of  our  firm  having  to  purchase  a  heater  for  a 
boiler.  ^Mr.  Swazey  is  our  expert  on  such  subjects,  but  he  was 
out  of  the  country,  and  the  responsibility  came  upon  me  and  the 
superintendent  ;  and  as  we  knew  nothing  about  it,  we  began  to 
gain  our  education,  and  very  shortly  had  literature  enough  to 
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run  a  college  for  a  year,  and  yet  did  not  know  much  about  the 
matter. 

But  there  were  some  very  curious  results  that  were  mani- 
fested to  us  as  we  slowly  became  educated.  Agents,  of  course, 
were  very  plentiful.  They  came  around  upon  the  slightest 
provocation,  without  any  special  urging,  and  we  began  to 
figure  up  the  capacities  of  the  various  heaters,  our  needs  re- 
quiring a  heater  for  a  100  horse-power  boiler.  The  heating 
capacities  of  various  kinds  ranged  from  one  to  six,  all  rated 
at  100  horse-power.  That  made  us  rather  suspicious  of  the 
smaller  ones,  for  one  kind,  we  found,  contained  only  27  gal- 
lons of  water.  I  make  special  mention  of  that  from  Mr.  Suplee 
having  called  attention  to  the  quantity  of  the  water.  The 
eloquent  agents  came  in  droves  to  see  me,  and,  as  I  began  to 
get  educated  a  little,  I  said  to  one  of  them,  No.  19,  I  believe  : 
*'  How  dare  you  sit  there  and  guarantee  your  heater  to  heat 
water  to  210  or  212  degrees,  when  you  know  it  will  not  do  it  ?  " 
He  saw  that  there  was  not  a  chance  for  making  a  sale,  and 
he  said — I  will  give  his  exact  words— "Mr.  Warner,  I  will  tell 
you  how  we  dare  to.  Not  one  in  a  hundred  ever  makes  a  test, 
and  we  can  afford  to  take  back  one  in  a  hundred." 

Mr.  Oberlin  Smith. — I  think  that  the  college  these  gentlemen 
were  speaking  of  just  now  must  be  a  certain  one  I  have  heard 
of,  where  there  was  a  great  deal  of  learning,  because  all  the 
students  brought  some  learning  with  them,  and  none  of  them 
took  any  away. 

D/'.  Charles  E.  Emery. — There  is  much  in  this  discussion  that 
is  instructive  as  well  as  interesting.  Many  points  as  to  the 
proper  connections  of  steam  boilers  have  been  brought  out.  As 
has  been  remarked,  a  great  deal  of  attention  has  been  paid  to 
details,  and,  very  fortunately,  some  have  been  pictured  for  us, 
one  of  which  I  will  make  the  basis  of  a  few  remarks. 

Turning  to  page  594  we  find  a  method  of  connecting  a  boiler  to 
a  main  steam-pipe  which  is  subject  to  the  gravest  criticism. 
The  main  line  of  steam-pipe  is  above  the  boiler  and  the  stop- 
valve  at  the  boiler,  as  will  be  seen  by  Fig.  169,  and  naturally,  in  a 
very  short  time  the  whole  pipe  back  to  the  valve  will  become 
filled  with  water,  necessitating  the  arranging  of  a  drip-pipe 
there.  Not  often  does  the  engineer  climb  to  the  top  of  a  boiler 
to  open  a  valve  ;  he  generally  tells  some  other  person  to  do  it. 
If,  under  such  circumstances,  the  drip-valve  is  not  opened,  or  is 
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stopped  witli  sediment,  the  water  collected  passes  to  the  engines 
and  may  wreck  them,  if,  indeed,  a  water-ram  is  not  formed,  at 
the  risk  of  life.  In  any  event  a  so-called  unaccountable  accident 
will  happen.  The  system  is  evidently  wrong.  It  should  be 
borne  in  mind  that  in  the  multiplication  of  boilers  required  in 
modern  plants  we  do  not  wish  so  much  to  protect  a  single  boiler 
amon^  the  many  as  the  main  steam-pipe  which  keeps  up  the 
supply  from  all  the  boilers.  If  the  pipe  is  made  safe,  the 
boilers  may  also  be  kept  safe  ;  but  the  pipe  itself  is  to  be 
thought  of  first,  and  upon  it  the  stop-valve  should  be  placed. 
The  connection  shown  is  all  right,  if  the  valve  be  brought  up  to 
the  steam-pipe.  To  marine  engineers  it  would  seem  an  unusual 
place  for  it.  One  of  our  first  lessons  was  to  secure  a  sea-valve 
to  the  hull,  and  a  stop-valve  to  the  boiler,  with  heavy  flanges  ; 
but  I  appeal  to  everybody's  common  sense  here  to  say  that  the 
rule  as  to  boilers  should  be  changed  in  large  plants.  The  main 
steam-pipe  is  the  more  important  point,  and  if  the  valve  is  put 
there,  no  pocket  is  formed,  and  one  can  safely  send  a  mere 
helper  to  open  it.  When  the  valve  is  shut  the  water  will  run 
back  to  the  boiler.  "When  it  is  open  the  water  w*ill  go  with  the 
current  of  steam,  no  matter  which  way  the  pipes  be  drained, 
which  is  one  of  the  things  too  few  think  of.  There  should  be  no 
places  where  water  can  lodge,  except  those  specially  provided 
with  proper  provisions  to  drain  the  pipe  and  return  the  water 
of  condensation.  Again,  in  plants  of  large  size,  where  many 
boilers  are  necessary,  the  steam  should  be  delivered  to  the  main 
steam-pipe  through  a  check-valve.  Such  check-valve  can  also 
be  made  a  stop-valve  by  turning  a  screw  down  upon  it,  making 
a  "  gag,"  as  it  is  sometimes  termed.  Then,  if  anything  blows 
out  about  the  boiler,  so  as  to  let  down  the  pressure,  the  check- 
valve  shuts  down,  and  the  supply  of  other  boilers  to  the  main 
steam-pipe  is  not  interfered  with.  This  result  happened  to  the 
large  battery  of  boilers  I  erected  for  the  New  York  Steam  Com- 
pany. The  connecting  pipes  were  bent  laterally  and  dropped 
somewhat  toward  the  boilers,  but  the  stop-valves  acted  as  checks, 
and  were  bolted  to  side  flanges  on  the  main  steam-pipe,  and  not 
to  the  Vjoilers.  One  night,  during  the  early  working  of  the  plant, 
a  new  feed-pump  in  the  basement  stopped,  and  when  discovered 
a  boiler  on  the  third  or  fourth  floor  was  very  short  of  water. 
The  engineer  rushed  down  and  started  the  pump  without  know- 
ing what  mischief  was  being  done  above,  and  the  cold  water 


TOPICAL  DISCUSSIONS  AND  INTERCHANGE   OF  DATA.  607 

cracked  one  of  the  headers.  The  water  flowing  out  of  that 
cracked  two  or  three  more.  The  water  from  those  blew  the  fire 
on  the  furnace  floor  and  put  it  out.  The  automatic  damper 
opened,  and,  if  there  had  not  been  a  person  in  the  building,  the 
apparatus  would  have  taken  care  of  itself.  The  check-valve 
was  the  key  to  the  situation.  There  was  the  general  Post 
Office  in  New  York,  three  or  four  printing  offices,  several  large 
new  buildings  which  were  being  finished  by  electric  light  at 
night,  and  numerous  small  users  of  steam,  all  depending  on 
those  boilers.  If  there  had  not  been  a  check-valve,  as  described, 
all  the  steam  from  boilers  of  several  thousand  horse-power 
would  have  blown  out  of  the  injured  boiler,  and  no  one  could 
have  got  near  the  latter  for  two  or  three  hours  to  shut  its  stop- 
valve.     The  result  indicates  its  own  lesson. 

The  proper  place  to  put  drips  has  been  discussed  here.  It 
should  always  be  recollected  that  the  water  follows  the  slightest 
current  of  steam.  I  supposed,  when  starting  the  uptown  plant 
of  the  New  York  Steam  Company,  that  when  running  only 
20  or  30  horse-power  in  a  IC-inch  pipe  in  Madison  Avenue 
from  Fifty-eighth  Street,  at  a  sharp  grade,  nearly  to  Eightieth 
Street,  I  could  drain  the  pipe  back  under  the  current  of 
steam,  and  at  a  later  date  distribute  the  condensation  to  the 
several  houses.  On  starting,  the  water  was  carried  along  with 
the  steam  into  the  houses,  periodically  blocked  up  the  heating 
apparatus,  and  gave  the  occupants  trouble.  I  had  to  dig  down 
at  two  places  to  the  pipe  and  connect  traps  to  remove  the  water 
at  intervals,  when  there  was  no  further  trouble.  Such  experi- 
ences settle  the  principle  that  in  the  arrangement  of  steam-pipes 
the  water  must  be  carried  with  the  steam  to  some  point  where 
there  is  opportunity  for  it  to  separate.  In  the  case  of  the  con- 
nection to  the  boiler  we  have  discussed,  the  rule  is  different,  for 
the  reason  that  when  the  valve  is  shut  off  there  is  no  current, 
and  the  water  of  condensation  will  run  back  to  the  boiler.  As 
soon,  however,  as  circulation  is  established,  the  water  will  go 
with  the  steam.  The  consequence  is  that  it  is  generally  better 
to  have  a  drum  at  a  low  point  near  the  engine.  In  such  case 
the  engineer,  in  starting  his  engine,  will  drain  his  drum  as  he 
drains  his  cylinder,  and  a  steam  trap  will  attend  to  the  matter 
afterward,  or  a  cock  regulated  by  hand  to  maintain  a  water  level, 
shown  in  a  gauge-glass  on  separator. 

Mi\  Woolson.— On  page  591  Mr.  Scheffler  says  that  he  has  an 
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ideal  plant,  and  this  statement  is  :made  without  any  qualifica- 
tions. I  want  to  say  this,  that  my  experience  is  that  it  is  an 
unfortunate  occurrence  when  your  ground  space  is  so  limited 
that  YOU  are  obliged  to  put  more  than  two  boilers  side  by  side. 
There  are  times,  of  course,  when  it  is  necessary  to  put  in  more 
than  two  in  a  battery.  But  I  regard  it  as  bad  design  when  not 
able  to  get  at  one  side,  at  least,  of  each  of  those  boilers. 

There  is  one  other  point  I  want  to  call  attention  to.  On 
page  598,  Mr.  Scheffler  has  bricked  in  his  blow-off  pipe.  As  I 
understand  it,  that  blow-off  pipe  is  bricked  in  for  the  protection 
of  the  pipe.  But  in  bricking  in  that  pipe  he  is  prevented  from 
getting  at  the  rear  end  of  the  boiler  to  advantage,  for  I  believe 
that  the  back-head  of  every  tubular  boiler  should  be  "  come-at- 
able  "  at  any  and  all  times,  without  having  anything  in  the  way 
that  can  possibly  be  avoided,  and  that  brick  wall  is  certainly  in 
the  way.  I  am  a  believer  in  the  protecting  of  blow-off  pipes 
where  subjected  to  heat.  I  think  it  is  very  necessary,  and  yet  it 
is  not  always  done,  by  any  means.  One  of  the  nicest  systems 
that  I  have  used,  or  have  seen,  is  to  slip  on  over  the  pipe  fire- 
clay sleeves  or  *'  runners,"  as  they  are  called  in  the  steel  works. 
Tliat  is  where  I  first  got  the  idea  of  using  them.  They  happen 
to  come  very  nice  and  true  and  round,  and  by  just  slipping  those 
on  to  your  pipe,  making  your  joints  up  in  fire-clay,  and  binding 
them  together  by  a  cast-iron  collar  at  the  end,  outside  the  wall, 
they  completely  protect  that  pipe  and  take  up  scarcely  any 
more  space  than  a  bare  pipe,  thus  enabling  an  engineer  or  fire- 
man, at  all  times,  to  get  around  it  and  over  it  and  under  it. 

J//'.  A.  B.  Fry. — Since,  apj^arently,  the  discussion  has  chiefly 
tended  toward  the  consideration  of  details,  it  may  not  be  out  of 
place  for  one  who  has  very  largely  to  do  with  the  running  opera- 
tion of  plants,  notably  in  the  larger  public  buildings,  to  say  a 
word  or  two  touching  practically  on  the  subject  of  which  Dr. 
Emery  spoke,  that  is,  that  you  have  got  to  consider  the  actual 
conditions  of  the  plant.  Assume  you  are  putting  a  plant  in  a 
large  public  building.  You  are  often  forced  to  take  the  room 
which  the  architect  gives  you.  Take  the  theory  here  stated  of 
placing  the  heaters  above  the  boilers  ;  now,  in  how  many  build- 
ings in  large  cities  is  it  possible  to  get  sufficient  head-room 
above  the  boiler  for  the  necessary  steam  connections  ?  I  think 
any  one  who  has  much  to  do  with  the  construction  of  plants  in 
city  buildings  knows  that  it  is  a  difficult  matter  to  gej  sufficient 
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Lead-room  for  the  absolutely  necessary  connections,  without 
putting  anything  else  on  top  of  the  boilers.  That  is  especially 
true  if  you  propose,  as  has  been  suggested,  to  use  the  heater  for 
a  purifier.  For  example,  it  is  the  practice  at  the  United  States 
Custom  House  and  Post  Office,  in  Chicago,  to  use  the  feed-water 
heaters  practically  as  purifiers.  A  very  large  quantity  of 
exhaust  steam  is  carried  to  them  in  proportion  to  the  size  of  the 
heaters,  and  there  is  a  pair  of  them ;  the  run  of  each  is  about 
five  days,  and  then  the  heaters  are  changed  over,  and  the 
deposited  sulphates  and  carbonates  cleaned  out.  Now,  it  is 
obvious  that  if  you  are  going  to  use  the  heater  as  a  purifier, 
you  cannot  put  it  on  top  of  the  boilers.  You  have  got  to  have 
it  in  a  place  where  it  is  easy  of  access,  and  where  the  tempera- 
ture is  such  that  the  men  can  work  about  it.  I  think  that  Dr. 
Emery's  criticism  of  this  proposed  method  of  piping  up  the  bat- 
tery is  very  just  indeed.  My  own  experience  was  in  a  plant  put 
in  a  large  electric-light  station,  where  the  valve  was  originally 
put  as  shown  here,  only  on  top  of  the  boiler-shells  instead  of  on 
the  drum,  so  that  invariably  there  was  a  heavy  accumulation  of 
water  in  the  piping  on  top  of  the  valve.  The  only  way  to  get 
rid  of  that  was  to  open  the  drip  thereto,  but  if  you  leave  a  drip 
open  there  is  a  heavy  loss  of  steam.  You  may  say  you  can 
catch  and  trap  the  steam,  but  my  experience  has  been  that  it  is 
almost  impossible  to  get  a  trap  that  will  work  satisfactorily  on 
a  steam  pressure  of  a  hundred  and  twenty-five  pounds  or  above, 
unless  you  can  deliver  the  water  to  the  traps  in  large  quantities 
and  comparatively  cool.  Then,  so  far  as  the  feature  of  "  burn- 
ing "  blov/-off  piping  goes,  I  can  say  from  personal  experience 
that  I  have  found  no  trouble  from  blow-offs  of  a  battery  of 
boilers  that  are  forced  frequently  up  to  an  inch  and  a  half 
forced  draught,  by  connecting  together  the  surface  blow-off 
and  bottom  blow-off  back  of  the  rear  wall.  The  surface  blow- 
off  comes  out  from  the  rear  wall  at  a  point  opposite  the  water 
line.  The  bottom  blow  comes  out  in  the  conventional  place. 
Then,  by  making  a  vertical  connection  between  the  surface  blow, 
and  the  bottom  blow,  and  having  the  main  blow-off  valve  out- 
side of  both,  there  is  no  trouble  in  getting  a  sufficient  circula- 
tion between  the  two,  and  in  seven  years  blow-offs  so  piped 
have  not  needed  a  renewal. 

To  revert  to  the  first  thing — the  position  of  the  heater — speak- 
ing from  the  standpoint  of  a  running  engineer,  I  think  that  those 
39 
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who  have  the  immediate  charge  of  plants  would  often  be  very 
grateful  indeed  if  more  thought  was  put  in  by  designers  of  those 
plants  as  to  the  location  of  given  parts  of  the  machinery.  Too 
often,  both  on  shore  as  well  as  on  board  ship,  we  find  auxiliaries 
in  every  conceivable  place — places  difficult  to  keep  clean  and 
difficult  of  access  for  repair  work — and  I  am  sure  that  a  little 
increased  thought  on  the  part  of  the  designers  would  be  of 
benefit  to  engineers,  and  would  increase  the  economy  of  the 
operation  of  their  plants. 

No.  632—121. 

What  form  of  filing-cabinet  have  you  found  most  convenient  for  clippings,  etc.  ? 


Mr.  Spencer  Miller. — Every  engineer  knows  the  value  of 
clippings  and  scraps  taken  from  trade  journals.  The  difficulty 
of  collecting  and  classifying  such  valuable  information  has  been 
appreciated  by  almost  every  engineer,  and  many  novel  ways  of 
classifying  this  material  have  been  employed.  The  writer  will 
describe  a  scrap  cabinet,  having  long  since  abandoned  the  idea  of 
depending  upon  the  ordinary  scrap  books,  although  a  new  form 
of  scrap  book  is  included  as  an  element  of  the  scrap  cabinet. 

This  scrap  cabinet  consists  of  a 
series  of  drawers  of  proper  size,  in 
w^hich  may  be  deposited  clippings  in 
the  drawer  under  the  head  to  which 
it  belongs.  This  is  the  quickest  and 
simplest  way  of  filing  a  clipping  or 
bit  of  information  under  its  proper 
heading.  If  for  any  reason  the  user 
does  not  wish  to  stop  to  classify  tho 
clippings  he  should  provide  himself 
with  a  large  drawer,  either  in  the 
cabinet  or  in  his  desk,  where  such 
clippings  may  be  thrown  to  be  as- 
sorted at  leisure.  His  first  step 
therefore  would  be  to  distribute  the  material  so  collected  from 
the  large  drawer  to  the  various  drawers  for  classification.  Then 
take  one  drawer  at  a  time,  trim  the  clippings  down  to  the  mini- 
mum size,  and  pawte  the  same  upon  perforated  sheets  (see  Fig. 
178;  which  are   to  be  made  into  scrap  Vjooks  later  on ;  such 
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scraps,  of  course,  to  be  pasted  on  one  side  only,  witli  date  and 
name  of  publication  from  which  it  is  clipped.  These  sheets, 
when  there  are  sufficient  of  them,  are  assembled  in  their  proper 
order  in  the  form  of  a  scrap  book  with  covers  (Fig.  179)  and 
put  into  the  shelves  of  the  libra- 
ry, which  may  be  a  part  of  the 
scrap  cabinet  (Fig.  180). 

The  matter  of  the  size  of  these 
sheets  is  a  question  to  be  settled 
by  the  engineer.  The  author 
uses  8J  X  11  inches.  The  sheets 
are  of  manilla  paper,  good  stock, 
about  as  heavy  as  the  average 
writing  paper,  and  of  a  quality 
good  enough  to  write  upon  with  ink,  in  fact  the  same  manilla 
paper  as  ordinarily  found  in  the  best  scrap  books.  The  sheets 
are  cut  in  accordance  with  the  sketch  with  a  separating  strip 
or  stub,  1  X  11  inches,  pasted  on  one  edge  of  the  same,  being 


Fig.  179. 


perforated  with  four  holes  as  indicated  (see  Fig.  181).  This 
keeps  the  book  from  widening  at  the  opening  side.  These 
sheets,  after  the  clippings  have  been  pasted  thereon  are  still  left 
in  the  drawer,  usually  until  there  are  enough  of  them  to  staple 
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tof^ether.  The  ordinary  Gill  fastener  (Fig.  182)  is  sufficient  for 
this.  If  there  are  only  a  few  sheets,  they  are  simply  stapled 
to^^ether  and  left  in  the  drawer,  but  when  the  drawer  becomes 
filled  up,  the  sheets  are  taken  out,  inserted  between  covers, 
with  a  title  printed  on  the  outside,  the  whole  stapled  or  laced 
together,  and  filed  away  in  the  shelves.  The  covers  are  made 
9xll.\  inches.  These  are  made  stiff,  with  a  flexible  joint  one 
inch  from  the  binding  edge.     Thus  it  is  to  be  seen  that  at  no 
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Fig.  182. 


time  are  these  clippings 
in  any  form  in  which 
they  cannot  be  easily 
found,  and  there  is  no 
time  when  the  books 
may  not  be  rearranged. 
For  this  reason  it  is 
better  not  to  page  the 
books  at  all.  The  in- 
side dimensions  of  the  drawers  should  be  10  x  12^  inches,  so  as 
to  allow  the  books  to  be  dropped  in  if  desired.. 

Valuable  data  are  found  in  the  copies  of  patents,  which  are 
obtained  from  the  Patent  Office  at  a  cost  of  ten  cents.  Patents 
may  be  bound  by  themselves  in  covers  of  the  same  size,  or,  if 
desirable,  may  be  filed  in  the  drawer  under  their  proper  title, 
or  they  may  be  bound  in  with  clippings  under  their  proper 
heading.  When  this  is  done,  paste  the  edge  of  the  copy  of  the 
patent  to  one  of  the  separate  slips,  1  inch  wide  and  11  inches 
long,  so  that  the  perforations  just  project  over  the  edge  of  the 
copy.  This  extends  the  width  of  the  copy  of  the  patent  so  that 
it  conforms  with  the  size  of  the  loose  sheets,  and  usually  leaves 
a  little  margin  for  trimming. 

A  cabinet  should  consist  of  a  large  drawer  for  miscellaneous 
scraps,  probaljly  not  less  than  3  inches  deep,  another  drawer  for 
the  individual  sheets  and  a  few  separating  strips,  which  will 
ha  a  "stock  drawer,"  and  then  as  many  other  drawers  as  neces- 
sary' to  cover  the  subjects  desired  to  be  covered.  The  illustra- 
tion of  the  cabinet  shows  one  which  the  author  has  used  now 
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for  over  tliree  years.  It  contains,  besides  the  drawers,  two 
shelves,  the  lower  one  being  high  enough  to  take  in  the  scrap 
books,  being  12  inches  in  the  clear,  with  separating  stripe  (not 
shown  in  Fig.  180)  J  inch  wide  leaving  a  space  for  each  scrap 
book ;  on  these  stripes  the  title  of  the  book  are  placed,  and 
the  upper  shelf  is  high  enough  for  copies  of  the  Transactions 
of  the  engineering  societies.  There  is  also  one  drawer  which 
is  about  40  inches  long,  inside  dimensions  being  9x4  inches, 
in  which  are  filed  rolls  or  large  sheets  which  could  not  be  put 
in  the  scrap  books.  On  these  shelves  trade  catalogues  may  be 
placed.  Many  variations  may  be  made  of  this  cabinet.  An 
examination  of  these  scrap  books  would  reveal  not  only  clip- 
pings pasted  to  their  pages,  but  also  type-written  copy  either 
on  the  same  sheets  or  on  sheets  of  the  same  size,  which  may 
be  extracts  from  volumes  which  are  too  expensive  to  buy  for 
the  sake  of  clipping,  also  notes  and  memoranda ;  and  included 
in  this  scrap  book  is  an  "  index  rerum  ''  to  other  volumes.  Blue 
prints  from  photographic  negatives  are  pasted  in  the  book,  as 
well  as  sketches. 

One  of  the  difficulties  which  arise  usually  to  all  engineers 
who  have  a  love  for  cli23ping  and  collecting  scraps,  occurs  when 
an  immense  amount  of  scraps  have  been  collected  and  he  feels 
a  great  desire  to  cull.  This  system  permits  culling  perhaps 
better  than  any  other.  A  dozen  sheets  may  be  torn  out  of  a 
book,  and  the  whole  can  be  simply  closed  up,  and  their  absence 
is  never  missed.  A  great  deal  of  data  becomes  old,  out  of 
date,  and  unreliable,  and  if  it  is  not  wished  to  be  preserved  for 
historical  purposes  it  is  best  to  throw  it  away. 

A  nice  feature  of  the  cabinet  is  a  rolling  front  like  that  of  a 
roll-top  desk,  which  is  not  in  the  way  when  the  cabinet  is  open, 
and  keeps  out  the  dust  when  closed.  It  also  serves  to  make  it 
possible  to  lock  up  the  whole  affair  with  one  key. 

Mr.  W.  L.  Chase. — I  have  worried  clippings  and  incidentally 
myself  with  a  good  many  kinds  of  files,  beginning,  of  course,  with 
a  scrap  book  and  paste  pot,  and  including  some  of  the  standard 
letter  files,  and  various  sizes  and  styles  of  envelopes.  I  am  now 
using  a  sort  of  "  home-made  "  affair  which  takes  care  of  clip- 
pings, trade  catalogues,  circulars,  United  States  patent  copies, 
letters,  etc.,  with  such  convenience  and  satisfaction  that  I 
offer  the  following  description  and  the  accompanying  example 
of  it 
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I  get  made  to  order  at  an  envelope  factory,  from  heavy  manilla 
stock,  plain  envelopes  nine  by  twelve  inches  (9  x  12),  open  on 
one  of  the  twelve-inch  sides,  and  without  flaps.  These  are 
placed  in  file  by  laying  flat  on  shelves  piles  of  from  half  a  dozen 
to  thirtv  or  forty  of  them  (Fig.  183),  according  to  volume  of  con- 
tents, with  the  open  side  at  the  back  of  the  shelf.    The  file  mark 
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is  written  along  the  front  or  closed  twelve-inch  side.  Pamphlets 
are  j>laced  in  these  envelopes,  generally  without  other  cover, 
diHtribnted  if  of  small  size,  to  make  the  envelopes  lie  flat.  Cir- 
cidars,  letters,  patent  copies,  page  clippings,  etc.,  of  which  a 
larger  nundier  can  bo  placed  in  a  single  envelope,  are  generally 
placed  in  folders  about  eight  and  three-quarter  by  eleven 
indies  (8}  x  11),  open  on  three  sides,  any  one  of  which  can  b:^ 
witlidrawn    from  its  envelope   withcmt   disturbing   the    others. 
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Column  clippings,  notes,  etc.,  are  placed  in  similar  folders,  to 
one  leaf  of  wliicli  are  pasted  pockets  for  holding  the  clippings, 
or,  preferably,  narrow  flaps,  for  keeping  in  position  on  the  leaf  of 
the  folder  removable  pockets  or  column-width  folders  in  which 
the  clippings  are  jolaced.  On  one  side  of  the  column- width 
folders  I  write  the  titles  or  catch  phrases  of  the  contents,  to 
avoid  having  to  search  through  a  number  of  folders  for  an  item 
wanted.  The  small  folders,  with  contents  intact,  may  be  shifted 
about  within  the  same  large  folder,  or  transferred  to  another 
large  folder  or  another  envelope,  without  rewriting  lists  of  con- 
tents. And  no  matter  how  fast  nor  in  what  directions  the  col- 
lection grows,  there  is  no  rearranging  of  material  required, 
provided,  of  course,  a  satisfactory  classification  is  used,  except 
to  split  up  the  contents  of  a  large  folder  or  envelope  which  gets 
too  fat  into  two  or  more  folders  or  envelopes.  I  use  this 
arrangement  in  connection  with  the  Dewey  Decimal  classifica- 
tion, but  I  do  not  see  why  it  should  not  prove  equally  satisfac- 
tory with  an  alphabetic  or  other  classification.  The  photograph 
pasted  upon  the  back  of  the  accompanying  sam2Dle  envelope 
shows  the  appearance  of  the  file,  and  an  examination  of  the  sam- 
ple folders  within  will  give  a  quicker  and  clearer  idea  of  those 
details  than  can  a  written  description. 

Mr.  William  T.  Magruder. — Aii  efficient  filing  cabinet  is  one 
which  requires  the  smallest  expenditure  of  time  to  file  from 
one  to  one  hundred  clippings,  or  to  remove  from  one  to  a  dozen 
clippings  on  from  one  to  a  dozen  different  subjects.  They 
should  be  so  filed  as  to  be  readily  accessible  at  all  times,  and  so 
that  they  may  be  removed  separately  for  use  in  the  office  or 
elsewhere,  for  filing  under  other  titles,  or  for  the  waste  paper 
basket.  The  cabinet  should  permit  of  unlimited  growth  with 
the  least  expense  of  time  and  money.  It  should  be  an  econo- 
mizer of  time,  should  have  a  properly  titled  place  for  every 
subject  in  which  you  are  interested,  convenient  in  size  to  fit  all 
likely  clippings  without  excessive  folding,  and  should  be  dust- 
proof. 

Having  used  envelope  systems  and  box  systems  and  scrap- 
book  systems,  and  having  investigated  most  of  the  patented 
systems,  I  have  devised,  and  now  use  with  much  pleasure,  filing 
cabinets  which  fulfil  all  the  above  requirements  and  are  thor- 
oughly convenient.  Externally  they  have  the  appearance  of 
bookcases,  the  usual  glass  doors  being  replaced  by  a  Scotch 
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liollaiid  shade  on  a  spring  roller,  with  the  sockets  inside  of  the 
top  rail  of  the  outside  casing.  The  width  of  the  clipi)ing  case 
on  the  inside  between  the  ends  should  be  11  inch  greater  than 
the  width  of  the  curtain  or  shade  goods  it  is  proposed  to  use. 
Goods  of  36  and  42  inches  are  preferable  to  those  of  greater 
widtli,  and  the  edges  should  never  be  trimmed.  The  lower  slat 
should  be  Vtv  of  ^^^  "1^1^  shorter  than  the  distance  between  the 
ends  or  uprights,  so  as  to  cause  the  shade  to  run  true  at  all 
velocities.  The  pigeon-holes  for  the  clippings  are  made  4^  inches 
wide  bv  ^  inches  high  and  10  inches  deep  for  filing  newspaper 
clippiui^s.  For  filing  the  Transactions  of  the  Society  and  similar 
])amphlets  I  use  divisions  6^  x  3  x  10  inches,  while  for  cata- 
logues I  use  divisions  9  x  3  (or  6)  x  12  inches,  and  8  x  8  x  12 
inches.  The  pigeon-holes  are  made  by  inserting  horizontal  tin 
shelves  into  a  saw-kerf  3^2  of  an  inch  deep,  made  by  a  thin- 
bladed  back-saw  in  wooden  uprights  J  of  an  inch  thick.  The 
outer  edges  of  the  tin  shelves  are  bent  down  and  back  upon 
tiieinselves  for  strength,  and  to  prevent  cut  fingers,  and  to 
enable  them  to  retain  themselves  in  the  saw-kerf.  They  should 
be  inserted  i  of  an  inch  or  more  beyond  the  wooden  verticals,  in 
order  to  accommodate  the  title  slips.  These  consist  of  the  title 
of  the  pigeon-hole,  written  or  printed  in  a  space  ^q  of  an  inch 
by  2  inches,  bent  at  right  angles  on  the  end  of  a  piece  of  paper 
"2  X  T)  inches.  A  title  slip  is  placed  on  top  of  each  tin  shelf 
and  under  its  own  clippings. 

When  inserting  clippings  for  the  first  time,  it  is  well  to  leave 
a  pigeon-hole  vacant  in  every  five  to  accommodate  growth  ;  then, 
when  the  clippings  on  a  given  subject  get  too  numerous  for  one 
division,  the  tin  shelf  over  them  may  be  withdrawn,  and  a  divis- 
ion 6  inches  high  obtained ;  or,  they  may  be  reclassified  under 
two  or  more  titles.  When  a  set  of  pigeon-holes  is  completely 
filled  up,  or  when  there  are  no  more  unassigned  divisions, 
another  clipping  case  may  be  added,  and  the  clippings  with 
their  title  slips  rearranged  alphabetically  in  a  very  few  minutes, 
and  vacant  spaces  left  where  they  are  most  likely  to  be  needed. 
A  clipping  should  always  be  folded  so  that  it  can  be  filed  with 
its  title  ujjpormost,  so  as  to  be  seen  and  read  as  soon  as  with- 
drawn. As  the  stiles  of  the  outside  casing  of  the  cabinet  project 
1  inch  over  the  edge  of  the  shade,  which  runs  in  the  space 
between  tlic  casing  and  the  wooden  uprights,  the  cabinet  is  as 
nearly  <luHt-proof  as  is  necessary.     The  tin  shelves  are  amply 
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strong  up  to  9  inclies  wide,  and  are  more  economical  in  space 
occupied  and  in  first  cost  than  wooden  shelves.  By  increasing 
the  number  of  saw-cuts,  all  the  advantages  of  ratchet  shelving 
may  be  obtained. 

Mr.  Barton  Cndhshank. — In  keeping  memoranda,  catalogues, 
clippings,  etc.,  I  find  that  an  envelope,  six  and  a  half  inches  by 
ten  inches,  opening  at  the  end,  Avill  hold  nearly  anything  that  I 
care  to  keep.  This  size  is  large  enough  to  take  loose  sheets  the 
size  of  our  Transactions,  and  yet  not  enough  larger  to  make  a  very 
irregular  assortment,  if  catalogues  and  pamphlets  of  the  same 
size  are  placed  in  alphabetical  order  in  the  case  without  an 
envelope.  I  place  the  catch-word  in  the  upper  left-hand  corner 
of  either  the  envelope  or  the  cover  of  the  pamphlet,  and  then 
for  small  memoranda  I  use  the  standard  cards  furnished  by  the 
Library  Bureau,  though  any  other  would  do  equally  well.  These 
I  perforate  and  place  in  proper  order  on  the  front  of  envelope, 
fastening  with  the  standard  paper  fasteners. 

Where  card  memoranda  happen  to  come  in  front  of  catalogues 
not  in  envelopes,  a  piece  of  cardboard,  like  the  envelope  in  size 
and  perforation,  enables  me  to  place  the  small  cards  in  proper 
order. 

The  document  files  made  by  any  of  the  office  specialty  com- 
panies, such  as  the  Library  Bureau  of  Boston  and  New  York, 
the  Globe  Company  of  Cincinnati,  and  others,  or  Adjustable 
Book  and  Paper  Back,  made  by  the  Wells  Manufacturing  Com- 
pany of  Syracuse,  do  nicely  as  holders  for  the  envelopes.  If  the 
Wells  racks  are  used,  a  cabinet  made  so  that  the  racks  can  be 
pulled  out  like  drawers  from  the  end  of  the  rack  will  prove  better 
for  this  system  than  their  standard  cabinets. 

Any  matter  too  large  to  go  in  the  cabinet  used  may  be  cata- 
logued on  the  small  cards  and  then  filed  in  any  convenient  place  ; 
if  enough  of  this  larger  size  is  collected,  of  course  another 
cabinet  of  the  same  kind,  but  larger,  may  be  used. 

Mr.  W.  H.  Jaques. — The  clipping  or  filing  bureau  of  the 
Society  is  evidently  deficient,  so  far  as  I  am  concerned,  as  I 
did  not  receive  a  copy  of  this  paper  for  discussion  until  a  few 
moments  ago.  I  believe  that  the  New  York  Sun  has  the  repu- 
tation of  having  the  finest  record  of  clippings  in  this  city. 
As  that  paper  did  me  the  honor  to  say  that  I  have  the  best- 
arranged  data  on  the  subject  of  war  material,  I  would  have 
been  very  glad  to  have  brought  some  samples  of  my  method 
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here  to-night  and  to  have  had  something  prepared  that  might  be 
of  interest  to  the  Society.  I  can  only  say  that  I  have  some 
three  or  four  hundred  thousand  subjects  indexed,  relating  to  war 
material,  with  which  I  can  answer  almost  any  question  that  you 
mi'dit  ask,  if  you  were  in  my  library.  I  file  and  record  informa- 
tion by  a  combination  of  the  Harvard  card  catalogue  system, 
seven  sizes  of  envelopes  and  seven  sizes  of  boxes,  filling  one 
box  of  each  size  before  using  another.  If  I  attempted  to  have 
one  box  for  every  one  of  the  three  hundred  thousand  subjects 
it  would  be  quite  impossible  for  me  to  have  an  office  large  enough 
to  have  that  number  of  boxes.  I  file  my  materials  (it  doesn't 
make  any  difference  whether  they  are  photographs,  blue  prints, 
clippings,  or  records)  as  they  come  to  me.  When  one  box  is  full 
of  one  sort  I  commence  another  box,  and  in  that  way  I  add 
boxes  as  you  would  add  to  your  collection  of  books.  This  is  an 
extremely  simple  system,  and  I  shall  be  very  glad,  if  the  Society 
desires,  to  send  it  samples  of  my  method. 

There  are  quite  a  number  of  points  Mr.  Miller  presented  to 
which  I  take  marked  exception.  I  do  not  believe  in  using  the 
mucilage  brush  except  to  cause  tlie  different  parts  of  the  clip- 
pings to  adhere  to  each  other,  when  the  editor  has  not  been 
thoughtful  enough  to  put  them  in  such  a  form  in  the  paper  as 
to  allow  me  to  cut  them  out  conveniently.  It  is  very  easy  to 
file  clippings,  but  it  is  very  difficult  to  get  them  when  you  want 
them.  If  I  go  away  from  home  and  want  to  take  any  data  with 
me,  I  examine  my  card  index,  take  the  envelopes  from  the  boxes 
and  put  them  in  my  satchel.  It  is  a  simple  system,  which  facili- 
tates the  use  of  the  material  collected  in  a  most  excellent  way. 

Having  a  large  drawer  for  clippings,  to  be  sorted  at  leisure,  is 
perfectly  useless.  If  you  do  not  get  rid  of  your  clipping  on  the 
day  when  you  get  it,  you  will  get  yourself  into  trouble  very 
rapidly.  In  regard  to  scrap-books,  I  would  not  have  one  in  my 
technical  system.  They  take  up  a  great  deal  of  room  and  are  of 
no  earthly  use  for  reference. 

For  reference  to  patents,  periodicals,  and  works  I  do  not  wish 
to  destroy,  I  have  a  very  small  printed  form  on  which  is  printed 
the  head,  sub-head,  date,  author,  number  of  the  paper,  and  the 
sequence  of  the  envelope  in  the  drawer.  When  reading  I  mark 
the  articles  to  bo  indexed  witli  a  blue  pencil  and  a  red  penciL 
The  blue  pencil  indicates  the  head,  and  the  red  pencil  the  sub- 
head.    As  I  run  my  eye  over  the  technical  journals  I  mark  them 
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and  give  them  to  my  secretary  for  indexing.  He  has  a  series  of 
rubber  stamps  for  the  various  periodicals  and  dates,  and  he 
records  all  the  required  data  on  the  form  described  above,  and 
that  small,  thin  piece  of  paper  goes  into  its  proper  envelope.  In 
that  way  I  have  been  able  to  file  an  enormous  amount  of  material 
in  a  very  small  space. 

I  file  photographs,  blue  prints,  and  drawings  the  same  way 
most  draughting-rooms  record  them. 

In  regard  to  culling,  if  the  slips  are  not  pasted  anywhere,  it 
is,  of  course,  very  easy,  as  the  slips  become  obsolete,  to  take 
them  out  of  the  envelopes  and  throw  them  away. 

I  am  sorry,  as  I  said  before,  that  your  filing  bureau  was  not 
in  such  good  form  that  I  could  have  received  this  topic  before. 

The  President, — There  is  nothing  to  prevent  your  writing  it 
out  briefly  and  sending  it  in,  and  it  will  appear. 

Mr.  Jaques. — Thank  you.  I  shall  be  very  glad  to  accept  your 
suggestion,  Mr.  President. 

Mr.  Oherlin  Smith. — My  experience  in  this  matter  is  rather 
limited,  having  kept  myself  in  the  attitude  of  a  young  man,  just 
getting  along  in  a  temporary  way,  expecting,  as  he  gets  toward 
middle  age,  to  profit  by  the  experience  of  other  people,  and 
never  starting  a  very  good  system,  because  he  hopes  a  better 
will  turn  up.  It  seems  to  me  that  a  great  deal  of  study  should 
be  put  into  this  question,  and  that  proper  cabinets  and  filing 
arrangements  should  be  manufactured,  which  could  be  bought 
cheaply  by  everybody,  instead  of  having  the  miscellaneous  mix- 
ture which  we  have  now.  As  a  merely  temporary  matter,  for 
want  of  something  better,  as  I  say,  I  have  been  in  the  habit  of 
using  home-made  drawers  with  two  small  compartments,  side  by 
side,  duly  arranged  in  the  manner  of  an  ordinary  card  index, 
taking  cards  and  envelopes  3  x  4V  inches.  These  lean  back 
against  a  sloping  adjustable  block  at  the  rear,  which  can  be  set 
to  make  the  effective  drawer  longer  or  shorter.  Over  the  thick 
middle  partition,  sunk  flush  with  top  of  drawer,  are  two  thin 
strips  of  wood  connected  with  links,  exactly  like  a  parallel 
ruler.  The  centres  of  the  links  are  pivoted  to  centre  of  parti- 
tion, and  thus  the  strips  may,  by  one  motion,  be  swung  out  over 
both  sets  of  cards,  etc.,  respectively,  keeping  them  from  rising 
when  the  drawer  is  opened.  The  envelopes  contain  postal 
cards  received  with  information  on,  small  clippings  of  all  sorts 
from  newspapers,  or  letters,  temporarily  written  memoranda, 
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etc  At  the  top  of  each  is  written  in  the  usual  way  the  name  of 
subject,  the  initial  of  the  name  being  a  large  black  printed 
letter,  to  assist  the  eye  in  arranging  aliDliabetically.  Between 
each  letter  of  the  alphabet  is  a  wider  card,  as  usual  in  similar 
card  indexes,  with  a  big  letter  at  the  top.  Besides  the  enve- 
lopes there  are,  as  before  stated,  cards  with  a  printed  initial, 
dotted  line,  and  blank  date.  This  is,  therefore,  a  mixture  of 
envelopes  containing  anything  at  all  that  may  be  useful,  and 
ordinary  white  stiff  cards,  with  information  written  or  pasted  on 
them.  Whenever  any  document  is  too  large  to  go  in  these 
double-width  drawers  it  is  put  into  a  larger  one,  occupying  the 
same  width,  below,  and  an  index  card  is  put  in  above,  indexing 
everything  in  the  large  drawer,  so  that  the  small  one  (or  a 
series  of  them  when  it  becomes  full)  really  contains  all  the 
information  sought,  and  is  complete  as  a  record.  Everything 
in  the  large  drawer  is  in  9J  x  12^  inch  envelopes,  made  of  stiff 
manilla  paper.  Laid  against  the  front  of  them,  to  hold  them 
back  and  down,  is  a  heavy  wooden  block  hinged  so  that  it  can 
be  thrown  against  front  of  drawer,  beyond  balancing  position, 
when  one  wants  to  take  anything  out.  In  these  envelopes  are 
kept  large  pieces  of  newspaper,  or  small  pieces  pasted  on 
cards,  or  patent  copies,  or  drawings  and  sketches  on  one  of  my 
standard  drawing-paper  sizes,  9  x  12  inches ;  sometimes  also 
thin  pamphlets  and  certain  letters  that  are  kept  out  for  special 
reference,  etc.  In  regard  to  keeping  pamphlets  in  general,  I 
have  never  been  able  to  devise  any  really  good  way.  I  usually 
keep  them  in  pasteboard  boxes  which  I  bu}^,  that  are  alleged  to 
look  like  books.  They  are  convenient  things  to  stand  on  book- 
shelves, with  the  name  of  the  subject  on  the  back.  So  long  as 
catalogue  makers  have  no  standards  of  size,  as  they  ought  to, 
and  as  I  hope  they  will  some  time,  catalogues  come  in  of  every 
imfiginal)le  length,  breadth,  and  thickness.  And  I  have  no 
doubt  that  if  the  mathematicians  invent  a  fourth  dimension,  that 
will  be  varied  too.  Any  special  indexing  that  is  desired,  further 
than  one  can  get  by  merely  looking  at  the  labels,  can  be  done 
by  the  card  index.  In  regard  to  keeping  periodicals,  I  merely 
put  them  away  in  files,  that  is,  if  they  are  not  periodicals  that 
are  to  be  thrown  away.  If  I  want  to  refer  to  anything  therein  I 
mark  witli  a  red  pencil  an  *'I,"  for  "index,"  and  my  stenog- 
rapher indexes  them  upon  a  card.  I  won't  say  anything  here 
in  detail  about  a  system  of  keeping  standard  drawings.     I  have 
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a  complete  system  for  that  performance  in  a  separate  safe  with 
large  drawers,  all  the  sizes  being  classified  in  an  index  belong- 
ing to  them  ;  but  of  course  there  is  nothing  to  prevent  a  separate 
reference  being  entered  in  the  card  index  regarding  any  certain 
drawing. 

Mr.  F.  A.  Balsey. — After  trying  and  discarding  several  plans, 
I  settled  some  ten  years  ago  upon  the  Du  Bois  letter  file.  This 
file  has  no  special  merits,  so  far  as  I  know,  for  its  intended  pur- 
pose, but  it  is  admirably  adapted  for  filing  clippings.  The  plan 
is  very  similar  to  the  one  sketched  by  Mr.  Smith.  It  consists 
of  a  box  of  various  sizes — my  own  being  about  twelve  inches 
long  by  six  deep,  and  eight  inches  wide.  The  box  has  a 
hinged  lid,  and  is  provided  with  slips  of  heavy  manilla  paper 
standing  upon  their  edges,  and  having  the  alphabet  cut  upon 
their  upper  edges.  A  follower  board  is  provided  for  pressing 
the  contents  together  and  keeping  them  flat.  Additional  manilla 
slips  are  provided  for  subdividing  different  letters  of  the  alpha- 
bet when  the  collection  becomes  numerous  enough  to  need  it. 
I  have  a  piece  of  heavy  pasteboard  in  the  box,  over  which  the 
clippings  are  folded  to  make  them  uniform  in  size,  and  after 
folding  and  writing  an  initial  letter  upon  one  corner,  the  clipping 
is  ready  for  filing.  I  have  also  a  supply  of  heavy  writing  paper 
of  the  same  size  as  the  piece  of  pasteboard  previously  named. 
These  papers  are  ruled  in  squares,  and  on  them  I  place  my 
various  notes  and  memoranda,  so  that  the  box  becomes  a  note- 
book as  well  as  a  scrap-book.  Clippings  of  small  size  are  pasted 
upon  these  papers  so  as  to  prevent  their  falling  to  the  bottom 
of  the  box,  and  this  is  all  the  pasting  required.  Clippings  occu- 
pying different  sheets  of  paper  are  simply  folded  together,  with- 
out pasting.  One  of  the  great  advantages  of  the  file  is  its 
facility  for  indefinite  enlargement.  When  the  box  gets  full  a 
new  one  is  obtained,  and  the  alphabet  is  divided  between  the 
two.  My  objection  to  the  system  presented  in  the  paper  is  that 
it  is  too  elaborate  and  involves  too  much  labor. 

As  stated  at  the  beginning,  my  file  has  been  in  use  for  some 
ten  years,  and  so  far  has  proven  itself  entirely  satisfactory. 

Mr.  Walton  Clarl\ — The  knowledge  that  I  have  a  system  in 
use,  not  at  all  original,  that  is  perfectly  satisfactory  to  me,  over- 
comes my  natural  desire  to  remain  silent  at  the  first  meeting  of 
the  American  Societv  of  Mechanical  Encjineers  that  I  have  had 
the  privilege   of  attending.      I   would   criticise   the   system   of 
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Mr.  Miller  as  involviug  too  much  labor.     During  my  apprentice- 
ship 1  followed  his  system  of  cutting  out  clippings  and  throwing 
them  into  a  drawer,  thinking  that  I  would  file  them  subsequently, 
and,  with  the  natural  hunger  of  youth  for  printed  matter,  I  accu- 
mulated a  drawerful,  and  pretty  soon  nearly  a  houseful,  which 
eventually  I  consigned  to  the  flames.     I  do  not  believe  at  all  in 
separate  drawers  for  different  subjects.     If  you  adopt  a  separate 
drawer  for  each  subject  and  you  accumulate  one  hundred  sub- 
jects, as  you  probably  ma^^  in  the  first  two  months,  you  may 
have  a  hundred  separate  drawer^,  when  one  drawer  could  con- 
tain all  the  material  covered  under  those  hundred  heads.     An- 
other objection  to  the  drawer  and  the  paste-pot  system  is  the 
fact  that  a  clipping  is  often  most  valuable  if  you  can  give  it,  at 
the  moment  of  cutting  it,  a  title  that  will  suggest  to  you  the 
impression  that  that  clipping  makes  upon  you  at  tho  time,  and 
the  bearing  it  has  on  some  work  done  previously.     The  time  to 
title  and  dispose  of  a  clipping  is  when  you  make  it,  and  many 
men  get  their  clippings  where  they  do  their  work,  all  over  the 
country.     I  have  collected  data  and  clippings  from  New  York  to 
San  Francisco,  and  from  St.  Albans  to  San  Antonio.    I  carry  with 
me  a  small  pocketbook  having  two  compartments.     In  one  of 
these  compartments  I  have  small  envelopes  and  cards  of  exactly 
the  same  size,  the  envelopes  for  clippings,  the  cards  for  data. 
These  I  take  out  from  time  to  time,  as  occasion  arises,  fill  them, 
and  place  them  in  the  other  compartment  of  the   pocketbook. 
At  home  I  have  drawers  about  like  the  upper  one  shown  on  the 
blackboard — very  much  on  the  Library  system  filing  plan.     In 
these  drawers  I  drop  these  filled  envelopes  and  cards.     I  can 
drop  in  fifty  in  five  minutes  in  their  proper  places.     The  separa- 
tion of  subjects  is  made  by  cards  that  stand  a  quarter  of  an  inch 
liigher  than  the  others,  and  have  written  near  their  upper  edges 
the  names  of  the  subjects  filed  behind  them.     They  are  alpha- 
betically aiTanged.     When  I  began  a  filing  system  it  was  neces- 
sary that  it  should  be  one  that  was  easily  handled,  and  one  that 
should  be  cheap  to  start.     One  drawer  and  one  or  two  ordinary 
cardboard  filing  cases  for  containing  pamphlets  and  the  larger 
clippings,  that  will  not  go  in  the  little  envelopes  that  I  carry 
with  me,  are,  with  the  cards  and  envelopes,  all  that  is  necessary 
to  start  the  scheme.     Pamphlets  and  large  clippings  I  index  on 
the  rards  tliat  I  drop  into  the  drawer  in   their  proper  places, 
putting  tlio  large  clippings  and  pamphlets  into  the  filing  cases, 
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which  are  divided  up  into  compartments  by  lettered  leaves. 
These  leaves  are  designed  to  simplify  the  finding  of  filed  papers, 
and  are  movable,  so  that  one  compartment  may  contain  all  that 
goes  into  that  case,  if  necessary.  I  make  comparatively  few  clip- 
pings. My  experience  does  not  lead  me  to  value  a  file  by  its 
cubic  inches.  I  take  care  of  the  pamphlets  finally  by  binding 
them,  and  on  the  back  of  the  binding  I  place  .certain  numbers, 
which  are  given  also  on  index  cards,  referring  to  the  contents  of 
the  pamphlets  contained  in  that  binding.  The  cards  are  placed 
in  the  drawer  above  referred  to.  Such  a  filing  system  as  I  have 
endeavored  to  describe  can  be  started  at  an  expense  not  to 
exceed  five  or  six  dollars,  and  can  go  on  to  cover  the  three 
hundred  thousand  subjects  of  the  gentleman  who  collects  war 
data. 

The  culling  out  of  old  data  is  very  simple  under  my  scheme. 
When  I  refer  to  a  subject  in  the  little  drawer  I  take  out  all  the 
cards  and  clippings  on  that  subject  and  run  them  over.  If  there 
is  anything  that  has  been  proved  valueless  in  the  meantime,  I 
tear  it  up.  The  system  may  not  be  perfect ;  I  suppose  it  is  not, 
but  it  answers  my  purposes  so  far,  and  it  takes  little  time.  I  do 
not  know  what  occupation  Mr.  Miller  is  engaged  in,  but  I  know 
if  he  were  a  gas-house  hustler  he  would  not  have  time  to  carry 
out  his  plan  of  filing  scraps. 

Mr.  Louis  Wright. — I  would  like  to  indorse  the  last  speaker. 
I  had  a  system  in  use  eight  or  nine  years  similar  to  that  which 
the  last  gentleman  mentioned,  filing  the  clippings  in  separate 
drawers  and  indexing  them  by  the  leading  word  of  the  article. 
I  found  that  to  work  very  satisfactorily.  I  can  find  anything  I 
want  on  a  moment's  notice. 


No.  632—122. 

What  is  the  best  telephone  system,  between  the  manager's  oflBce  of  an  exten- 
sive plant  and  the  various  depart ments  of  the  works  ? 

Mr.  C.  J.  H.  Woodbury. — The  telephone  differs  from  all  other 
methods  of  communication  in  that  it  virtually  brings  the  parties 
into  each  other's  presence.  There  is  not  the  delay  of  messen- 
gers, the  conventionalizing  of  writing,  the  waiting  for  a  reply ;  a 
message  goes  in  only  one  direction  ;  the  telephone  serves  in 
both  directions.     It  brings  about  a  conference,  and,  as  such,  one 
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of  the  highest  values  is  in  its  application  to  manufacturing 
establishments,  for  which  purpose  a  fertility  of  inventive  re- 
source has  been  applied  to  provide  apparatus  especially  adapted 
for  such  use,  which  uaturall}^  differs  from  what  is  required  in 
the  general  service  of  a  telephone  communicating  to  a  central 
exchange,  whose  ramifications  not  only  extend  to  other  tele- 
phones in  the  vicinity,  but,  through  the  long  distance  lines,  over 
such  a  vast  area  that  a  single  voice  can  hold  conversation  with 
any  one  of  over  half  the  population  of  the  United  States.  With 
the  factory  system  the  problem  is  a  far  different  one,  being 
merely  that  of  entering  into  instant  communication  with  any  one 
of  twenty,  or  even  more,  persons  in  the  vicinity,  and  the  service 
must  be  furnished  at  a  minimum  cost,  both  for  installation  and 
attendance.  The  simplicity  of  the  apparatus  as  furnished  per- 
mits the  first  condition,  while  its  arrangement  provides  for  a 
complete  intercommunication  at  will  among  the  persons  using 
the  telephone,  without  any  switchboard  or  attendant. 

The  telephone  lines  in  the  factory  system  are  cabled  accord- 
ing to  the  number  of  stations,  in  a  manner  comparable  to  that 
of  certain  watchmen's  record  clocks,  or  the  usual  annunciator 
devices.  At  each  telephone  the  person  calling  up  any  one  else 
on  the  system  makes  the  connection  to  the  telephone  desired 
by  means  of  a  dial  or  a  plug  on  the  telephone  stand,  and  the 
connection  is  made  without  the  use  of  any  switchboard  or  the 
assistance  of  any  other  operator,  and  rings  a  bell  by  the  touch 
of  a  button. 

If  the  person  addressed  is  busy  at  his  telephone,  the  one 
interfering  can  learn  the  fact  by  transmission  of  sound,  and  he 
is  informed  of  the  interruption  as  readily  as  if  it  occurred  in  the 
personal  presence  of  those  individuals. 

In  this  apparatus,  any  combination  of  wiring  which  may  be 
desired  to  meet  local  conditions  is  feasible ;  for  example,  all  of 
the  communications  over  the  lines  may  pass  through  the  tele- 
phono  on  the  desk  of  the  manager  at  his  will,  without  ringing 
that  boll,  unless  one  of  the  departments  wishes  to  address  him 
directly ;  or  the  manager's  telephone  may  be  so  connected  that 
the  reverse  will  not  occur,  by  arranging  the  wires  so  that  when 
his  transmitter  is  in  use  he  has  communication  only  with  the 
party  addresser!.  In  some  cases  it  may  be  preferable  to  place  a 
number  or  perhaps  all  of  the  instruments  on  a  single  circuit, 
and  summon  the  party  desired  by  numerical  calls  on  the  bells; 
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and,  at  tlie  other  extreme  of  various  methods,  a  small  switch- 
board is  placed  in  the  office  of  the  works,  and  attended  to  by 
some  person  employed  in  the  counting-room. 

The  factory  telephone  system  is  purely  local,  and  does  not 
involve  the  cost  of  investment  and  maintenance  of  long  lines, 
and  complicated  switchboards  at  central  stations,  with  their 
constant  attendance,  as  is  the  case  with  the  general  telephone 
system ;  and  by  reason  of  this  avoidance  of  expense  the  cost  is 
far  less,  and  the  factory  system  is  furnished  at  a  correspond- 
ingly diminished  rate.  To  obtain  satisfactory  results  it  is 
essential  that  the  plant  should  be  installed  by  one  thoroughly 
familiar  with  the  apparatus,  yet  the  arrangement  of  wiring  and 
batteries  is  so  simple  that  a  man  in  charge  of  dynamos,  watch- 
men's clocks,  and  annunciators,  generally  used  in  manufacturing 
establishments,  should  also  be  able  to  give  any  attention  which 
the  corresponding  portion  of  the  factory  telephone  system  may 
require. 

No.  632—123. 

Recent  developments  in  the  manufacture  of  illuminatino^  gas. 

Mr.  M.  P.  Wood. — I  desire  to  call  the  attention  of  the  Society 
to  some  improvements  that  have  been  lately  made  in  the  manu- 
facture of  gas,  either  for  fuel  purposes,  or,  more  particularly,  for 
illuminating  purposes,  as  distinguished  from  the  destructive 
distillation  of  coal.  The  method  ordinarily  in  use  requiring  a 
complicated  apparatus  and  great  heat,  this  might  be  denomi- 
nated a  cold  process,  inasmuch  as  in  the  evolution  of  the  gas  no 
heat  at  all  is  evolved.  It  is  produced,  as  I  will  show  you  here, 
from  calcium  carbide,  and  not  only  from  this  substance,  but 
barium  carbide  and  strontium  carbide  possess  the  same  feat- 
ures, and  possibly  to  a  greater  degree  than  the  calcium  carbide. 
It  is  simply  a  union  of  common  carbon,  pulverized  (any  carbon 
that  will  make  a  good  carbon  filament  for  electric  light,  or  pulver- 
ized coal\  mixed  in  a  definite  compound  with  ordinary  builders' 
lime,  quicklime,  and  then  fused  in  the  electric  furnace  (a  sketch 
of  the  furnace  made  upon  the  blackboard),  the  resulting  com- 
pound being  a  mass  resembling  the  slag  from  a  blast  furnace, 
gray  in  color,  very  hard,  weighing  155  pounds  to  the  cubic  foot. 
These  substances  are  fused  in  an  open  electric  furnace  in  which 
the  base  is  a  cast-iron  plate  forming  the  cathode  to  which  the 
40 
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nef'ative  wire  from  the  dynamo  is  led,  and  the  carbon  point 
enters  the  open  mouth  of  the  furnace  and  makes  the  positive 
pole  connection  to  the  dynamo.  The  material  is  shovelled  in, 
the  current  turned  on,  fusion  at  once  ensues,  the  furnace  is 
tapped,  and  as  it  runs  off  other  material  is  added,  and  a  con- 
tinuous process  is  had.  As  we  drop  this  piece  of  carbide  into 
the  water,  you  will  notice  at  once  hydration  begins,  and  the  gas 
evolved  iguites  as  I  apply  a  match  to  it.  It  would  burn  con- 
tinuously if  the  air  could  get  to  it.  It  slacks  upon  exposure  to 
the  air  about  the  same  as  quicklime,  and  requires  to  be  pro- 
tected in  the  same  way.  After  air  slacking,  however,  it  does 
not  lose  all  of  its  gas-giving  properties.  Here  is  some  that  has 
been  air-slacked  which  I  will  pour  in,  and  it  still  evolves  gas 
and  burns.  It  should  be  used  while  in  its  ];rimal  condition  of  a 
hard  substance.  For  a  domestic  apparatus  all  that  is  necessary 
is  an  earthen  or  metallic  vessel  of  any  given  capacity,  say 
about  the  size  of  a  Dutch  churn,  with  a  little  gas-holder  the 
size  of  a  water  barrel,  and  an  arrangement  of  a  funnel  siphon 
over  it,  so  that  as  your  holder  descends  it  would  open  a  valve 
and  allow  a  small  quantity  of  water  to  reach  the  carbide,  and 
the  evolution  of  gas  at  once  commences,  raises  the  holder,  cuts 
off  the  supply  of  water,  and  it  is  automatic  in  all  respects.  A 
single  charge  will  last  from  three  to  four  or  six  months,  accord- 
ing to  the  quantity  of  gas  used.  The  chemical  composition  of 
the  matter  is  this :  the  calcium  carbide  represented  by  the  sym- 
bol CaC.2  is  hydrated  by  the  addition  of  water  and  becomes 
CaC.  -»-  H.O.  The  affinity  for  the  oxygen  in  combination  in 
water  is  stronger  for  the  calcium  than  it  is  for  the  hydrogen, 
and  it  comes  over  to  the  calcium,  forming  CaO  quicklime,  leav- 
ing C2  -)-  H2,  or  pure  acetylene  gas.     Its  specific  gravity 

(  92  (Berthelot)  =  69.484  pounds  )         ,  ^^^      t    p    ^ 
~    J  01  /Tu  ao  urro  1    (  per  1,000  cubic  feet. 

(  91  ( Ihomsen    =  68.878  pounds  )  ^ 

When  mixed  with  40  per  cent,  of  air,  its  specific  gravity  =  .9412 
to  /.^iC)  =  71.1850  pounds  per  1,000  cubic  feet.  Pure  acetylene 
calorific  power  fThomsen's  formulae) 

j  21,492.7  HU  per  pound  I    ,        .       ,         ,     n-      -ax 

=    i    1,4'.»3.4HU  per  cubic  foot     [   burning  to  water  (liquid), 


or 


(20.745     HU  per  pound  i    ,        . 

(    1,441.4  HU  per  cubic  foot    f   ^^'^"^^^  *^  ^^^^'^  '^^P^^'' 
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Its  equivalent  light  unit  is  80,000  to  100,000  candle-feet  of  ordi- 
nary city  gas  of  22  to  26  candle-power.  The  gas  of  itself  is  not 
condensible  by  cold  or  pressure.  It  burns  with  a  perfectly  white 
light,  so  much  so  that  two  half- foot  burners,  burning  1^  feet 
of  gas  each  under  an  inch  of  pressure  per  hour,  give  a  light 
equal  to  diffused  daylight.  It  bears  an  admixture  of  40  per 
cent,  air  with  manifest  advantage  over  burning  pure  acetylene. 
This  80,000  candle-feet  combination  represents  the  gas  when  40 
per  cent,  of  air  has  been  mixed  with  it.  Explosive  effects  of 
mixture  of  air  and  gas  cease  at  about  20  of  air  to  1  of  gas. 
When  the  gas  is  burned  pure  it  represents  from  8,000  to  10,000 
cubic  feet  of  80  to  90  candle-power  gas.  It  is  perfectly  white, 
and  more  steady  than  any  ordinary  gas  flame.  The  flame  is 
tough — cannot  be  blown  out  under  ordinary  circumstances  by 
currents  of  air  or  by  the  mouth,  except  as  yoii  exert  yourself 
and  give  it  an  intermittent  blast,  which  would  extinguish 
almost  anything.  The  substances  that  enter  into  this  carbide 
are  2  tons  of  pulverized  coke,  2J  tons  of  quicklime,  which, 
united,  give  2  tons  of  CaC^,  and  requires  an  electrical  energy  of 
about  75  volts,  2,000  amperes,  equivalent  to  about  2G0  horse- 
power, which  would  yield  about  two  tons  of  carbide  for  a  24-hour 
day. 

These  are  the  principal  facts  connected  with  it.  Whether  it 
will  ever  replace  city  gas  is  a  question  of  how  cheaply  it  can  be 
made.  At  present  this  cost  represents  about  10  tons  of  carbide 
per  day  per  1,000  horse-power,  or  what  may  be  considered 
equal  to  24  pounds  of  carbide  per  24  hours  per  horse-power. 
The  alternating  current  that  is  new  being  experimented  with,  in 
distinction  to  where  it  has  been  made  by  the  direct  current,  will 
probably  bring  up  the  production  to  20  tons,  with  a  possible  30 
tons  in  sight  for  the  dynamo  duty  per  24-hour  day.  At  10  tons 
the  cost  of  the  gas  would  probably  be  $1.50  per  thousand  of  24  to 
26  candle-power.  It  will  completely  replace  the  Pintsch  system 
of  manufacturing  gas  from  oil,  or  any  other  compressed  gas  from 
the  ordinary  hydrogen  water  gas,  and  the  carburetted  air  gas,  or 
the  Springfield  and  kindred  gassed-air  systems.  Domestically, 
a  corner  of  a  cellar  six  feet  square  would  give  room  for  an 
apparatus  that  would  take  care  of  half  a  dozen  surrounding 
houses,  and  would  ba  perfectly  automatic,  only  requiring  the 
charging  of  the  gas  generator  once  in  a  certain  number  of 
months.     The  carbide  material  would  be  shipped,  or  could  be 
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haiulleil,  in  empty  oil  casks — anything  to  keep  the  air  from  it — 
and  in  quantities  would  be  shipped  very  likely  in  tank  cars.  As 
we  break  the  substance  we  find  that  it  has  crystallized  in  the 
cubical  form,  and  some  of  the  crystals,  when  the  carbide  has 
been  fresh  made,  are  a  very  beautiful  purplish-blue  color,  very 
Lirge  and  very  distinctive.  In  searching  for  the  chemistry  of 
the  carbides  we  find  comparatively  no  knowledge  concerning 
them.  Our  text-books  of  chemistry  are  barren  on  the  subject 
of  carbides,  though  acetylene  gas  has  been  known  to  chemists 
for  over  sixty  years,  and  its  production  from  the  fusion  of  char- 
coal and  zinc  by  a  group  of  Bunsen  elements  fully  described 
and  practised  in  the  laboratory.  The  advent  of  electrical  science 
in  the  construction  of  the  dynamo  has  brought  out  these  subjects 
in  the  case  of  borides,  silicides,  and  the  carbides,  all  of  which 
are  assuming  great  chemical  importance,  and  all  of  which  are 
gas-making  materials.  The  substances  from  which  they  are 
made  are  widely  diffused  in  nature.  That  calcium  carbide  has 
been  developed  to  this  point  is  simply  a  question  of  accident  in 
the  manufacture  of  carbon  filaments  for  electric  light.  Barium 
and  strontium,  when  put  into  the  form  of  carbides,  give  a  little 
greater  percentage  of  gas  than  the  calcium.  They  would  be 
represented  by  the  symbols : 

BaCj  +  HoO  =  BaO  +  C.2H.2  =  acetylene  gas. 
SnC,  +  H2O  =  SnO  +  C,H,  = 

3/r.  Ke)it. — I  would  like  you  to  explain  how  the  2  tons  of 
carbon  and  2h  tons  calcium  make  2  tons  only  of  the  carbide. 

Mr.  Wood, — There  is  a  waste.  You  will  notice  in  these 
samples  tliat  the  compound  is  a  dark  gray  color  instead  of  being 
wliite.     It  is  the  free  carbon  in  it. 

Mi\  Kent. — That  2  tons  is  the  pure  carbide,  and  the  other  is 
the  residue  ? 

Mr.  IVoofL—YeH,  together  with  the  furnace  wastes  in  volatili- 
zation and  impure  furnace  slag. 

Mr.  A'enf.—  la  it  a  simple  mono-carbide  ? 

Mr.  Wood — That  is  all ;  two  elements  of  carbon  and  one  of 
calcium. 

Mr.  Kenf. — It  is  curious  that  in  iron  the  carbides  are  indeter- 
minable. We  do  not  know  them.  But  here  it  seems  a  plain 
carbide.     Have  you  compared  the  light  you  can  get  out  of  200 
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liorse-power  with  the  amount  of  electric  light  jou  can  get  with 
the  same  horse-power  ? 

Mr.  Wood. — I  am  informed  that  one  ton  of  the  carbide  will 
give  an  equivalent  light  of  from  80,000  to  100,000  candle  feet 
of  ordinary  city  gas,  22  to  26  candle-power  gas.  I  have  not 
measured  the  power  of  the  light  myself. 

Ml.  Kent. — Would  that  give  as  much  light  as  the  electric  light 
from  the  same  horse-power  ? 

Mr.  Wood. — That  I  am  not  prepared  to  answer,  as  electric 
candle-power  is  a  very  variable  quantity. 

Mr.  Durfee. — I  presume  it  would  be  possible  to  use  this 
material  in  the  ordinary  Dobronnier  apparatus,  which  was 
formerly  used  for  making  pure  hydrogen  for  domestic  pur- 
poses ? 

Mr.  Wood. — The  ordinary  house  service-pipes  require  no 
change  at  all  to  use  the  gas. 

Mr.  Durfee. — I  mean,  using  it  as  a  table  lamp,  with  the 
Dobronnier  arrangement  of  bell  and  outside  cylinder. 

Mr.  ^006?.— This  material,  when  the  surplus  water  is  poured 
off,  and  the  deposit  is  enclosed  for  a  short  time  within  a  case, 
develops  a  very  notable  per  cent,  of  ammonia — so  much  so  that 
the  refuse  is  a  most  excellent  fertilizer.  There  would  be  no 
waste  in  it. 

Mr.  Durfee. — This  (referring  to  a  sketch)  is  the  arrangement 
to  which  I  referred.  It  consisted  of  an  exterior  cylinder  in 
which  there  was  a  bell.  In  the  bell  was  suspended  a  gauze  of 
zinc  or  iron.  This  was  an  acidulated  solution  out  here.  When 
the  cock  was  closed  the  gas  filled  the  bell  and  drove  the  solution 
away  from  the  suspended  zinc.  Then,  of  course,  the  generation 
of  gas  stopped  at  once.  When  the  cock  was  opened  the  genera- 
tion of  gas  immediately  commenced.  The  question  I  meant  to 
ask  was,  whether  such  an  apparatus,  for  portable  use  in  a  house 
where  there  were  no  gas-pipes —whether  this  calcium  carbide 
could  not  be  put  in  that  gauze  and  used  precisely  as  the  zinc 
was  used. 

Mr.  Wood. — It  would  work  the  same  as  if  the  connection  was 
made  with  a  little  gas  receiver,  only,  in  this  case,  you  would  con- 
sume pure  acetylene,  whereas  the  gas  burns  with  better  effect 
and  is  cheaper  when  mixed  with  some  air. 

ifr.  Durfee. — In  the  old  hydrogen  lamp  the  apparatus  was  not 
as  big  as  that. 
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Mr.  Kent, — Is  any  of  the  calcium  carbide  available  for  experi- 
ments? 

Mr.  Wood.— ^oi  at  present.  It  is  being  made  ready  for  the 
market.  Within  the  next  30  days  there  will  be,  in  the  neighbor- 
hood of  New  York,  the  first  manufacture  of  it  started,  at  the  rate 
of  10  tons  a  day,  and  to  be  followed  in  January  to  the  amount 
of  100  tons  a  day  ;  it  is  exploited  by  the  principal  gas  men  of 
the  United  States.  Most  of  the  leading  presidents  of  the  strong 
eras  companies  of  the  United  States  are  at  the  head  of  the  enter- 
prise. The  intention  is  to  complete  a  number  of  large  plants  at 
as  early  a  date  as  possible,  and  to  use  the  C2H2  for  enriching 
water  gas,  instead  of  oil  or  naphtha.  Approximately,  5  gallons 
of  naphtha  are  used  to  bring  the  ordinary  blue,  or  water,  gas  up 
to  a  30-candle-power  light.  This  amount  of  naphtha  represents 
from  4,200  to  4,800  candle-feet  of  30-candle-power  gas,  according 
to  the  quality  of  the  naphtha,  and  the  skill  used  in  the  process  of 
gasifying  it.  This  amount  of  naphtha  would  be  credited  with 
300  cubic  feet  out  of  every  1,000  cubic  feet  of  commercial  gas 
made,  of  30-candle-power,  and  represents  approximately  16  cents 
per  1,000  cubic  feet  of  commercial  30-candle-power  gas.  It  will 
require  300  cubic  feet  of  90-candle-power  acetylene  gas,  to  be 
mixed  with  the  same  quality  of  blue  gas  that  the  oil  gas  was 
mixed  with,  to  produce  the  same  30-candle-power  light.  This 
would  call  for  the  carbide  to  cost  about  $5  per  short  ton  to 
equal  the  oil  enricher  in  cost.  If  the  price  at  which  the  gas  can 
be  made  and  put  into  holders  reaches  30  cents  per  1,000  cubic 
feet,  it  will  compete  then  with  any  of  our  heat-gas  processes  of 
the  day,  as  very  few,  if  any,  of  our  largest  gas  companies  succeed 
to-day  in  putting  gas  into  a  holder  at  less  than  about  40  cents 
t )  the  1,000  cubic  feet,  actual  cost  of  labor,  material,  and  re- 
pairs. 

J/r.  Durfie, — It  would  appear  that  this  invention  has  brought 
us  to  the  time  when  any  one  can  readily  set  the  river  on  fire. 

Mr.  GHUh. — It  miglit  be  interesting  to  know  that  some  gentle- 
men came  into  our  works  and  brought  some  material  which  is 
very  similar  to  this.  They  came  up  from  North  Carolina,  and 
they  said  they  had  large  beds  of  it  down  there,  and  they  had 
really  discovered  the  river  on  fire  in  some  locations.  I  do  not 
say  that  it  is  this  material,  but  it  is  something  similar.  Tbey 
called  it  calcium  phosphide. 

Mr.  ]V(;o(l. — I  presume  it  is  the  same  material  as  this  I  pre- 
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sent,  which  was  made  at  Leakesville,  North  Carolina.  It  probably 
came  from  the  same  concern,  as  it  hydrates  and  burns  like  it. 
It  is  a  calcium  carbide,  instead  of  a  calcium  phosphate.  There 
is  no  phosphorus  in  the  material  from  which  the  carbide  is 
made,  and  if  there  Avas,  it  would  probably  be  eliminated  during 
the  process  of  fusion  of  the  calcium,  the  same  as  in  the  basic 
process  of  making  steel.  The  coke  used  for  making  the  car- 
bide contains  some  sulphur,  but  no  sulphurous  compounds  are 
found  in  the  acetylene  gas.  The  high  heat  of  the  furnace, 
the  presence  of  the  calcium  and  silica  in  the  fire-brick  lining 
of  the  furnace,  all  combined,  dissipate  the  sulphur  by  volatili- 
zation, or  flux  it  out  of  the  bath.  I  would  state  this  is  not 
my  invention.  It  is  the  invention,  or,  rather,  the  stumbled- 
on  discovery  of  Mr.  Louis  C.  Wilson,  formerly  of  Leakesville, 
North  Carolina,  who  was  at  the  head  of  an  electric  plant  there 
manufacturing  carbon  filaments.  They  found  in  their  experi- 
ments large  quantities  of  this  material  It  was  thrown  away, 
until  somebody  stumbled  on  the  point  of  hydrating  it,  when 
the  evolution  of  gas  was  discovered.  The  process  is  in  the 
course  of  being  patented.  Sir  Humphry  Davy  experimented 
with  it  in  the  twenties,  and  produced  it  by  the  action  of  zinc 
fused  with  charcoal,  with  Bunsen  batteries  of  about  two  to 
three  hundred  elements.  It  has  been  known  in  chemistry  a  long 
time,  and  has  been  used  to  a  greater  or  less  extent  by  chemists 
in  the  preparation  of  pure  acetylene  gas.  It  is  not  absolutely 
pure  when  made  with  zinc  ;  it  contains  about  2  per  cent,  of  free 
hydrogen ;  but  when  made  from  the  calcium,  or  barium,  com- 
pounds it  is  said  to  be  almost  absolutely  pure.  These  specimens 
contain  no  known  percentage  of  hydrogen,  though  the  presence 
of  ammonia,  NH,,  would  indicate  the  presence  of  some  free 
hydrogen,  that,  uniting  with  the  nitrogen  set  free  by  the  com- 
bustion of  the  air  present  in  the  open  furnace,  and  the  presence 
of  the  high  heat  from  the  electric  arc  and  fused  calcium,  would 
furnish  all  the  conditions  necessary  for  the  production  of  the 

NH3. 

Mr.  Darfee. — One  very  important  possibility,  it  struck  me,  in 
connection  with  this  new  invention,  is  its  use  in  naval  warfare. 
A  few  hundred  shells  exploded  in  the  vicinity  of  an  enemy's 
vessel,  and  ignited  by  the  blast  of  his  own  guns,  could  be  very 
likely  to  make  it  exceedingly  uncomfortable,  I  should  say. 
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The  XXXIst  meeting  of  the  American  Society  of  Mechanical 
Engineers  was  convened  in  the  city  of  Detroit,  Mich.,  on  Tuesday, 
June  25,  1895.  The  hospitable  intentions  of  the  members  resi- 
dent in  Detroit,  and  of  the  citizens  whom  they  had  grouped  around 
them,  began  in  advance  of  the  first  professional  session  with  au 
invitation  to  be  their  guests  upon  a  drive  to  Belle  Isle  Park,  which 
is  located  in  the  Detroit  Eiver.     Tickets  were  supplied  to  the  vis- 
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itiiif^  members  for  the  ferry-boat  which  conveyed  them  to  the- 
ishiiid  landiug,  and  at  that  point  carriages  provided  by  the  local 
committee  were  in  waiting,  to  convey  the  party  in  a  most  enjoy- 
able tour  through  the  driveways  of  the  park.  Eeturning  over  the 
bridge  which  connects  the  island  with  the  city,  the  carriages  tra- 
versed interesting  parts  of  the  city  and  returned  to  the  hotel. 
The  hotel  headquarters  were  in  Room  1  of  the  Russell  House,  on 
the  main  floor,  and  the  business  sessions  were  held  in  the  hall  of 
the  Young  Men's  Christian  Association,  on  the  corner  of  Giiswold 
Street  and  Grand  River  Avenue. 

Opening  Session.     Tuesday,  June  25. 

President  E.  F.  C.  Davis  called  the  first  session  to  order  at 
S.30  P.M.  for  professional  papers.  The  three  that  were  read  and 
discussed  were  those  by  Messrs.  Robert  Allison,  entitled  "The 
Old  and  the  New ; "  A.  M.  Goodale,  entitled  "  A  New  Form  of 
Sterilizer  ;''  and  W.  H.  Francis,  entitled  "  A  Portable  Disinfecting 
Plant."  The  former  received  discussion  by  Messrs.  Rockwood^ 
Hvlloway,  Kent,  Jones,  and  Warner. 

Topical  discussions  were  then  elicited  on  the  question  of  the 
relative  merits  of  the  milling  machine  and  the  planer,  and  upon 
the  question  of  the  best  method  of  separating  finely  divided  metal 
particles  in  an  oil. 

At  the  close  of  the  session  an  adjournment  was  had  to  a  most 
enjoyable  reception,  with  collation  in  the  lecture-room  adjoining, 
at  wliich  an  opportunity  was  given  for  the  guests  and  their  ladies^ 
to  meet  their  hosts. 

Second  Session.     Wednesday,  June  26. 

The  business  session  of  the  convention  was  convened  at  10  A.M. 
The  register  in  headquarters  showed  the  following  members  ia 
attendance : 

Allison.  Roh't.  Bates,  A.  H.,  Brashear,  Jno.  A., 

Angus.  Kol/t,  Haugh,  S.  A.,  Bray,  C.  W., 

Aiierbury.  W    \v  Heck,  M.  A.,  Brill,  Geo.  M., 

Bang,  H.  A..  Bement,  C.  E.,  Bryan,  Wm.  H., 

Bam*^.  I).  I.  .  Bierhaum,  C.  H.,  Bulkley,  H.  W., 

Barrua,  (jeo.  H.,  Blacklmrn,  A.  H.,  liull,  Storm, 

Bauer,  C.  A.,  li<>le.  W.  A.,  Buchanan,  A.  W., 

Ba«ford,  Oeo.  M  Bonner,  W.  T..  Burns.  A.  L., 
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<:'alder,  C.  B., 
•Carpenter,  R.  C, 
Cheney,  W,  L. , 
Chamberlain,  P.  M., 
Cole,  J.  W., 
Conrader,  R. , 
Conklin,  M.  J., 
Cooley,  M.  E., 
Church,  E.  D., 
Conant,  Wm.  S. , 
Cooper,  H.  R. . 
Davis,  E.  F.  C.  {Pres.), 
Dodds,  Elihu, 
Ewer,  R.  Gr.. 
Farmer,  Thos., 
Fawcett,  Ezra, 
Foster,  E.  H., 
Frith,  A.  J., 
Ceer,  Jas.  H., 
Giddings.  C.  M., 
Gobeille.  Jos.  L., 
Goss,  \V.  F.  M., 
Gowing,  E.  H., 
Haberlin.  H., 
Hartness,  Jas., 
Henning,  G.  C, 
Herman.  Ludwig, 
Hill.  \\.  E., 
Hindi  man,  T.  H., 
Hodge,  H.  S.. 
Hodges,  F.  W.. 
Hollowav,  J.  F., 
Hoi  man,  M.  L.. 
Howaid,  Geo.  E., 
Hunt,  ('.  W.. 
Hunt,  R.  W., 


Hunting,  A.  A., 
Hutton,  F.  R.  {Sec), 
Jacobus,  D.  S., 
Johnson.  J.  B., 
Jones,  Washington, 
Keep,  W.  J., 
Kempsmith,  Frank, 
Kent,  Wm., 
King,  C.  C, 
Kirby,  F.  E., 
Kircbhoff,  Chas., 
Kuhn,  Jos., 
Laforge,  F.  H. , 
Laird,  J.  A., 
Lane,  H.  M., 
Lavery,  Geo.  L., 
Loring,  C.  H., 
Low,  F.  R., 
Magruder,  W.  T., 
Maho.i,  W.  L'E., 
Marshall,  W.  H., 
Mattsson,  A,  G., 
Meier,  E.  D., 
Mesta,  Geo., 
Miller,  F.  J., 
Miller,  Walter, 
Mix,  M.  W., 
Moore,  E.  L., 
Meyer,  H.  C, 
Norton,  C.  H., 
Park.  Wm.  R., 
Parks,  E.  H., 
Paul,  J.  W., 
Pendry,  W.  A., 
Piatt,  Jos.  C, 
Porter,  H.  F.  J.. 


Prosser,  Jos.  G., 
Rearick,  C.  B., 
Roberts,  T.  H., 
Rock  wood,  Geo.  L, 
Rogers,  W.  S., 
Royse,  Dan'l, 
Rumely,  W.  N., 
Russel,  W.  S., 
Stewart,  R.  J., 
Steele.  W.  D., 
Shankland.  E.  C, 
Smith.  Jesse  M., 
Sorge,  A., 
Souther,  Henry, 
Stanwood,  J.  B., 
Stiles,  N.  C, 
Stratton,  W.  H., 
Swasey,  A., 
Sweet,  Jno.  E., 
Stearns,  Albert, 
Stetson,  Geo.  R., 
Taylor,  F.  W., 
Trautwein,  A.  P., 
Varney.  W.  W., 
Warren.  B.  H., 
Warner,  W.  R., 
Wheeler,  Seth, 
^Vhiting,  C.  W., 
Whitlock,  R.  H., 
Whitney.  E.  H., 
Woodbury,  C.  J.  H., 
Wyman,  H.  W., 
Willis,  E.  J., 
Whitaker,  H.  E., 
Weil,  Chas.  L., 
Weber.  O.  L. 


There  were  also  many  guests  and  ladies  present  through  the 
meeting. 

The  first  business  was  the  report  of  the  tellers,  to  count  and 
scrutinize  the  ballots  cast  for  members.  Their  report  was  as 
follows  : 

The  undersigned  were  appointed  a  committee  of  the  Council,  to 
■act  as  Tellers  (under  Rule  13),  to  scrutinize  and  count  the  ballots 
•cast  for  and  against  the  candidates  proposed  for  membership  in 
the  American  Society  of  Mechanical  Engineers,  and  seeking  elec- 
tion before  the  Thirty -first  Meeting,  Detroit,  1895. 
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Thoy  have  met  upon  the  designated  day,  in  the  office  of  the 
Society,  and  have  proceeded  to  discharge  then*  duty.  They  would 
certifv,  for  formal  insertion  in  the  records  of  the  Society,  to  the 
election  in  due  form  of  the  persons  whose  names  appear  on  the 
appended  list,  to  their  respective  grades. 

There  were  ^76  votes  cast,  of  which  17  were  thrown  out  be- 
cause of  informalities  (the  members  voting  having  neglected  to 
indorse  the  sealed  envelope  with  their  personal  signature). 

John  Thomson, 


F.  H.  Ball, 


Tellers  of  Electioii, 


I^ttendorf,  Wm.  P., 
RoeiTier.  Emile  C, 
(alder,  C.  B., 
Dow,  Alex., 
Hardy.  Geo.  Fiske. 
Hardy,  (teo.  R.. 
Hodges.  Fredk.  \N  . . 
Horton.  John  Theodore. 
Hunt.  Andrew  M., 
Kelly,  Jus.  R.  F., 


Blood.  John  H.. 
Fairbanks.  Robert  Noyes, 
Farrand,  Dudley, 
(iubelman.  Fred.  J., 


Elected  as  Members. 

Le  Fevre,  Peter  E., 
Lindsay,  Wm.  Edward, 
McElroy.  Jos.  A., 
McKay,  John  Edwards. 
McMillin,  Emerson, 
Mathews,  Wm.  Edwin, 
Mead,  Frank  Seabury. 
Mossber*^,  Frank. 
Robeson,  Anthony  Maurice. 
Schmidt,  Chas.  R., 

Elected  as  Associates. 

Hedenberg.  Wm.  L. , 
Kretschmer,  F.  G., 
I^othrop.  Geo.  H.. 
Xewhall,  John  B., 


Sergeant,  Chas.  H., 
Serrell,  John  A., 
Shankland.  Edw.  Clapp, 
Stillman,  Howard, 
Valentine,  Daniel, 
Wagner,  Frank  C, 
Wellman,  Chas.  H., 
Weil,  Chas.  Lewis, 
Whinery,  Samuel. 


Newton,  Chas.  E., 
Robinson,  Cyrus, 
Uhienhaut,  Fritz,  Jr., 
Willis,  Edward  Jones. 


Cooper,  Henry  R. 


Phomotion  to  Full  Membership. 

Glenn,  H.  F.,  Magoun,  Henry  A. 

Ridgley,   Wni.  Barret. 


Pkomotio.n  to  Associate  Mesibership. 
Ackemian.  Wm.  S..  Anderson,  Fredk.  Paul.       Church,  E.  D.,  Jr., 

Prather,  Henry  B. 


P'lkcted  as  Juniors. 
Boiiraem.  J.  Francis,  Hepburn.  Fredlc, 

Brown,  Frank  G..  Jr..  Hinchn)an,  Tiieo.  H.,  Jr. 

Collet,  Geo.  VVetmore.  Jr. .Howard,  George  Edwin, 


<^'"(.ant.  \Vn».  S.. 
('..tiier.  Josepli  G.  (■.. 
Crain.  L.  D 
KfillowH,  (»»'f).  Ib-rbert, 
Ciray.  John  Wilson, 
Gregory,  Wra.  H., 


Katie.  Kdwin  Britton, 
King,  John  H., 
Maedonald,  Jas.  Victor 
Paul,  John  Wallace, 
Perry,  Jolin  Cranston, 
Perry,  Samuel   B., 
Rice,  Arthur  L., 


Ross,  Taylor  Wm., 
Sanborn,  Francis  Noel. 
Sanderson,  Ed.  Spaulding, 
Sliellenl)erger,  Louis  Ray., 
Stafford,  Benj.  p]d.De  Witt. 
Towne,  Fredk.  Tallmadge, 
Treat,  Chas.  Henry, 
Weber,  Otto  L.  E., 
Young,  William  S. 
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A  committee  had  been  appointed  by  tlie  Council  to  cooperate 
with  re])i'esentatives  of  the  Architectural  League  of  New  York, 
and  the  Underwriters  represented  bj  the  Tariff  Association  of 
New  York,  to  investigate  and  test  methods  of  fireproofing  struc- 
tural metals  in  buildings,  and  to  obtain  data  for  standard  specifi- 
cations. This  committee  consists,  for  this  Society,  of  Messrs.  H. 
de  B.  Parsons  and  Thos.  F.  Rowland,  Jr.  Their  report  of  prog- 
ress was  as  follows  : 

Your  Committee  on  Fireproofing  Tests  begs  leave  to  report 
progress.  This  committee  was  formed  for  making  tests  of  fire- 
proofing materials  now  in  the  market,  and  to  obtain,  if  possible, 
data  relating  to  such  materials  as  would  be  a  help  to  engineers 
and  architects  in  designing  and  constructing  fireproof  buildings. 
The  plan  of  the  committee  is  to  construct  a  furnace  in  imitation 
of  a  room,  the  Avails  being  built  of  different  classes  of  material, 
such  as  are  used  in  partitions  and  exterior  walls,  the  roof  to  imi- 
tate a  fireproof  ceiling,  supported  by  a  column  of  the  usual  con- 
structions. This  ceiling  and  column  will  be  loaded  by  dead 
weights  and  a  hydraulic  press.  When  ready,  this  chamber  will 
be  heated  as  near  as  possible  to  the  conditions  in  an  actual  fire, 
only  maximum  effects  being  considered. 

The  iron  column  or  steel  in  column  and  roof  beams  will  be  pro- 
tected by  different  fireproofing  materials,  and  the  effect  of  the 
fire  will  be  noted  in  each  case. 

Your  committee  is  associated  with  a  committee  representing  the 
Fire  Underwriters'  Association  of  this  city,  and  also  a  committee 
representing  the  Architectural  League  of  New  York.  Both  these 
associations  have  guaranteed  a  certain  sum  of  money  each,  and 
the  architects  throughout  the  country  are  being  requested  to  sub- 
scribe. 

When  sufficient  money  has  been  raised,  the  tests  will  be  under- 
taken and  carried  out  as  rapidly  and  as  uniformly  as  circumstances 
will  permit.  It  is  hoped  that  the  fireproofing  materials  to  be  tested 
will  be  furnished  free  by  the  manufacturers,  and  that  the  manufac- 
turers of  stiiictural  metals  will  sup])ly  the  necessary  columns  and 
beams.  One  of  the  lal)or  schools  in  Brooklyn  has  kindly  ofi'ered 
the  services  of  its  students  for  the  labor  of  erection  of  the  furnace. 
The  Continental  Iron  Works  of  Brooklyn  has  kindly  given  the 
use  of  the  necessary  ground,  and  also  kindly  arranged  to  allow 
the  committee  to  use  its  gas  for  the  generation  of  heat. 
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Your  committee  requests  that  if  any  of  the  members  of  the  Amer- 
ican Society  of  Mechanical  Engineers  is  especially  interested  in 
this  work,  that  he  will  furnish  any  information  that  he  may  have 
on  the  subject,  and  if  any  member  wishes  some  particular  test 
made,  your  committee  will  be  much  pleased  to  be  placed,  in  com- 
munication with  him. 

Yours  respectfully, 

H.  DE  B.  Parsons,  )  ^ 

IHOS.  F.  KOWLAND,  Jr.,  \ 

Mr.  G.  C.  Ilenning,  Secretary  and  Reporter  for  the  Society's 
Committee  on  Standard  Methods  of  Tests  and  Testing  Material, 
]n-esented  a  report  of  progress  as  follows  : 

Mr.  G}istav7i.'i  C.  Helming. — Tliere  is  one  paper  presented  which 
is  the  historical  part  of  the  work  done  by  the  committee  so  far. 
The  committee  has  not  had  an  opportunity  to  meet  and  consult 
in  regard  to  the  results,  for  the  reason  that  the  results  of  strength 
and  resistance  have  not  yet  been  completed  and  tabulated.  On 
the  other  hand,  Mr.  Keep  has  presented  two  monographs ;  one  is 
based  on  the  breaking  strength  of  cast  iron,  without  reference  to 
the  size  of  the  bars ;  and  the  other  is  a  new  line  of  investigation, 
refeiTJng  to  tlie  expansion  and  shrinkage  of  bars  of  metal  under 
tlie  cooling  efl'ect  in  the  mould  and  in  the  air.  These  two  papers 
Mr.  Keep  will  present  in  person.  The  papers  are  presented  now 
in  a  preliminary  form,  with  the  idea  of  having  plenty  of  opportu- 
nity to  discuss  them  by  December,  at  our  annual  meeting.  This 
will  ])ut  the  matter  before  tlie  Society  in  such  a  Avay  that  the 
members  can  undertake  individual  investigation  and  understand 
and  correal )orate  the  work  that  has  been  done.  But  the  com- 
mittee itself  has  not  taken  any  action  on  this  work.  There  is  no 
need  (if  re.'iding  that  paper  on  the  historical  part  of  the  test, 
because  you  will  all  see  what  it  is — it  is  simply  a  foundation  for 
the  work  that  the  committ(;e  is  doing;  and  as  you  read  the 
results  you  will  refer  hack  to  this  to  know  how  the  tests  were 
made,  in  order  that  you  may  either  duplicate  the  tests  or  find  out 
wlif'ther  there  is  any  criticism  proper  with  reference  to  how  the 
material  was  obtained  for  the  tests.  That  is  all  that  the  com- 
mittee has  to  report  ;it  ])resent. 

This  report,  in  full,  will  be  found  as  a  paper  of  this  convention, 
and  the  two  monographs  by  ^\v.  Kee[),  ''  Transverse  Tests  of  Cast 
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Iron "   and  "  Keep's  Cooling   Curves,"    are   presented    as  inde- 
pendent papers.  T^ith  appended  discussions  in  the  sequel. 

At  the  close  of  the  debate  on  the  papers  of  Mr.  Keep  the  sec- 
retary presented,  in  the  name  of  the  Society's  committee  which 
was  to  consider  and  report  concerning  a  standard  gauge  for  thick- 
nesses of  metal,  the  following  report : 

REPORT    OF    COMMITTEE. 

The  Society's  Committee  on  Standard  Thickness  Gauge  for 
Metals  was  appointed  in  the  autumn  of  1892,  has  had  the  subject 
under  earnest  consideration,  and  has  reported  progress  both  in 
1893  and  in  1894. 

It  has  aimed,  in  furthering  the  work  committed  to  it,  to  secure 
the  cooperation  of  the  other  societies  of  America,  and  the  pos- 
sibility of  an  international  system  has  received  earnest  attention. 
The  committee  has  met  in  joint  session  as  a  joint  committee  with 
the  representatives  of  the  American  Railway  Master  Mechanics' 
Association,  and  committees  of  cooperation  have  been  appointed 
by  the  Canadian  Society  of  Civil  Engineers,  the  Enijineers'  Club 
of  Pliiladelphia,  the  Civil  Engineers'  Society  of  St.  Paul,  and 
the  Engineers'  Club  of  St.  Louis,  and  the  joint  recommendation 
of  this  committee  and  the  committee  of  the  American  Railway 
Master  Mechanics'  Association  has  received  cordial  and  apprecia- 
tive support. 

The  committee  therefore  report  the  success  of  their  efforts  to 
bring  into  acceptance  the  use  of  a  gauge  whose  number  for  each 
thickness  is  the  number  of  thousandths  of  a  standard  inch  in 
that  thickness. 

Where  a  notched  gauge  is  used  the  suggested  standard  form  is 
an  oval  gauge,  stamped  with  the  words  Decimal  Gauge,  and  the 
committee  further  recommends  the  abandonment  and  disuse  of  the 
various  other  gauges  now  in  use,  as  tending  to  confusion  and  error. 

The  committee  therefore  recommends  that  the  members  of  the 
American  Society  of  Mechanical  Engineers  be  advised  to  use  and 
recommend  to  others  the  Decimal  Gauge,  in  which  the  thickness 
of  dimension  shall  be  given  in  thousandths  of  an  inch,  and 
present  the  following  resolution  : 

Resolved,  That  the  report  of  the  committee  of  the  American  Society  of  Me- 
chanical Encrineers  be  accepted,  whicii  favors  the  use  of  a  Decimal  Gauge  for  thick- 
ness of  metals.  1  he  number  denoting'  the  thickness  to  be  the  dimension  of  the 
notch  in  thousandths  of  an  inch. 
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Mr.  Win.  Kiut. — I  would  like  to  ask  whether  the  committee- 
liave  oousitlered  the  question  of  adding  to  their  report  a  recom- 
meudation  with  respect  to  the  law  passed  by  Congress  about  twa 
years  ago  to  establish  a  standard  gauge  for  boiler  metal.  I  know 
that  the  manufacturers  of  the  United  States  are  doing  the  best 
they  can  to  facilitate  the  use  of  that  gauge,  and  in  our  headquar- 
ters in  Detroit  are  some  circidars  to  that  effect.  I  think  that 
the  committee  might  take  stej^s  to  urge  the  repeal  of  that  law. 
It  is  such  a  yery  bad  law  that  I  think  it  ought  to  be  repealed. 
1  am  heartily  in  favor  of  the  recommendation  of  the  committee. 

Mr.  K.  U.  Meier. — I  think  that  that  law  is  so  ridiculous  that  it 
does  not  require  repeal. 

2'he  Presiih'iif. — T  agree  with  you.  I  would  call  attention  to  the 
careful  wording  of  the  report,  in  accordance  with  the  Society's 
precedents  in  these  matters,  that  the  resolution  does  not  recom- 
mend the  adoption  by  the  Society  of  the  Decimal  Gauge,  but 
simply  proposes  that  the  Society  accept  the  re])ort  of  its  com- 
mittee. The  gauge  thus  receiyes  the  weight  which  its  careful 
consideration  by  an  expert  committee  has  giyen  to  it,  but  the 
Society  as  a  whole  does  not  make  itself  responsible  by  adopting  a 
gauge. 

Mr.  ('lids.  If.  Xorton. — May  I  not  ask  if  the  recommendation 
does  not  mean  this — that  we  measure  by  thousandths  of  an  inch 
instead  of  by  inches  ;  simply  have  a  piece  of  steel  with  notches 
cut  in  it,  supposed  to  be  so  many  thousandths  of  an  inch  ?  Is  not 
that  it  ? 

Tlir  President. — Yes,  sir ;  instead  of  the  arbitrary  gauge  which 
means  nothing. 

Mr.  C/niM.  If.  Norfrnu — What  objection  is  there  to  our  recom- 
mendiug  people  to  measure  by  something  which  tliey  can  see  and 
understand,  instead  of  by  a  gauge  which  has  a  number  in  it  which 
does  not  mean  anything  particularly  ? 

Mr.  hfir'nl  /..  llnriu'^. — It  seems  to  me  that  our  object  should 
be  to  bring  this  Decimal  Gangc,  which  will  be  taken  as  a 
Htandard  of  tlie  association,  before  all  the  members.  It  never 
can  he  done  at  an  open  meeting  such  as  this.  It  only  can  be 
done  by  letter  ballot.  That  is  tlie  experience  of  the  railroad 
artsociations :  and  I  would  like  to  make  an  amendment  to  the 
re«ohition,  that  tliis  matter  be  submitted  by  letter  ballot  as  to  all 
the  memberH,  establishing  a  precedent  that  may  be  taken  as  a. 
standard  for  this  associati(jii  in  snch  (piesti(ms. 
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The  Secretary. — I  would  like  to  take  the  floor  in  opposition  to 
Mr.  Barnes's  motion.  I  think  it  is  very  undesirable  that  we  should 
go  back  on  the  Society's  precedents  in  the  matter  of  action  upon 
proposed  standards  to  which  reference  has  been  so  clearly  made. 
We  do  not  want  to  ])ut  ourselves  on  record  as  adopting  anything" 
in  the  way  of  a  standard,  because  we  have  run  foul  already  of  the 
approval  which  we  gave  by  implication  some  years  ago  to  a  stand- 
ard in  the  matter  of  testing  boilers,  and  we  propose  to  revise  it  at 
this  very  meeting,  perhaps.  I  think  that  the  best  thing  we  can  do 
is  to  say  that  the  energy  and  capacity  of  a  very  strong  committee 
of  the  Society  has  been  directed  towards  the  favoring  of  the  Deci- 
mal Gauge,  and  that  we  accept  the  report  of  this  capable  commit- 
tee, and  that  is "  as  far  as  we  go.  The  information  which  the 
Society  has  had  from  its  committee  is  already  full  and  ample, 
because  there  was  circulated,  just  after  the  New  York  meeting, 
when  our  committee  reported,  a  preliminary  report  of  progress,  in 
which  the  intention  of  the  committee  was  stated.  Action  has  only 
been  deferred  so  long  as  it  has  in  order  to  secure  concurrent  action 
of  other  societies.  That  action  has  been  taken  by  the  other  soci- 
eties, and  all  that  remains  for  us  to  do  now  is  simply  to  adopt  the 
report  of  the  committee  and  let  it  be  printed.  All  that  we  will  do, 
in  accepting  the  re})ort,  is  not  to  disapprove  the  recommendation 
of  the  committee,  and  it  does  not  seem  to  me  that  a  letter  ballot 
would  be  advisable  or  necessary.  Consequently  I  (jp[)ose  Mr. 
Barnes's  moti(,>n  on  tluit  ground. 

J/y.  HennirKi. — I  most  heartilv  indorse  what  Professor  Hutton 
has  said  in  regard  to  this  matter.  We  do  not  recommend  any 
standards.  The  procedure  of  the  Society  opposes  such  action. 
It  simply  accepts  the  reports  of  committees  which  are  specialists 
in  their  line,  who  do  the  best  they  can,  and  announce  to  us  what 
they  think  is  the  best  that  can  be  done.  Xow,  if  we  do  any  more 
than  accept  this  report,  if  Ave  issue  a  letter  ballot,  then  immedi- 
ately every  one  else  will  say  the  Society  at  laige  has  accepted  that 
report.  They  Avill  make  no  distinction,  any  more  than  they  make 
the  actual  distinction  now  in  regard  to  the  boiler  trials  re[)oit. 
Every  one  says  that  is  the  Mechanical  Engineers'  standard.  We 
have  never  adopted  that  method  for  making  tests;  our  constitu- 
tion forbids  such  a  thing.  If  we  merely  accept  the  reports  of 
committees,  they  go  on  the  records,  and  if  at  any  future  time 
something  comes  u[)  which  requires  further  discussion,  we  can 
take  it  up  at  any  meeting.     Tli(3se  interested  will  bring  it  up  for 
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discussion.  To  issue  a  letter  ballot  is  practically  to  bind  the  asso- 
ciation as  a  whole  to  the  adoption  of  a  standard. 

^f>■.  Barnes. — With  the  permission  of  the  gentleman  who  sec- 
onded mv  amendment,  I  will  withdraw  that  motion,  it  having  been 
made  under  a  misunderstanding.  I  supposed  it  was  intended  that 
the  gauge  should  be  a  standard  or  recommended  practice  of  this 
Society,  and  to  be  adopted  as  such. 

J//'.  HoUoicay. — I  would  move  that  the  report  of  this  committee 
be  accepted  by  the  Society  and  placed  on  file,  and  published  in 
the  volume  of  Transactions. 

Jfr.  Kent. — I  second  that  motion. 

The  motion  was  carried. 

At  the  close  of  the  stated  business,  Mr.  E.  D.  Meier  presented, 
in  the  name  of  the  members  of  the  Society  resident  in  the  city  of 
St.  Louis,  Mo.,  an  invitation  that  the  spring  meeting  of  1896 
should  be  held  in  that  city.  The  remarks  on  this  subject  were  as 
follows  : 

^fi\  E.  I).  J^Feier. — The  St.  Louis  members  of  the  American 
Society  of  Mechanical  Engineers  desire  to  invite  the  Society  to 
hold  its  next  year's  spring  convention  in  St.  Louis.  We  are  reen- 
forced  in  this  by  two  representative  bodies  of  our  city.  The 
Manufacturers'  Association  and  the  Business  Men's  League  have 
both  authorized  me  to  extend  a  hearty  welcome  to  the  Society  to 
meet  at  St.  Louis.  I  assure  you  that  we  will  give  you  a  hearty 
welcome,  and  make  your  stay  a  pleasant  and  agreeable  one. 

Mr.  M.  L.  IlnluKm. — I  desire  to  present,  further,  in  the  same 
connection,  the  official  invitation  of  the  St.  Louis  Engineers'  Club 
bearing  on  this  point.  We  have,  in  St.  Louis,  some  interesting 
things  in  the  way  of  street-car  facilities,  electric  lighting  on  a 
large  scale,  and  some  very  large  manufacturing  plants. 

Tlie  invitation  from  the  Engineers'  Club  of  St.  Louis  is  as 
follows  : 

June   24,  1895. 
To  THK  Amkrk  AN  SodKTV  OF  Mkchantcal  Enginekrs,  Dkthoit,  Mich. : 

GeiitUtMu  :  In  selecting?  a  meetinp^-placn  for  the  convention  which  will  be 
hehl  in  tin-  sprinir  of  1890,  we  trust  that  the  claims  of  St.  l^ouis  will  receive  fav- 
orabW-  consideration.  We  heartily  indorse  the  invitation  which  is  to  be  extended 
hy  the  St.  LoiiiH  local  menibert^hip.  Tlie  Engineers'  CMub  of  St.  Louis  will  join 
them  in  endeavoring  to  make  your  htay  here  l)oth  ])leasant  and  profitable. 

Keh]»ectfully, 

En(;inJ':ki!r'  Cluii  of  St.  Louis, 

By  S.  Bj;nt  Hussell,  President. 
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After  the  applause  had  subsided  with  which  these  remarks 
were  received, 

J//'.  Jos.  C.  Piatt. — I  move,  as  the  sense  of  this  meeting,  that 
this  invitation  be  accepted,  and  that  the  matter  be  referred  to  the 
Council,  with  power  to  make  this  arrangement. 

Mr.  Holloway. — With  the  hearty  seconding  of  those  present, 
and  with  the  certainty  that  we  shall  haye  a  warm  reception  in  St. 
Louis. 

The  motion  was  carried. 

The  President. — Under  Article  31  of  the  constitution  it  be- 
comes the  duty  of  the  president  at  this  meeting  to  appoint  a 
nominating  committee  of  five  members,  to  nominate  one  president, 
three  vice-presidents,  three  managers,  and  one  treasurer  for  the 
next  annual  meeting,  I  appoint  on  that  committee  Messrs. 
Charles  H.  Loring  of  New  York,  C.  J.  H.  Woodbury  of  Boston, 
Robert  Allison  of  Port  Carbon,  Pa.,  W.  J.  Keep  of  Detroit,  Mich., 
and  Joseph  Leon  Gobeille  of  Cleveland,  Ohio. 

No  other  general  business  being  presented,  the  professional 
papers  were  then  taken  up,  the  first  one  being  that  of  Mr.  F.  W. 
Dean  of  Boston,  entitled  "  The  Efficiency  of  Boilers."  Mr.  Dean's 
paper  concluded  by  moving  the  following  resolution  as  amended : 

Resolved,  That  the  Council  of  the  American  Society  of  Mechanical  Engineers 
be  requested  to  appoint  a  committee  of  nine  members  of  the  Society  to  consider 
the  standard  (of  1886)  method  for  conducting  steam  boiler  trials,  reported  to  the 
Society  by  a  committee  at  that  time,  and  if,  in  the  judgment  of  that  committee, 
a  revision  of  that  standard  would  be  desirable,  that  such  committee  report  its 
recommendations  to  the  Society. 

This  motion  being  duly  seconded  and  put,  was  carried,  and  the 
Council,  at  a  session  during  the  convention,  appointed  as  such 
committee  Messrs.  Barrus,  Coon,  Dean,  Emery,  Hunt,  Kent,  Por- 
ter, Potter,  and  Thurston.  The  discussions  on  Mr.  Dean's  paper 
which  led  to  this  action  will  be  found  appended  to  that  paper. 

The  session  then  adjourned  for  a  luncheon,  tendered  by  the  Com- 
mittee of  Arrangements,  on  the  roof  garden  which  is  a  feature  of 
the  Chamber  of  Commerce  building  of  Detroit.  Between  the 
hours  of  1  and  2.30  the  lunch  room  was  reserved  exclusively  for 
the  use  of  members  and  guests,  and  the  fine  breeze  and  the  out- 
look over  the  city  were  much  appreciated. 
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.     Third  Session.     Wednesday  Afternoon,  June  26. 

Eeassembliiig  at  3  r.M.  in  the  convention  hall,  the  following 
papers  were  taken  up  and  discussed : 

Bv  Prof.  De  Yolson  Wood,  on  the  "  Strength  of  Iron  as  Affected 
bv  Tensile  Stress  while  Hot,"  and  by  Prof.  K.  C.  Carpenter,  on 
the  ''  Effect  of  Length  of  Specimen  on  the  Percentage  of  Duc- 
tility," discussed  by  Messrs.  Henning  and  Carpenter. 

Mr.  W.  A.  Gabriel's  paper  was  entitled  "  A  T-square  and  its 
Mountings." 

Messrs.  Thurston,  Henning,  and  Sweet  discussed  Prof.  R.  C. 
Carpenter's  paper  on  "  Force  Required  and  Work  Performed  in 
Driving  and  Pulling  out  Wire  Nails,"  and  Messrs.  Jacobus,  Hen- 
ning, and  Kent  discussed  his  paper  on  a  "  Coal  Calorimeter." 

Professor  Goss's  paper  on  "  Xew  Forms  of  Friction  Brakes  " 
was  discussed  by  Messrs.  E-ockwood,  Jacobus,  Whitney,  Angus, 
Henning,  and  Willis. 

Mr.  Willis's  paper  on  a  "Horse-power  Planimeter"  was  dis- 
cussed by  Messrs.  Kent,  Bierbaum,  and  Jacobus. 

The  concluding  paper  of  the  session  was  that  by  Prof.  D.  S. 
Jacobus,  on  "Tests  to  show  the  Distribution  of  Moisture  in 
Steam  wlien  flowing  in  a  Horizontal  Pipe ; "  discussed  by  Messrs. 
Meier,  Carpenter,  Kent,  Royse,  Willis,  and  Barnes. 

Arrangements  had  been  made  by  the  fire  department  to  ex- 
liibit  to  the  engineers  a  feature  of  the  fire  system  of  Detroit, 
whereby  large  mains  from  the  river  front  can  connect  a  series  of 
fire  hydrants  directly  to  the  pumps  of  a  powerful  fire-boat.  At 
tlie  Park  Circus,  at  5  o'clock,  a  public  exhibition  was  most  suc- 
cessfully made  in  honor  of  the  visitors.  The  events  were  as  fol- 
lows : 

(1»  Six  li-inch  streams  from  one  hydrant.  100  feet  of  hose  to  eacli.  This  is 
arromplisliptl  hy  means  of  a  spreader  on  eacli   hydrant  opening,  through  2i-inch 

(2)  Thre*^  U-incli  streams  of  100  feet  each,  through  3-inc.h  liose. 

(8)  Two  li-inch  streams  of  100  feet  each,  tlirougli  3-inch  liose. 

(4)  Two  2-irirli  htreums  of  100  feet  each,  through  3-inrh  hose. 

(.■5)  One  2i-inch  ntream,  three  lengths  of  00  feet  each,  Ji-iiich  liose.  siamesed  into 
one  "jO-ffKit  length  of  3A-in<h  hose. 

(6;  One  2i-inch  stream,  three  lengths  of  oO  feet,  Ij-inch  liose,  siamesed  into  one 
of  50  feet  of  3 i -inch  hose. 

'JTie  lx>at  started  with  120  i>ounds  (  f  water  pressure. 
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In  the  evening  a  most  enjoyable  reception  was  tendered  to  the 
Society  by  citizens  of  Detroit,  at  the  Detroit  Club,  corner  of  Fort 
and  Cass  Streets.  This  was  a  dress  reception,  with  decorations, 
music,  and  a  very  handsome  supper,  ending  with  dancing  for  the 
ladies,  and  a  smoking  conversazione  for  tlie  gentlemen. 

Fourth  Session.     Thursday,  June  27. 

The  papers  of  this  session  were  by  Prof.  De  Volson  Wood, 
presenting  an  "  Analysis  of  the  Tremont  Turbine/'  discussed  by 
IVIr.  Nagle  ;  by  Mr.  M.  P.  Wood,  on  "  Eustless  Coatings  for  Iron 
and  Steel ; "  by  Mr.  F.  AV.  Taylor,  on  "  A  Piece-Eate  System," 
discussed  by  Messrs.  Gantt,  Penton,  Rogers,  Kent,  Barnes, 
Ilenniug,  Bement,  Piatt,  Gobeille,  Holloway,  Norton,  and  Warner. 

The  paper  by  Mr.  W.  H.  Bryan,  upon  the  "  Down  Draught 
Furnace  for  Steam  Boilers."  was  discussed  by  Messrs.  Dow, 
Nagle,  Kent,  Carpenter,  Meier,  Taylor,  Laird,  Holmai],  and 
liockwood. 

The  paper  by  Mr.  E.  J.  Armstrong,  on  "A  New  Shaft  Gover- 
nor," elicited  discussion  from  Messrs.  Fawcett,  Allison,  and 
Sweet. 

The  session  then  adjourned. 

The  excursion  of  this  afternoon  and  evening  was  one  of  the 
most  notable  of  the  week.  The  fine  steamer  CiUj  of  Cleveland 
had  been  put  at  the  service  of  our  hosts  by  the  Detroit  and 
Cleveland  Steam  Navigation  Company,  and  a  large  party  of  mem- 
bers and  guests  was  delightfully  conveyed  to  Star  Island,  on  the 
St.  Clair  Flats.  Luncheon  was  served  on  the  boat  and  music  was 
rendered  by  an  orchestra.  After  a  fish  supper,  served  most  com- 
fortably in  the  hotel  dining-room,  the  boat  returned,  reaching  its 
wharf  in  the  neighborhood  of  9  o'clock.  The  experience  was  a 
unique  one  to  by  far  the  majority  of  the  excursionists. 

Fifth  Session.     Friday,  June  28. 

The  opening  paper  was  by  Mr.  Geo.  S.  Morison,  on  "  Expansion 
Bearings  for  Bridge  Superstructures,"  discussed  by  Mr.  Henning ; 
Professor  Carpenter's  "  Tests  of  the  Experimental  Engine  of  Sib- 
ley College,  Cornell  University,"  was  discussed  hy  ^[essrs.  Kent, 
Piockwood,  and  Bull. 

The  papers  by  Messrs.  E.  C.  Kna])p,  on  "  A  Method  of  Propor- 
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tioning  the  Cylinders  of  Compound  Engines,"  and  of  Prof.  D.  C. 
Jackson,  reporting  "  Tests  of  a  Combined  Electric  Light  and 
Electric  Kailway  Station,"  were  discussed  together  by  Messrs. 
Stauwood,  Eockwood,  Kent,  Jesse  M.  Smith,  Hutton,  Davis, 
Stearns,  Stetson,  Rearick,  Bryan,  Carpenter,  Keep,  and  Bull. 

Tlie  closing  paper,  by  Mr.  Geo.  M.  Brill,  on  "  Pipe  Covering 
Tests,"  was  discussed  by  Messrs.  Taylor,  Kent,  Rearick,  Stearns, 
Carpenter,  Rogers,  and  Nagle. 

The  excursion  of  this  afternoon  included  a  visit  to  the  Power 
House  of  the  Public  Lighting  Commission,  and  to  the  Michigan 
Stove  Works,  in  carriages  which  met  the  party  at  the  convention 
hall  and  at  the  hotel,  for  their  couvenience.  Luncheon  was  most 
acceptably  served  in  the  offices  and  corridors  of  the  Stove  Works, 
and  an  oj^portunity  was  given  to  witness  the  operation  of  a  device 
described  in  a  paper  of  the  meeting,  for  recording  the  changes  of 
length  in  a  cast-iron  bar,  as  it  passed  from  the  liquid  to  a  solid 
state.  Escorted  thence  to  the  plant  of  the  Detroit  Oak  Belting 
Company,  a  further  collation  was  served  under  a  tent,  and  thence 
the  party  embarked  on  board  the  steamer  Pleasure  for  a  visit  to 
the  pumping  station  of  the  City  Water  Works,  and  to  visit,  upon 
the  Canadian  side,  the  exceptionally  handsome  office  building  of 
the  firm  of  Hiram  Walker  &  Sons,  at  Walkerville.  The  boat, 
returning,  landed  some  of  its  passengers  for  outgoing  trains,  and 
the  convention  was  at  an  end. 

At  the  closing  professional  session  Mr.  J.  F.  Holloway,  report- 
ing in  the  name  of  a  Committee  on  Resolutions,  presented  the 
following  series  of  resolutions : 

The  American  Society  of  Mechanical  Engineers,  having  been  the  honored 
guests  of  the  Chaujljer  of  Commerce  of  the  city  of  Detroit,  during  a  part  of  its 
may  in  the  city,  and  desirous  that  a  sense  of  its  appreciation  for  favors  received 
may  b«  conveyed  to  that  body,  for  its  efforts  and  interet^t  in  contributing  to  the 
HUccesfl  of  our  convention  by  the  use  of  their  well-arranged  Koof  Garden  on 
Wedne.-day.  for  the  preparation  of  maps,  folders,  and  other  printed  matter  of 
interest,  and  for  other  attentions,  hereby  tender  them  our  hearty  vote  of  thanks. 

Ab  the  DirectoTH  of  the  Detroit  Club  have  shown  signal  courtes^ies  to  the 
Memb^TM  of  the  American  Society  of  Mechanical  Engineers  and  their  ladies,  in  a 
manner  that  has  been  particularly  enjoyable  to  us  all,  this  resolution  is  presented 
to  r<Tord  in  a  mor»'  permanent  way  the  a[)[)reciation  which  all  have  of  the  enjoy- 
able manner  in  which  the  directors  have  displayed  their  kindly  feelings  towards 
us.  and  that  for  the  opportunity  afforded  us  of  visiting  their  splendidly  equipped 
rlub  house,  and  of  meeting  so  many  distinguished  citizens,  we  tender  hearty 
thankM. 

Among  the  long-to-be-remembered  courtesies  extended  to  the  American  Soci- 
ety of  Mechanical  Engineers  when  in  Detroit  is  that  of  the  Detroit  and  Cleve- 
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land  Steam  Navigation  Company,  for  the  generously  tendered,  complimentary  use 
of  their  magnificent  steamer.  City  of  Clecela/id,  for  the  trip  to  "  Star  Island,"  the 
Venice  of  tlie  unsahed  seas.  For  the  attentive  courtesies  shown  by  all  during 
the  excursion,  for  the  opportunity,  for  the  first  time  afforded  many  of  us,  of  rid- 
ing on  the  clear  waters  of  the  Detroit  River,  we  ask  that  tiiey  will  accept  our 
hearty  thanks. 

The  American  Society  of  Mechanical  Eugineers,  recipients  of  most  enjoyable 
and  appreciated  courtesies  at  the  hands  of  the  Michigan  Stove  C<>mpanv,  desire  to 
return  to  that  company,  its  president,  officers,  and  genial  representatives,  and  to 
all  connected  with  them,  a  most  heartfelt  vote  of  thanks  for  their  cousiderate 
attention,  transportation,  and  entertaiument  at  luncheon,  as  well  as  for  the  op- 
portunity that  has  been  afforded  us  of  inspecting  works  and  methods  which 
have  largely  contributed  to  make  the  city  of  Detroit  the  important  industrial 
centre  it  is. 

To  the  Detroit  Oak  Belting  Company  the  Society  desires,  by  a  vote  of  thanks, 
to  express  its  appreciation  of  their  efforts  to  make  our  visit  one  of  pleasure 
and  enjoyment,  by  inviting  us  to  visit  their  works  during  our  stay  in  the  city. 

Among  the  manv  and  generously  tendered  marks  of  consideration  shown  tlie 
American  Society  of  Mechanical  Engineers  during  their  meeting  in  Detroit  is 
that  of  the  Detroit,  Belle  Isle  and  Windsor  Ferry  Company,  in  tendering  for  our 
use  on  Friday  afternoon  their  admirably  equipped  boat  The  Pleasure,  by  which 
to  visit  the  many  points  of  iiiterest  along  the  river  front,  and  for  their  kindly  con- 
sideration of  our  comfort  and  pleasure  we  hereby  tender  our  thanks,  coupled 
with  best  wishes  for  their  success  and  continued  prosperity. 

The  American  Society  of  Mechanical  Engineers  has  had  an  opportunity  to 
witness  the  operation  of  the  system  of  pipe  lines  for  fire  protection  which  is  a 
notable  feature  of  municipal  engineering  of  the  city  of  Detroit.  To  Mr.  Jas.  E. 
Tryon,  Secretary  of  the  Fire  Commissioners,  and  his  colleagues,  and  to  the  ener- 
getic representatives  of  the  department,  we  desire  to  return  thanks  for  the  exhi- 
bition given  and  the  honor  conferred  upon  us. 

The  American  Society  of  Mechanical  Engineers  desire  to  express  to  the  Water 
Commissioners  and  to  the  Public  Lighting  Commission,  by  a  vote  of  thanks,  their 
appreciation  of  the  courtesies  extended,  and  for  the  opportunities  which  have 
been  afforded  us  of  visiting  the  admirably  arranged  departments  under  their 
control. 

Among  the  unique  and  pleasurable  experiences  of  the  American  Society  of 
Mechanical  Engineers,  during  their  meeting  in  this  city,  was  the  visit  made  to 
the  handsome  bu>iness  offices  of  Hiram  Walker  &  Sons,  of  Walkerville,  at  the 
invitation  of  that  firm,  and  for  this  invitation  and  for  the  attention  shown  us, 
we  beg  Messrs.  Walker  &  Sons  to  accept  our  hearty  thanks. 

The  American  Society  of  Mechanical  Engineers  have,  during  their  visit  at 
Detroit,  been  honored  with  invitations  to  visit  many  of  the  industrial  establish- 
ments for  which  the  city  is  noted,  and  while  it  has  been  impossible  for  the  Soci- 
ety as  a  whole  to  accept  these  various  invitations,  many  of  our  members  have 
done  so,  and  we  wish  to  heartily  thank  the  Farrand  &  Votey  Organ  Company, 
the  Peninsular  Car  Works,  the  Michigan  Stove  Company,  the  Detroit  Dry  Dock 
and  Engine  Works,  the  Riverside  Iron  Works,  the  Frontier  Iron  Works,  the  var- 
ious Power  Stations,  and  others  who  have  honored  us  by  thus  remembering  us 
during  our  stay  in  this  city. 

As  no  meeting  of  the  American  Society  of  Mechanical  Engineers  would  be 
complete,  or  a  success,  witliout  the  laborious  efforts  of  a  local  committee,  so 
42 
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wouUl  a  series  of  resolutions  he  incomplete  which  did  not  at  least  attempt  to 
recoi'-nize  tlieir  hard  work,  which  has  made  this,  the  Detroit  meeting,  a  notable 
success  in  each  and  all  of  its  varied  features.  To  some  of  us  the  difficulties  to  be 
overcome,  the  innumerable  details  to  be  carefully  worked  out  in  advance  of  such 
a  meetin«^,  are  not  unknown,  but  to  all  of  us  it  has  been  fully  demoubtrated  by  our 
sojtlurn  in  the  city  of  Detroit  during  the  past  week,  how  the  admirable  tact,  good 
judgment,  industry,  and  patience  of  a  local  committee  have  served  to  make  us 
walk  and  ride  in  pleasant  places.  While  words  are  inadequate  to  express  what 
we  .^o  fully  feel,  we  trust  that  the  consciousness  of  having  so  completely  contrib- 
uted to  the  success  of  a  Society  of  which  we  are  proud  to  call  them  members,  of 
bavins'  conducted  a  series  of  excursions  and  entertainments  which  have  left  noth- 
ing to  i)e  regretted,  except  that  they  are  over,  must,  as  we  feel,  be  their  highest 
reward;  but  to  this  all  members  and  guests  desire  to  add  their  heartfelt  thanks, 
and  to  join  in  the  wish  of  Tiny  Tim,  when  he  said,  "  God  bless  us  all ! " 

These  resolutions  were  passed  with  acclamations  and  cordial 
enthusiasm,  the  recognition  to  the  local  committee  being  only  to 
be  satisfied  by  a  rising  vote. 


i 


A   T-SQUA|{E    AX])    ITS    MOUNTINGS.  651 


DCXXXIV.* 

A    T-SQUARE  AND   ITS  MOUNTINGS. 

BY    T\'.    A.    GABIUKI..    ELGIN,    ILL. 

(Member  of  the  Society.) 

The  T-square  shown  herewith  by  the  accompanying  diagrams 
"was  devised  by  the  writer  several  years  ago,  and  has  been  in 
constant  use  since ;  and  thinking  it  might  be  of  use  or  interest 
to  others,  it  is  made  the  subject  of  this  paper. 

The  T-square  is  mounted  on  a  steel  guide-bar,  and  the  'bar 
upon  adjustable  brackets,  fastened  to  the  under  side  of  the  table 
vsdiich  holds  the  drawing-boards.  The  drawing-boards  are  fast- 
ened to  the  table  by  clamps,  about  six  inches  from  each  corner 
of  the  board,  as  clearly  shown  at  Figs.  192  and  193.  The  guide- 
bar  can  be  easily  adjusted  in  height  to  suit  the  various  thickness 
of  the  drawing-boards,  by  means  of  screws  at  the  lower  ends  of 
the  brackets  (see  Figs.  186  and  195),  and  the  bracket  at  the  front, 
or  working  side,  of  the  table  is  provided  with  an  adjustment, 
shown  at  Fig.  188,  so  that  the  guide-bar  can  be  moved  sideways 
at  that  point,  the  bar  swivelling  at  the  other  or  back  bracket. 
This  arrangement  allows  the  T-square  blade  to  be  set  at  the 
zero  point,  in  case  of  any  distortion  of  the  table  or  board,  or 
yv^hen  the  draughtsman  wishes  to  change  boards  on  which  may 
l^e  mounted  different  views  of  the  same  machine. 

The  T-square  head,  a  plan  of  which  is  shown  at  Fig.  184,  is 
made  of  cast  iron,  and  carries  on  its  under  side  small  steel  rolls, 
tliat  are  hardened  and  ground  up  true,  and  which  allow  it  to 
move  freely  on  the  guide-bar.  The  rolls  running  on  the  top  of 
the  bar  carry  the  weight,  while  the  others  guide  the  head  side- 
ways. The  use  of  three  rolls  in  the  manner  shown  allows  the 
overhanging  weight  of  the  head  to  always  keep  it  free  from  side- 
shake  when  any  wear  takes  place.  The  head  is  kept  in  position, 
when  the  top  of  the  drawing-table  is  set  at  any  desired  angle, 
by  a  counter-weight,  shown  in  Figs.  187  and  195,  and  the  weight 
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is  lUiiJe  in  sections,  so  that  it  can  be  varied  to  suit  the  different 
angles  of  the  table. 

The  bhide  or  straight  edge  lias  upon  it  a  rib  or  trough,  in 
-which  can  be  conveniently  placed  the  instruments,  etc.,  in  use 
by  the  draughtsman.  This  blade  is  secured  to  a  gear  segment, 
bv  means  of  six  screws  and  a  thin  steel  ring  which  has  teeth 
formed  upon  its  under  side  ;  these  teeth  are  clearly  shown  by 
Figs.  185  and  190.  The  teeth  are  forced  into  the  wood  of  the 
l)lade  bv  the  screAVS,  and  hold  it  firmly  to  the  segment.  The 
segment  has  let  into  its  outer  circumference  a  piece  of  steel  on 
which  teeth  are  cut.  Steel  was  used,  as  it  was  found  that  tha 
teeth  could  l)e  cut  in  it  more  accurately  than  was  possible  in 
the  cast  iron. 

Each  tooth  equals  one  degree,  and  the  worm  engaged  there- 
with is  held  in  close  contact  by  means  of  a  spring  shown  in  the 
section  Fig.  185.  The  worm  and  its  shaft  are  mounted  in  a. 
frame,  pivoted  in  such  a  manner  that  it  is  possible  to  move  it 
out  of  gear  with  the  segment,  and  this  allows  the  blade  to  be 
moved  quickly  to  the  desired  angle ;  and  if  minutes  of  a  degree 
are  wanted,  it  is  only  necessary  to  revolve  the  worm  and  read, 
from  the  index  formed  upon  a  small  hand-wheel  on  its  shaft. 
A  clamping  screw  is  provided  to  secure  the  worm  against  acci- 
dental movement. 

Figs.  195  and  196  show  the  T-square  and  guide-bar  attached 
to  the  table,  and  the  proper  position  of  the  counter-weight. 
Fig.  194  is  a  full-length  detail  of  the  blade. 

It  may  be  claimed  that  this  is  too  elaborate  a  device  for  ordi- 
nar\'  use,  but,  in  the  opinion  of  the  writer,  a  T-square  of  this 
description  will  be  found  to  pay  well  in  any  draughting-room 
where  fine  work  is  done. 
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A    PORTABLE  DISINFECTING   PLANT, 

BY  W.  H.  FRANCIS,    PHILADELPHIA,   PA. 

(Member  of  the  Society.) 

In  military  science  it  is  an  axiom  to  defeat  and  destroy  an 
army  in  detail ;  this  is  equally  applicable  to  fighting  contagious 
disease,  and  is  attracting  marked  attention  from  sanitarians.  It 
is  not  the  province  of  the  mechanic  to  discuss  or  pass  upon 
the  microbe  theory,  calling  for  disinfecting  machines,  but  to 
apply  practically,  for  everyday  use,  the  facts  which  bacteri- 
ologists and  doctors  have  proved  to  be  true. 

At  the  December  meeting  of  1893  was  presented  a  paper  on 
"  A  Modern  Disinfecting  Plant,"  t  as  applied  to  quarantine 
stations,  to  prevent  contagion  reaching  our  shores.  Supple- 
mental to  this  article  a  brief  description  is  now  offered  of  a 
Portable  Disinfecting  Plant  for  destroying  epidemic  disease  in 
detail,  upon  its  first  appearance  in  our  cities.  These  machines 
are  the  outgrowth  of  a  study  of  the  late  epidemic  of  yellow  fever 
at  Brunswick,  Georgia,  and  the  indifferent  means  the  doctors 
had  to  improvise  to  aid  them  in  the  fight,  although,  it  is  true, 
these  were  the  best  that  could  be  obtained  at  the  time  in  a  city 
cut  off  by  strict  quarantine.  For  instance,  a  box  car  on  one  of 
the  railroads  was  hastily  transformed  into  a  steam  chamber, 
steam  being  provided  by  the  locomotive,  and  infected  articles 
carried  long  distances  to  and  from  the  car.  It  is  greatly  to  the 
doctors'  credit  that  with  such  means  they  were  able  to  check  the 
ravages  of  the  fever. 

The  portable  plant  comprises  two  machines : 

First,  the  steam  disinfector,  consisting  (as  seen  by  Fig.  197)  of 
a  jacketed  chamber,  car,  boiler,  and  vacuum  pump,  mounted  upon 
a  suitable  running-gear.     Its  operation  is  as  follows  : 
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The  steam  generated  in  the  boiler  at  high  pressure  is  reduced 
In-  proper  valve,  circulating  in  the  jacket  at  low  pressure  during 
the  entire  operation.  The  infected  clothes  are  placed  upon 
screens,  or  hung  on   hooks  in  the  car,  which  is  supported  by 


a  port;i]>lo  track,  adjustable  for  irregularities  of  roadway,  the 
car  then  being  push(*d  into  chamber,  and  the  door,  swinging  on 
cran<*,  closed  and  l)(jlt(jd,  made  steam-tight  by  a  rubber  gasket. 
A  thermometer  records  the  temperature,  and  when  the  clothes 
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have  reached  that  of  the  low-pressure  steam,  the  vacuum  pump 
is  started,  removing  the  air  (the  object  of  which  is  twofold,  to 
prevent  possibility  of  life  to  the  microbe,  and  to  give  steam 
greater  penetrating  effect),  after  which  the  steam  is  admitted 
to  the  chamber  from  the  jacket,  insuring  circulation.  The 
incoming  steam  strikes  upon  a  three-leaf  hood,  to  prevent  being 
forced  directly  upon  the  clothes,  and  any  condensation  is  carried 
down  the  sides  of  the  chamber,  preventing  wetting  and  consequent 
shrinkage  of  woollens.  The  exposure  is  continued  for  varying 
time,  accovdinGr  to  the  character  of  the  infected  articles,  after 
wliich  the  steam  in  the  chamber  is  discharged  through  a  valve, 
the  door  opened,  and  the  car  withdrawn. 

The  car  is  arranged  with  removable  trays  and  is  open-sided, 
so  as  to  hold  either  single  or  double  mattresses,  wooden  guards 
of  cvpress  being  introduced  to  prevent  them  from  projecting 
beyond  the  sides  of  the  car. 

Second,  the  sulphur  fumigator,  consisting  of  a  furnace,  boiler, 
engine,  and  fan,  mounted  on  Avheels,  as  seen  in  Fig.  198.  The 
sul])hur  furnace  is  double,  with  a  fire-box  at  one  end,  the  sulphur 
being  held  in  a  cast-iron  pan  under  slow  combustion,  to  produce 
the  dioxide  ;  and  to  continue  the  operation  without  opening  the 
doors  and  causing  rapid  combustion,  a  double-winged  stoker  is 
provided  by  which  additional  roll  sulphur  can  be  introduced  to 
the  ])an.  The  fumes  travel  through  the  double  furnace  to  a 
reservoir  on  top,  provided  with  baffle  plates,  and  are  then 
sucked  by  exhaust  fan  (driven  direct  by  a  rapid-speed  engine), 
thence  through  hose  into  the  building  being  fumigated,  the 
quantity  being  regulated  by  a  sliding  gate  valve.  Both  these 
machines  embody  the  same  principles  described  in  previous 
paper,  and  are  intended,  in  case  of  infection  appearing  in  a 
certain  quarter,  to  bo  driven  to  the  infected  house,  and  after  the 
})atient's  removal,  all  Ijodding,  clothing,  etc.,  be  disinfected  in 
the  8t<*am  disinfector,  after  wliicli  the  house  itself  be  thoroughly 
di.sinfected  by  the  sulphur  fumigator. 

These  machines  were  designed  for  the  United  States  Marine 
Hospital  Service,  Dr.  Walter  Wyman,  Supervising  Surgeon- 
General,  in  .association  with  Dr.  J.  J.  Kinyoun,  one  of  the  able 
bacteriologists  in  the  bureau. 


DESCKIPTIUN    OF    XEW    FuKM    OF    STERILIZER.  659 


DCXXXVI* 

DESCRIPTION  OF  NEW  FORM  OF  STERILIZER. 

V,Y    A.    M.    (JOODAI.E,    BOSTON,   MASS. 

(Member  of  the  Society.) 

It  seems  desirable,  before  explaining  tlie  simple  sterilizing 
apparatus  shown  herewith,  to  give  a  brief  description  of  the 
routine  methods  employed  in  the  operating  theatre  of  a  modern 
hospital. 

Cleanliness,  viewed  from  the  standpoint  of  a  mechanical  en- 
gineer, and  cleanliness  as  practised  in  the  surgery  of  to-day,  are 
two  entirely  different  things.  The  latter  is  complex,  and  requires 
the  aid  of  various  instruments  and  processes,  all  to  the  end  that 
the  ever-present  germ,  or  bacillus,  or  micro-organism,  may  be 
destroyed.  The  germ  theory,  briefly  stated,  is  that  fermentation 
is  due  to  the  access  to  the  fermentible  substances  of  particles 
from  the  outer  world.  The  particles  or  micro-organisms  are 
easily  destroyed  by  steam  heat  at  proper  temperature,  and  by 
chemical  agencies.  To  prevent  fermentation  or  putrefaction  in 
the  discharges  of  wounds  has  been  found  possible,  and  has  led 
to  fruitful  results. 

The  surgery  which  acts  against  the  causes  of  fermentation,  or 
sepsis,  is  called  antiseptic  surgery,  and  is  carried  out  in  various 
ways.     The  antiseptic  principle  is  applied  : 

1.  In  the  preparation  of  the  patient  for  the  operation.  This 
requires,  when  possible,  several  days,  and  need  not  be  described, 
except  to  state  that  absolute  cleanliness  is  attained  at  the  cost  of 
much  labor  and  care. 

2.  In  the  preparation  of  the  operating-room  the  walls  are 
washed  with  corrosive  sublimate,  as  also  the  table  and  other 
appurtenances.  The  instruments  must  be  sterilized,  as  also 
the  dressings. 

3.  In  the  preparation  of  the  operator,  assistants,  and  nurses 
for   their  various    duties,  the   hands  and  arms  are  thoroughly 
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scrubbed  in  soap  and  water,  tlieu  rinsed  in  boiled  water,  tlien 
washed  in  permanganate  of  potash  or  oxalic  acid,  again  rinsed 
in  boiled  water,  then  washed  in  corrosive  sublimate,  and  a  final 
rinsing  in  boiled  water. 

The  operator,  assistants,  and  nurses  wear  uniforms  which  cover 
the  outer  clothing,  and  these,  together  with  the  dressings,  must 
be   sterilized.     For  this  latter  purpose   the    apparatus    herein 

STERILIZER. 
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Fig.  199. 


dnsrribod  was  dosignfMl  ])y  the  writer,  at  the  request  of  one  of 
tlie  large  hoH])itals,  the  purpose  l)eing  to  provide  a  compara- 
tively inexpensive  apparatus  of  sufficient  size  to  sterilize  all 
dressings  and  materials  needed  for  daily  use  in  the  operating 
theatre  and  accident  wards.  The  success  attained  in  its  use 
perhaps  justifies  a  description,  although  but  little  merit  of  nov- 
elty may  be  found. 
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Fig.  200, 


{j&2  DKsciurriox  of  ^:e\v   form  of  sterilizer. 

As  will  he  seen  by  reference  to  the  accompanying  drawings 
(Fig.  199),  the  shell  is  cylindrical,  3()  by  24  inches  inside  measnre- 
ment,  made  of  ]-inch  boiler  plate,  containing  200  feet  of  o-inch 
steam  pipe,  so  arranged  as  to  snrround  a  space  in  the  shell  36  by 
l(j  by  V>  inches  (o^  cubic  feet),  in  which  are  placed  trays  of  wire 
nettinii  for  the  material  to  be  heated.  On  the  front  end  of  the 
shell  a  cast-iron  ring  or  flange  is  riveted,  in  which  is  a  groove 
for  holding  a  packing- ring.  The  door  is  flrmly  held  against  the 
])acking-ring  by  six  eyebolts,  J  of  an  inch  each  (Fig.  200).  The  door 
is  J  of  an  inch  thick  in  the  centre,  with  rim  thickened  to  }  of  an 
inch.  There  is  a  steam  gauge,  a  thermometer  which  should 
register  to  300  degrees,  a  pet-cock  on  top  of  shell,  and  a  vacuum 
valve  on  the  rear  end  of  the  shell.  Connection  with  the  boiler 
plant  of  the  hospital  is  made  in  two  Avays  :  first,  to  the  steam- 
heating  coils,  the  drip  for  these  going  to  a  trap,  thence  to  the 
sewer ;  secondly,  connection  is  made  so  that  live  steam  is  ad- 
mitted in  the  centre  at  the  bottom  of  the  shell.  A  drip  from  the 
shell  is  also  trapped.  The  operation  is  as  follows  :  Dressings  or 
surgeons'  uniforms  are  placed  in  the  trays,  the  entire  tray  space 
l)eing  filled.  Steam  is  admitted  to  the  circulating  coil,  the  tem- 
perature in  the  sterilizer  rising  to  about  170  degrees.  Then  live 
steam  is  admitted  to  the  interior  of  the  shell,  coming  in  direct 
contact  with  the  materials  to  be  treated.  A  temperature  of  260 
degi-ees  is  desirable,  and  the  pressure  of  steam  may  be  25  or  30' 
j)ouiids.  Exposure  to  live  steam  for  twenty  minutes  is  sufficient,, 
and  it  is  then  turned  off,  the  drip  from  the  shell  opened,  the 
l)ressure  rapidly  falling  to  0.  The  steam  in  the  circulating  coils 
dries  out  the  dressings,  so  that,  as  soon  as  the  steam  pressure  is 
zero,  the  door  can  be  opened,  the  materials  taken  out,  and  put  in 
air-tight  cases  for  instant  use.  This  sterilizer  is  sufficient  for 
tlie  needs  of  one  of  the  large  hospitals  in  Boston,  and  can  be 
built  for  about  one-third  the  cost  of  anything  made  for  the  pur- 
pose heretofore. 

Most  severe  tests  have  been  applied  to  tlie  apparatus,  and 
the  results  siiow  the  exact  amount  of  time  and  degree  of  heat 
necessary  to  kill  the  most  deadly  bacilli.  The  convenience  and 
economy  of  its  operation  are  made  p6ssil)le  by  the  operation  of 
drying  coils  in  the  same  chamber  in  which  the  actual  work  of 
sterilizing  is  performed. 
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BUS  TLBS  S  COATIXGS  FOR  IRON  AND  STEEL. 

PAINTS:  OF  WHAT  COMPOSED,  HOW  DESTROYED,  CLASSIFI- 
CATION AS  TRUE  PIGMENTS  AND  INERT  SUBSTANCES. 
ADULTERANTS,    ETC. 

THIRD    PAPER. 

BT  M.   P.    WOOD,    NEW   YORK   CITY. 

(Member  of  the  Society.) 

What  is  paint  ?  This  question  can  be  answered  in  a  broad 
way  by  saying :  It  is  any  liquid  or  semi-liquid  substance  applied 
to  any  metallic,  wooden,  or  other  surface  to  protect  it  from 
corrosion  or  decay,  or  to  give  color  or  gloss,  or  all  of  these 
qualities,  to  it. 

A  better  definition  would  probably  be,  that  paint  is  a  com- 
pound of  a  pigment  and  a  liquid,  usually  applied  to  any  surface 
with  a  brush,  for  the  purpose  of  protection,  or  to  secure  artistic 
effects  ;  which  liquid,  after  undergoing  certain  changes,  in  part 
mechanical,  or  chemical,  or  both,  has  the  power  of  holding  the 
pigment  to  the  coated  surface.  It  is  evident  that  the  latter 
definition  would  also  include  those  compounds  which  are  ap- 
plied to  many  surfaces  either  hot  or  cold  as  a  bath,  or  l\v 
immersion  rather  than  by  a  brush,  solely  as  a  matter  of  con- 
venience or  rapidity  ;  and  particularly  so  when  metallic  members 
of  large  size,  or  with  intricate  and  hidden  parts,  are  to  be 
protected.  In  the  latter  case  the  term  coating  would  probably 
be  the  better  definition. 

The  essentials  of  a  good  paint,  for  whatever  use  intended,  are  . 

First. — That  it  shall  adhere  firmly  to  the  surface  over  which 
it  is  spread,  and  not  chip  or  peel  off.  It  must  be  non-corrosive 
to  the  material  it  is  used  to  protect,  as  well  as  to  itself  under 
long  periods  of  atmospheric  exposure  and  chemical  changes. 
It  must  form  a  surface  hard  enough  to  resist  frictional  influences, 

*  Presented  at  the  Detroit  meeting  (June,  189."))  of  the  American  Society  of 
Mechanical  Engineers,  and  fonnino^  part  of  Volume  XVI.  of  the  Transaction s. 
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\oi  elastic  eiiougli  to  conform  to  all  changes  of  temperature,  or 
with  a  coefficient  of  elasticity  approximately  as  near  the  material 
it  covers  as  possible.  It  must  be  impervious  to  and  unaffected 
bv  moisture  and  atmospheric  and  other  influences  to  which  the 
structure  may  be  exposed. 

SeccnuL — That  it  shall  work  properly  during  its  application,  a 
]>ro])erty  which  depends  largely  upon  the  relative  amounts  of 
pigment  and  liquid ;  the  natures  of  both  pigment  and  liquid 
also  have  influences  that  govern  results. 

Third. — That  it  shall  dry  with  sufficient  rapidity.  This  func- 
tion depends  mostly  upon  the  vehicle  or  liquid  used  with  the 
pigment,  though  the  pigment  has  in  many  cases  an  influence, 
as  will  be  seen  further  on. 

Fourth. — That  it  shall  have  proper  durability,  which  is  a  func- 
tion both  of  the  pigment  and  liquid.  And  as  the  question  of  cost 
is  in  many  cases  the  governing  factor  in  the  selection  of  a  paint, 
the  question  of  durability  may  be  regarded  as  the  most  important 
one  of  the  list ;  though  it  can  be  imagined  that  a  paint  can  be 
durable  jM^r  .se,  and  not  be  protective  in  the  strict  sense  of  the 
wonl,  as  can  be  illustrated  in  the  case  of  a  good  paint  applied 
to  tlie  surface  of  a  sheet  of  iron  coated  with  rust :  the  liquid 
element  in  the  paint  will  not  absorb  or  neutralize  the  corrosion 
which  it  covers,  but  will  dry  regardless  of  it,  and  permit  the  de- 
.struction  of  the  metal  to  progress  beneath  its  coat. 

Fifth.  -  ( 'overiru/  potner,  by  which  is  meant  the  power  of  a 
pigment  so  to  cover  the  surface  to  which  it  may  be  applied  that 
its  protection  from  decay  is  not  only  assured,  but  that  the  min- 
imum amount  of  paint  shall  effect  this  purpose. 

Master  ])ainters  and  color  manufacturers  vary  greatly  in  their 
definitions  of  the  covering  power  of  paints,  and  are  inclined  to 
classify  it  into  "  coach  painting  and  house  painting,"  with  a 
distinction  whether  it  is  internal  and  decorative,  or  external, 
lK)th  prot^-ctive  and  decorative. 

Thf  roi^rriiuj  jinvcr  is  also  used  to  express  the  power  of  a 
pigment  tr)  protect  the  oil  from  decay,  in  which  case  a  large 
amount  of  pigment  and  a  small  amount  of  oil  are  used  ;  this  de- 
Hcri])tion  of  })aint  drying  more  or  less  "  flat,"  the  pigment  being 
exposed  to  the  weather  and  held  in  place  by  the  thin  film  of  oil. 
It  is  tliouglit  by  many  master  painters  that  this  is  the  most  du- 
rable and  best  ])aiut  for  general  use.  On  the  contrary,  paints 
whicrh  dr^'  with  a  gloss  have  a  large  amount  of  oil   and   a  small 
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amount  of  pigment,  in  which  case  the  oil  covers  and  protects  the 
pigment. 

It  may  be  used  to  express  the  amount  of  color  upon  the  sur- 
face ;  as,  generally,  if  a  surface  has  plenty  of  color  upon  it  the 
covering  power  is  said  to  be  good.  To  illustrate  this  definition  : 
If  an  iron  oxide  paint  is  proportioned  so  that  the  ratio  between 
the  pigment  and  the  oil  is  by  weight  50  per  cent,  of  pigment 
and  50  per  cent,  of  oil  when  the  paint  is  ready  for  spreading, 
and  the  pigment  consists  of  30  to  40  per  cent,  of  iron  oxide,  the 
covering  power  will  be  said  to  be  good ;  but  if  the  same  propor- 
tions of  50  per  cent,  ratio  between  the  pigment  and  the  oil  be 
had,  in  which  the  iron  oxide  is  only  5  per  cent,  of  the  pigment, 
the  covering  power  would  be  called  poor  ;  and  so  it  would  be  in 
the  case  where  10  per  cent,  of  pigment  and  90  per  cent,  of  oil 
were  used.  If  in  the  two  latter  cases  the  oil  contained  large  or 
liberal  amounts  of  volatile  diluents,  the  appearance  of  the  sur- 
face would  indicate  a  deficiency  in  the  covering  power  of  the 
paint. 

The  'covering  poiver  is  also  commonly  expressed  in  the  amount 
of  surface  which  a  given  iceiglit  of  paint  will  cover.  A  good  iron 
oxide  paint  will  cover  nearly  twice  as  much  surface  as  white 
lead  or  red  lead.  The  specific  gravity  of  the  paint  also  is  to  be 
considered  in  the  definition  of  this  power.  The  lightest  paints 
have  the  most  covering  power.  White  lead  is  about  6.4  times 
as  heavy  as  water ;  iron  oxide  5  times ;  yellow  ochre  Sj/i  to  4 
times,  etc.,  etc.  With  this  variation  it  is  manifestly  almost  an 
impossibility  to  get  the  same  number  of  particles  of  the  same 
size  out  of  the  same  weight  of  different  materials. 

The  refracting  power  of  light  has  much  to  do  with  an  under- 
standing of  this  covering  power  of  paint.  The  greater  the  re- 
fracting power  of  the  pigment  is  over  that  of  the  oil,  the  better 
will  be  the  covering  power.  The  index  of  refraction  of  air  is  1 
degree  ;  water,  1.34  ;  linseed  oil,  1.48  ;  glass,  1.50  to  1.55  ;  silica, 
1.55  ;  feldspar,  1.54;  whiting,  1.65  ;  chrome  yellow,  3.00  ;  vermil- 
ion, 3.20,  etc.  There  is  no  exception  to  the  rule  that  the  finer 
the  state  of  division  to  which  any  pigment  is  reduced,  the  better 
will  be  its  covering  power.  Sulphate  of  lime,  barytes,  feldspar, 
silica,  talc,  whiting,  etc.,  are  all  of  low  refractive  power,  and  of 
themselves,  independent  of  this  refractive  quality,  do  not  con- 
stitute good  pigments  ;  though  when  mixed  with  the  metallic 
pigments  and  ground  together  in  the  oil  the  result  is  a  pigment 
43 
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of  good  covering  power,  almost  as  gdod  as  the  better  one  of  tlie 
combination.  For  instance,  80  per  cent,  of  sulphate  of  lime  and 
20  per  cent,  of  zinc  white  form  a  pigment  almost  as  good  as  all 
zinc  white,  and  10  per  cent,  of  white  lead  and  90  per  cent,  of  talc 
carefully  ground  give  a  very  satisfactory  result  so  far  as  relates 
to  the  covering  power ;  but  all  of  the  above  and  other  kindred 
compositions,  while  improving  the  covering  power,  are  possibly 
to  be  classed  as  aduliercmts^  the  use  of  which  may  be  objection- 
able so  far  as  durability  and  protective  power  are  concerned, 
when  the  question  of  cost  is  not  considered  in  connection  there- 
with. 

As  stated  before,  the  finer  the  pigment  is  subdivided  or 
ground,  whether  as  a  paste  wdiich  is  afterward  thinned  with  oil 
or  volatiles  to  a  consistency  to  spread  with  a  brush,  or  is  ground 
in  the  oil  direct  (a  process  that  all  pigments  will  not  endure 
without  injury  to  their  color — the  scarlet  lead  chromate,  for 
instance  i  to  the  proper  consistency  to  spread,  the  better  will 
be  its  covering  power. 

An  ounce  of  lamp-black,  because  of  the  minuteness  of  its  par- 
ticles, will  cover  more  surface  in  an  effectively  protective  man- 
ner than  any  known  pigment,  and  one  part  lamp-black  and  nine 
parts  sulphate  of  lime  by  weight  give  most  excellent  results  in 
covering  power.  Prussian  blue,  the  scarlets,  lakes,  and  others 
of  what  can  be  called  "  the  fugitive  colors,"  on  account  of  their 
tendency  to  fade  out,  possess  the  li ghf -dispersing  poiver  which 
deceives  the  eye  as  to  their  covering  faculty,  when  in  reality  for 
actual  covering  as  protective  substances  they  are  absolutely 
worthless.  These  colors  should  be  denominated  stains  rather 
than  paints ;  and  generally  the  only  measure  of  protection  from 
decay  or  corrosion  wliich  accompanies  their  use  is  solely  from 
thf'  oil  or  liquid  with  which  the  color  is  mixed. 

The  designiiig  of  a  paint,  for  whatever  purpose  to  be  used, 
necessarily  includes  the  qualities  already  mentioned,  viz. :  adhe- 
sion and  elasticity,  working  qualities,  drying  qualities,  dura- 
bility, covering  power.  Tlie  other  quality,  the  cost,  cannot  be 
ignored,  and  will  l^e  duly  considered  later,  as  well  as  what  pig- 
ments to  use  for  the  intended  purpose  All  pigments  do  not 
contain  all  of  the  aV)ove  qualities.  The  question  naturally 
arises  :  Is  it  necessary  for  a  pigment  to  be  pure  and  unmixed 
with  inert  substances,  or  can  a  certain  amount  of  these  be  mixed 
with  tlie  })igment  without  detriment  to  it? 
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Experiments  of  long  duration  lead  to  the  conclusion  that 
the  oxides  of  iron,  lead,  manganese,  and  other  strong  pigments, 
oan  be  mixed  with  large  amounts  of  these  inert  substances  with- 
out detriment,  and  generally  to  the  manifest  improvement  of 
the  paint  as  a  protective  agent  on  many  structures,  notably 
wooden  or  composite  ones.  A  single  illustration  will  suffice  to 
make  this  apparent.  Oxide  of  iron  is  one  of  the  strongest  of 
pigments  in  covering  power.  If  one  ounce  of  this  pigment  be 
spread  in  two  coats  over  a  given  surface,  say  two  square  feet, 
so  that  the  surface  be  completely  hidden,  and  the  job  be  declared 
a  satisfactory  one  so  far  as  covering  power  is  concerned,  and  in 
the  second  case  an  ounce  of  the  same  oxide  of  iron  be  mixed 
wdth  three  ounces  of  barytes,  kaolin,  gypsum,  etc.,  or  any  one  of 
them,  and  this  paint  be  spread  over  two  square  feet  of  surface 
as  before,  it  is  ob\dous  that  the  amount  of  color  per  unit  of  sur- 
face will  be  the  same  in  l)oth  cases  ;  but  in  one  case  there  is  four 
times  as  much  pigment  as  in  the  other,  and  in  the  second  case 
three-fourths  of  the  paint  would  be  inert  materiah  For  railway 
cars  and  wooden  structures  the  durability  of  these  paints  would 
be  in  favor  of  the  second  case,  as  well  as  the  cost  of  the  paint. 
Tlie  pigment  in  this  case  is  the  life  of  the  paint,  and  protects 
the  oil  from  the  decay  incident  to  oxidation  from  the  atmos- 
pheric exposure. 

Oxide  of  iron  is  practically  unchanged  after  centuries  of  ex- 
posure. It  induces  and  promotes  oxidation  in  all  organic  sub- 
stances with  which  it  is  brought  into  contact,  as  well  as  in  nearly 
all  metallic  bodies.  In  an  oxide  of  iron  paint  it  is  the  oil  which 
decomposes  (being  the  organic  matter^  the  decomposition  due 
to  the  exposure  of  the  elements  being  aided  by  the  oxidizing 
power  of  the  oxide  of  iron  pigment  mixed  with  the  oil.  This 
statement  holds  true  only  where  there  lias  been  no  chemical 
cliange  or  combination  between  the  pigment  and  the  liquid. 

Whiting,  sulphate  of  lime,  barytes,  kaolin,  silica,  feldspar,  and 
talc  are  the  principal  inert  substances  used  in  pigments.  Whit- 
ing, gypsum,  and  barytes  are  the  best  of  the  list ;  the  others, 
grinding  greasy,  or  hard  to  grind,  or  of  a  nature  readily  de- 
composed by  water,  are  objectionable.  Barytes,  from  its  great 
weight,  is  objectionable  only  when  bought  by  the  pound  in  a 
dry  state,  or  as  a  paste  or  pre]'>ared  paint  in  which  as  an  adul- 
terant it  takes  the  place  of  pure  material.  Tlie  sulphate  of  lime 
is  no  doubt  the  best  of  the  inert  substances  to  mix  with  any 
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pigment,  all  things  considered.  It  should  be  thoroughlj  Lj- 
drated.  As  high  as  45  per  cent,  by  weight  of  this  substance  can 
be  mixed  with  oO  per  cent,  of  sesquioxide  of  iron  for  a  pig- 
ment. As  most  of  the  oxide  of  iron  paints  are  made  by  ignition 
i)f  copperas,  and  a  small  amount  of  sulphuric  acjd  is  sometimes 
left  in  the  oxide  which  the  heat  has  failed  to  drive  off,  from  2  to  5 
per  cent,  of  carbonate  of  lime  is  added  to  neutralize  the  free 
acid,  changing  it  to  sulphate  of  lime.  In  this  case  of  propor- 
tions, the  pigment  really  consists  of  50  per  cent,  of  oxide  of 
iron  and  50  per  cent,  of  inert  material,  all  by  weight.  Any" 
oxide  of  iron  paint  which  contains  hydrated  oxide  or  free  S0_. 
will  deteriorate  rapidly  by  oxidizing  the  liquids,  while  any  free 
SO.,  will  retard  the  drying  of  the  paint. 

A  good  paint  prepared  for  spreading  in  ordinary  temperatures 
upon  wooden  or  composite  structures  has  the  ratio  by  volume 
of  about  one-third  pigment  and  two-thirds  oil  or  liquid.  The 
practice  upon  one  of  the  leading  railways  of  the  United  States, 
where  the  materials  purchased  for  paints  amount  to  over 
$800,000  yearly,  is  to  allow  75  per  cent,  of  pigment  and  25  per 
cent,  of  oil  by  weight  for  the  paints  applied  to  cars  and  wooden, 
structures. 

Experiments  determine  that  the  most  durable  paints  are  those 
which  contain  a  large  amount  of  pigment  per  unit  of  surface  ; 
and  that  pigment  is  the  best  which  is  strong  enough  of  itself, 
or  with  a  proper  proportion  of  inert  material,  to  allow  liquid 
enough  to  be  added  to  it  to  flow  and  work  well  with  the  brush 
when  applied. 

The  destruction  of  paint  may  be  from  eight  causes :  J^trsf, 
mechanical  injury ;  seco?i(J,  the  action  of  deleterious  gases ; 
/////v/,  chemical  action  between  the  pigment  and  the  vehicle  or 
liqui<l ;  fourth^  chemical  action  between  the  body  covered  and 
th<'  paint,  either  the  pigment  or  the  liquid ;  ffth,  the  action  of 
liglit  ;  siddhy  peeling  ;  sevrmth,  destruction  by  cleaning  ;  eigldh^ 
water. 

Many  master  painters  and  manufacturers  claim  that  the  de- 
Htruction  caused  by  cleaning  and  the  action  of  water  are  the 
worst  of  the  above  causes.  This  is  true  so  far  as  paint  applied 
to  vxxxhn  fftrncfnres  is  concerned,  and  has  no  relation  to  the 
causes  which  effect  the  destruction  of  paint  applied  to  iron  or 
steel  structures.  As  most  of  the  above  destructive  agents  are 
common  to  all  structures  (wooden,  metallic,  or  composite)  which 


RUSTLESS    COATIXGS    FOR   IRON    AXI)    STEEL.  669 

depend  in  a  greater  or  less  degree  for  their  preservation  from  de- 
cay or  corrosion,  upon  jDaint  ( under  wbicli  name  I  class  all  paint 
oils,  varnishes,  japans,  surfacers,  and  mixed  paints),  it  may  not 
be  amiss  to  discuss  briefly  each  of  these  causes  in  detail  before 
citing  the  destructive  agencies  which  relate  solely  to  the  corro- 
sion of  metallic  structures,  the  prevention  of  which  will  require 
the  consideration  of  other  preservative  methods  than  paints,  or 
which  may  be  used  in  connection  with  paint  to  secure  the  best 
protective  results. 

First. — Mechanical  injury  in  a  certain  sense,  as  applied  to 
wooden,  structures,  is  not  a  serious  cause  of  .deterioration  of  paint. 
Near  the  sea-shore  the  sand  has  the  effect  of  a  sand-blast  to 
cut  away  the  paint  rapidly,  and  in  this  case  the  more  elastic  the 
paint  is,  the  less  will  be  the  mechanical  injury.  This  sand-blast 
action  is  quite  as  effective  m  the  case  of  iron  structures,  and  as 
generally  they  are  of  a  more  important  character  than  the  wooden 
cottages  or  residences,  and  minor  buildings  on  the  sea-coast,  its 
action  must  be  guarded  against.  If  the  paint  coating  is  of  a  soft, 
spongy  nature  it  will  resist  the  sand-blast,  but  will  absorb 
moisture  from  the  air,  and  hasten  either  the  oxidation  of  the 
paint  or  the  metallic  surface  which  it  covers.  Verily,  as  between 
the  devil  (the  sand-blast)  and  the  deep  sea  (the  sea-air),  it  is  hard 
for  the  engineer  to  choose  into  whose  hands  he  would  rather  fall. 

A  further  injury  to  metallic  structures  can  be  classed  under 
the  head  of  mechanical,  viz.  :  that  arising  from  the  expansion 
and  contraction  of  the  various  parts  from  the  atmospheric 
changes  which  are  constantly  going  on,  changes  ranging  from 
40  degrees  F.  to  150  degrees  F.  not  being  unusual.  Now,  it 
may  be  considered  an  impossibility  to  proportion  a  paint-com- 
pound so  that  its  coefficient  of  elasticity  will  be  the  same  at 
all  temperatures  as  that  of  the  metal  it  covers.  It  may  be 
possible  to  do  this  at  some  temperature  at  or  between  60  degrees 
and  90  degrees  F.,  or  even  between  -f-  40  degrees  F.  and  90 
degrees  F. ;  but  that  any  paint  in  the  class  of  commercial 
colors  will  do  this  at  all  temperatures  is  the  tale  of  the  sales- 
man, not  of  the  engineer.  It  may  be  argued  that,  these  changes 
coming  from  the  external  surfaces  of  the  paint  and  being  trans- 
mitted through  its  coating,  it  will  be  the  first  to  adjust  itself 
to  the  new  or  varying  relation  between  the  metal  and  the  paint, 
and  so  will  work  to  the  advantage  of  the  paint  in  making  the 
change,  this  being  in  ordinary  cases  a  gradual  one.     If  the  paint 
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is  of  iiu  elastic,  close-clinging  material,  and  not  a  hard,  vitreous 
one,  the  claim  will  hold  good. 

Tlie  compounds  which  most  closely  partake  of  this  nature,  will 
be  spoken  of  hereafter.  An  addition  to  this  problem  will  be 
liad  when  the  strains  due  to  the  action  of  wind,  the  passage  of 
railway  trains,  and  those  due  to  changes  of  a  sudden  and  vibratory 
character,  together  with  the  action  of  snow,  hail,  and  water  driven 
at  high  velocities,  are  added  to  the  temperature  changes.  Over 
these  combinations  a  little  coat  of  paint  is  required  to  stand 
perpetual  sentinel.  These  latter  mentioned  strains  necessarily 
come  to  the  metal  first,  and  whatever  changes  occur  in  section 
of  the  bars  or  elongation  of  them  by  the  strain,  the  paint  must 
accompany  them.  As  these  strains  are  generally  of  a  vibratory 
or  percussive  character,  it  can  easily  be  seen  why  they  should 
be  classed  in  the  list  of  mechanical  injuries.  In  fact,  they  are  a 
succession  of  blows  which  the  structure  must  withstand,  absorb, 
and  extinguisli  within  itself  or  its  connections ;  the  structure 
tlipn  returning  to  its  normal  condition,  the  paint  or  other  pro- 
tective covering  must  accompany  it,  instead  of  loitering  by  the 
way  and  being  grounded  or  "  left"  in  the  chain  of  operations. 

Second. —  lltr  (tcfion  of  deleterious  gases  is  very  familiar  to 
those  who  have  studied  paints  and  protective  compounds.  Sul- 
pliuretted  hydrogen  is  one  of  the  most  common  and  active  of 
these  gases,  and  is  formed  in  excessive  amounts  wherever  coal 
is  distilled,  as  for  illuminating  gas.  Sulphurous  acid  fumes 
also,  l)eing  disengaged  in  the  combustion  of  coal  in  the  many 
ai*ts,  transportation,  and  manufacturing  processes  of  the  day ; 
gases  engendered  in  workshops,  being  of  a  compound  character 
carrying  ammonia,  carbonic  acid,  nitric  acid,  and  other  fumes, 
are  active  agents  of  corrosion  to  metallic  bodies,  as  well  as  the 
paint  compounds  that  cover  them.  White  lead  is  the  pigment 
most  affected  by  these  fumes,  the  action  of  the  sulphur  chang- 
ing the  carbonate  of  lead  to  a  sulphide  of  lead  ;  rains  or  any 
condensed  moisture  then  washing  it  away  and  leaving  the 
8nrfa(M^  created  with  it  exposed  to  the  elements  of  decay. 

Third. —  (Jhcrnirn]  wfifni  between  the  pigment  and  the  veliicle 
or  liquid.  This  is  an  exceedingly  important  field  of  inquiry,  and 
largely  an  unknown  one.  The  siccative  and  other  oils  which 
are  in  common  use  for  paints  are  all  capable  of  saponification. 
It  is  well  known  that  soda  and  ])otash  are  not  the  only  sub- 
stances which   combine    with   fats  U)    produce    soap,  and   that 


RUSTLESS    COATINGS    FOR    IROX   AND    STEEL.  671 

-almost  any  of  the  bases  can  be  combined  with  the  fat  acid  of 
nearly  all  oils  to  make  soap  ;  hence  we  have  iron  soap,  lead 
soap,  zinc  soap,  manganese  soap,  etc.  Many  pigments  are 
simply  oxides  or  hydrates,  in  the  same  way  that  soda  and  pot- 
ash are,  and  it  is  strongly  suspected  that  they  combine  with 
the  oil  to  form  soaps  ;  in  which  case  it  will  be  evident  that,  after 
the  paint  has  been  left  on  the  surface  for  a  number  of  years, 
instead  of  a  pigment  held  to  the  surface  by  the  liquid  and  which 
has  undergone  certain  changes  called  "  drying,"  it  is  in  reality 
a  new  chemical  bod}-  consisting  of  the  constituents  of  the 
liquid  combined  with  the  pigment,  or,  in  other  words,  it  may  be 
a  soap. 

Fourth.  —  Chemical  action  between  the  body  covered  and  the 
paint,  either  the  pigment  or  the  vehicle.  The  chemical  changes 
which  may  or  do  take  place  between  the  pigment  and  the  liquid, 
as  set  forth  in  Article  III.,  can  be  supplemented  here  to  embrace 
those  paints  which  contain  pigments,  one  or  more  of  which  give 
up  oxygen  or  break  down  in  the  presence  of  organic  matter,  the  oil 
or  liquid  of  the  paint.  Hydrated  oxide  of  iron  (iron  rust )  oxidizes 
organic  matter  (the  oil)  and  gradually  destroys  it.  Oxide  of  iron 
paints  of  all  kinds  gradually  grow  darker  with  age  from  the 
oxidation  of  the  oil,  this  oxidation  progressing  until  either  the 
paint  cracks  and  falls  off  as  a  scale  on  any  mechanical  disturb- 
ance, or  is  washed  away  in  the  process  of  cleaning  or  by  the  ac- 
tion of  storms.  The  chromate  of  lead,  bichromate  of  potash, 
the  chlorates,  manganese  dioxide,  red  lead,  and  a  number  of 
other  pigments  also  possess  this  oxidizing  power  to  a  great  de- 
gree, but  are  also  possessed  of  another  chemical  j3roperty  which, 
when  these  substances  are  used  as  pigments  and  applied  to  iron 
and  steel  surfaces,  renders  them  almost  proof  against  the  effects 
of  corrosion. 

This  property  is  the  power  to  form  on  iron  and  steel  surfaces 
a  thin  coating  of  black  or  magnetic  oxide,  which  so  effectually 
protects  the  metallic  surfaces  from  corrosion  that  after  the 
removal  of  the  paint  the  metal  still  resists  atmospheric  effects 
for  a  long  time,  as  well  as  the  stronger  effect  of  immersion  in  sea- 
water  or  acidulated  waters,  sulphurous  and  other  vapors.  This 
action  is  very  obscure  and  not  thoroughly  understood  ;  but  the 
fact  remains,  and  extended  experiments  in  this  field  only  demon- 
strate its  presence  and  usefulness.  Practically  it  is  the  same  coat- 
ing that  the  Bower-Barff,  Bertrand,  Maritens,  Gesner,  and  other 
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kiiiilred  processes  develop  when  iron  and  steel  objects  are  placed! 
in  a  closed  vessel  or  miillle  and  exposed  for  a  few  hours  to  a  low 
red  heat  (,1,000  to  1,200  degrees  F.)  with  the  action  of  super- 
heated steam,  naphtha,  or  other  hydrocarbon  vapors,  formings 
at  the  expense  of  the  metal  itself,  an  oxide  of  varying  thickness^ 
according  to  the  period  of  exposure,  which  is  non-corrosive,  and, 
what  is  further  an  anomaly,  a  coating  which  is  electro-negative  ta 
the  iron  surface  it  covers,  but  is  also  electro-negative  or  passive 
to  the  paint  which  covers  it  when  the  pigments  composing  this 
paint  are  composed  of  one  or  other  of  the  above-mentioned  oxi- 
dizing materials  other  than  the  oxides  of  iron,  zinc,  tin,  or  lead. 
This  magnetic  oxide  power  in  paint  as  applied  to  wooden  struct- 
ures is  still  less  understood  than  its  action  upon  metallic  sur- 
faces, and  may  not  be  of  the  same  importance,  as  the  artistic 
effect  of  a  fresh  coat  of  paint  upon  a  weather-beaten  wooden 
or  brick  structure  may  aj^peal  more  forcibly  to  the  eye  than 
any  other  factor  to  cause  a  fresh  application  of  the  paint  cover- 

Fifth. — The  action  of  light.  The  action  of  light  as  a  bleaching 
element  is  well  known  in  almost  all  fields  of  human  industry ; 
but  the  chemical  changes  which  occur  between  the  pigment  and 
the  liquid  are  not  well  understood,  this  action  being  furthermore 
complicated  by  the  different  temperatures  to  which  the  coated 
surface  may  be  exposed,  and  aided  by  the  effects  of  sea-air  or 
fumes  from  various  manufactories.  We  know  that  certain  pig- 
ments fade  upon  exposure,  whether  applied  to  metallic  or  other 
structures.  The  pigments  which  contain  organic  coloring  matter 
from  coal  tars,  dye-woods,  etc.,  fade  more  rapidly  than  those 
wliicli  have  a  metallic  base  ;  but  it  has  never  been  established 
that  the  bleaching  of  the  paint  in  all  cases  detracts  from  its  dura- 
bility. 

Sixth. — Peelirtfj.  Paints  vary  greatly  in  their  power  to  adhere 
to  either  metallic,  wooden,  or  other  surfaces  ;  notably  zinc  white, 
which  peels  under  almost  any  condition  or  from  any  surface  to 
■wliich  it  may  be  applied.  There  is  no  other  pigment  which  pos- 
sesses this  property  in  so  marked  a  degree,  and  it  is  difficult  to 
assif^n  any  reason  why  it  should  peel  so  badly.  A  possible 
cause  is  that  the  zinc  white  combines  with  the  oil  used  in  the 
paint  and  forms  one  of  the  compounds  known  as  metallic  soap, 
thiH  particuhir  one  being  zinc  soap,  a  hard,  brittle,  non-adhesive 
hubstance,  easily  removed  by  mechanical  injury,   water,   and  in 
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ihe  process  of  cleaning,  etc.  Galvanized  iron  possesses  the 
property  of  causing  almost  any  paint  applied  to  its  surface  to 
peel ;  in  fact,  it  is  one  of  the  worst  substances  to  cover  with  a 
23igment  in  a  satisfactory  manner.  Experiments  made  by  a 
leading  railway  company  in  the  United  States,  in  which  a  number 
of  the  best  pigments  in  use  by  that  company  for  all  descriptions 
of  railway  work  were  tried  upon  galvanized-iron  car  roofs  and 
other  galvanized  work,  cornices,  etc.,  showed  at  the  end  of  three 
years  that  but  one  of  the  list  was  in  any  manner  satisfactory,  and 
this  one  was  a  patented  compound  whose  component  parts  have 
not  been  ascertained.  Ordinary  trade  colors  are  of  the  most  un- 
reliable nature  when  applied  to  galvanized  iron  exposed  to  the 
trying  conditions  of  railway  service.  Various  reasons  have  been 
given  for  this  peculiar  action  of  paint  upon  galvanized  iron.  One 
of  the  most  plausible  is  that  the  use  of  sal-ammoniac  in  the 
process  of  galvanizing  causes  the  formation  of  a  thin  film  of  the 
basic  chloride  of  zinc  on  the  surface  of  the  metal  being  galvan- 
ized, which  material,  being  of  a  hygroscopic  nature,  acts  as  a 
repellent  to  prevent  the  close  adherence  of  the  paint  to  the 
metal,  and  the  pigment  dries  as  skin  over  it.  Sheet  zinc  which 
has  not  been  through  the  galvanizing  tank  does  not  hold  some 
kinds  of  paint.  Sheet  lead  also  is  difficult  to  cover,  and  paints 
which  take  tin  and  lead  will  not  always  adhere  to  zinc.  As  a  gen- 
eral rule,  the  strong  oxide  paints  take  these  metals  better  than 
talc,  ochre,  and  the  earthy  pigments.  No  positive  general  state- 
ment can  be  given,  and  the  problem  of  the  adaptability  of  paint 
to  a  metal  to  prevent  peeling  still  needs  study.  A  paint  for  the 
prevention  of  corrosion  in  metals  should  embrace  those  quali- 
ties which  will  cover  both  of  the  above  requirements,  and  the 
solution  to  that  problem  I  hope  to  be  able  to  give. 

Another  fruitful  cause  of  the  peeling  of  paint  is  when  the 
several  coats  are  successively  applied  before  the  foundation  or 
preceding  coat  has  thoroughly  dried,  the  result  being  that  the 
liquid  in  the  outer  or  last  applied  coats  softens  the  pigment  in 
those  previously  applied.  The  resulting  mass,  containing  a 
notable  amount  of  the  more  volatile  elements  of  the  liquid,  be- 
ginning to  dry  from  the  outside  surface,  forms  a  thin  but  hard 
or  vitreous  surface  which  retards  the  further  evaporation  of  the 
volatiles  and  prevents  the  access  of  oxygen  from  the  air,  which 
is  necessary  in  the  process  of  drying.  If  the  surface  thus  covered 
lias  been  painted  while  at  a  low  temperature  or  during  a  damp 
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or  fotTivy  atmospheric  condition,  and  soon  after  there  is  a  marked^ 
rise  in  the  temperature  or  a  fall  in  the  hygroscopic  condition  of 
the  atmosphere,  then  the  paint  is  liable  to  peel  at  once,  or  soon 
after  the  change.  This  effect  is  hastened  in  the  case  where  the 
Cixiting  is  a  lieav}'  one,  or  one  hard  to  spread  by  reason  of  the 
oarthv  or  inert  substances  in  the  pigment,  or  if  benzine  has 
been  used  as  a  drier.  As  a  general  rule,  t/ie  iiwre  suhsfances  which 
enter  into  a  coat  of  paint,  either  as  pure  pigments,  inert  sub- 
stances, or  in  the  composition  of  the  liquid,  the  more  liabhv 
it  is  to  peel.  A  small  amount  of  fish  or  animal  or  non-drj-ing 
vegetable  oils,  though  oxidized  by  the  addition  of  metallic 
salts  and  used  in  connection  with  linseed  or  other  siccative 
oils,  .also  hastens  and  provides  for  the  certainty  of  the  peel- 
ing. 

A  pigment  composed  of  a  number  of  substances,  the  different 
materials  of  which  by  themselves  would  form  the  basis  of  a  good, 
paint,  when  combined  together  with  the  liquid  necessarily  must 
undergo  a  different  chemical  action  than  the  several  members 
of  the  pigment  would  have  done  had  they  been  used  alone. 
This  chemical  action  is  furthermore  complicated  by  the  combi- 
nations going  on  in  the  liquid,  which,  formed  of  a  number  of  dif- 
ferent elements  which  act  and  react  upon  one  another,  and  mixed, 
with  the  heterogeneous  pigment,  develop  a  series  of  chemical 
actions  in  tlie  mass,  the  weaker  element  of  which,  either  the 
mineral  or  the  organic,  is  the  first  to  break  down  or  change,  the 
decay  of  which  hastens  the  decomposition  of  the  others  and  re- 
leases the  bond  between  the  paint  and  the  surface  over  which  it 
is  spread,  and  the  peeling  ])rocess  is  effected. 

That  tliese  chemical  changes  exist  in  the  above  stated  case 
cannot  b»'  denied,  but  have  not  been  well  accounted  for.  The^ 
fjict  remains,  liowever,  that  certain  paints  peel,  and  though  analy- 
sis of  the  })eeled  portion  may  reveal  nothing  to  indicate  the  rea- 
son U)Y  tlie  peeling,  it  is  seldom  possible  to  get  a  sample  of  the 
original  ])aint  as  ap])lied,  to  compare  its  constitu<'nts  with  the 
peeled  .Ham})h',  and  tlie  cause  is  relegated  to  the  hidden  drawer 
of  tlie  j)aint  shop,  near  whicli  som(3  scapegoat  can  be  found  to 
l>ear  the  burden  of  failure. 

Sf>v<ndli. — Dp^tniciion  hij  clranlncf.     This  cause  of  the  deteriora- 
tion and  destruction  of  paint  relates  more  ])articularly  to  wooden 
structup-s,  railway  cars,  and  kindred  objects,  than  to  those  of  a. 
metalbc  cliarar-tei-.     It  mav  bf   sufficient  to  say  we  do  not  wash 
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down  an  iron  bridge,  roof  truss,  or  steamship,  witli  a  view  to  its 
presenting  a  clean  face  for  the  not  too  frequent  inspection.  Al- 
most all  the  binding  materials  of  dried  paints  and  varnishes  are 
more  or  less  acted  upon  by  caustic  and  carbonated  alkalies,  and 
but  little  of  the  soap  in  the  market  is  free  from  these  substances. 
The  detergents  sold  for  cleaning  are  all  mixtures  of  sal  soda 
with  lime,  pumice,  and  other  inert  materials,  and  the  more  effec- 
tive they  are  for  removing  dirt,  the  better  they  are  for  the  de- 
struction of  the  paint.  If,  in  the  economy  of  domestic  house- 
hold matters,  two*removals  are  equal  to  one  fire,  then  it  may  be 
cited  with  equal  force  that  two  good  scrubbings  with  any  wash- 
ing compound,  and  most  of  the  soaps  of  commerce,  applied  with 
a  stiff  brush  and  by  a  willing  servant,  will  be  equal  to  the  next 
painter's  bill  to  restore  matters  to  their  pristine  state.  Aside 
from  the  element  of  cost,  it  is  no  doubt  the  better  practice,  so 
far  as  the  ultimate  preservation  of  any  metallic  structure  is  con- 
cerned, that  it  should  be  washed  clean  with  some  of  the  deter- 
gent compounds  of  the  day  to  remove  the  dirt,  then  sponged  with 
a  liberal  amount  of  clean  water,  then  be  allowed  to  dry  thor- 
oughly before  the  new  paint  is  applied  ;  but  I  must  confess,  as 
an  engineer,  that  the  above  method.,  of  painting  is  a  rare  occur- 
rence, and  that  the  rule  is  for  the  paint  to  be  put  on  regardless 
of  cleaning  the  old  coat,  and,  like  Charity,  trust  it  to  cover  the 
sins  beneath. 

Eiglitli. —  Water.  The  destructive  action  of  water  upon  paint 
applied  to  any  structure,  wooden,  metallic,  brick,  or  composite, 
upon  their  internal  as  well  as  their  external  surfaces,  is  very 
strong,  and  will  rank  next  in  destructive  qualities  to  the  deter-  ■ 
gent  soap  and  scrubbing-brush.  Inside  painting  lasts  longer 
than  outside,  principally  because  it  is  less  exposed  to  the  action 
of  water.  Direct  experiments  show  that  dried  linseed  and  other 
siccative  oils,  when  applied  to  a  surface  alone  without  pigment, 
are  not  resistant  or  water-repellent.  When  the  oil  is  well  dried, 
the  application  of  water  always  causes  the  oil  to  assume  a 
shrivelled  appearance,  showing  that  it  has  absorbed  moisture 
and  expanded,  and  disintegration  has  commenced.  If  the  ex- 
posure be  long  continued,  the  whole  coating  of  dried  oil  will 
slump  away  from  the  surface  over  which  it  is  spread.  Eain 
water,  from  the  sensible  amount  of  ammonia  that  it  carries,  in- 
creases this  destructive  action  on  the  dried  oil ;  and  the  slow 
wasting  away  of  good  paints  containing  pigments  best  known  to  ^ 
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resist  aging  inllueuces,  and  which  have  been  hardened  by  time, 
can  be  attributed  to  this  action. 

The  ordinary  test  by  master  painters  of  the  ability  of  an  oil 
or  paint  to  resist  moisture  is  to  coat  a  surface,  usually  of  glass, 
and,  when  well  dried,  to  immerse  it  in  wkter  for  a  few  hours,  and 
note  the  changes  in  color  and  integrity  of  the  paint. 

Dr.  Dudley's  experiments  for  the  Pennsylvania  Eailroad,  on 
the  action  of  water  upon  paints,  are  interesting  from  the  care 
which  was  exercised  in  making  them  and  recording  the  results. 
Several  samples  of  a  paint  designed  for  use  upon  cars  and 
wooden  structures  were  made  with  raw  linseed  oil  and  a  very 
small  amount  of  japan ;  the  same  liquid  being  used  for  all  the 
samples  with  varying  amounts  of  pigment,  all  the  proportions 
being  by  weiglit.  Two  coats  of  these  paints  were  spread  upon 
glass,  and  allowed  to  harden  for  two  to  three  weeks.  These 
samples  were  then  placed  side  by  side,  and  a  small  portion  of 
the  surface  of  each  covered  with  a  globule  of  water.  This  glob- 
ule was  covered  to  prevent  evaporation,  and  then  allowed  to 
stand  for  twelve  to  fourteen  hours. 

No.  1  was  the  linseed  oil  and  japan  alone. 

'■     2         "         same  liquid  90  parts,  pigment  10  parts.    1 

"     3        "  "  80  ''  20      "         I  -^ 


4         "  "  70  "  30      "         I  'f 

o         *'  "  60  "  40      "         ''  ^ 


"     6         "  "  50  "  50      '' 

-     7         "  "  40  ''  60      " 

When  the  proportions  are  higher  than  liquid  40  parts  and  60 
of  pigment  tlie  paint  will  not  spread  well  with  a  brush  if  the 
liquid  is  linseed  oil  and  the  i)igment  has  the  s])ecific  gravity  of 
ordinary  oxide  of  iron  paints. 

At  the  end  of  the  period  named,  the  behavior  of  the  samples 
waH  as  folh>ws  :  No.  1  coating  was  found  to  have  cleaved  off  from 
the  glass  and  had  become  shrivelled  wherever  the  water  had 
touclied  it.  A])p}irently  the  dried  linseed  oil  had  soaked  u]) 
watfi-,  much  as  a  sponge  acts  as  an  absor})ent.  On  allowing  tlie 
water  to  fvjiporate,  the  coating  dried  down  again,  but  not  nni- 
foriidy,  and  was  apparently  weakened  in  texture. 

No.  2  showed  the  same  characteristics. 

No.  3  showed  the  same,  l)ut  in  a  less  degree. 

No.  4  did  not  rlf^ave  off  from  tlie  glass,  but  showed  where  the 
water  had  stood. 
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No.  5  showed  a  spot  in  the  same  way,  but  in  a  less  degree 
than  No.  4. 

Nos.  6  and  7  showed  but  very  little  action. 

It  can  be  noted  here  that  linseed  oil  dried  for  some  two  months 
absorbs  less  water  than  freshly  dried  oil,  while  very  old  dried 
oil  has  lost  this  absorbent  quality  and  has  become  almost  water- 
repellent.  To  successfully  design  a  paint  which  will  resist  all  of 
the  previously  named  destructive  agencies,  and  at  the  same  time 
resist  the  destructive  action  of  water  (or  moisture),  is  a  difficult 
matter.  The  field  is  an  enormous  one  to  cover,  and  but  little 
j^ositive  knowledge  lias  yet  been  obtained,  though  the  inves- 
tigators and  experiments  have  been  legion,  and  the  literature 
on  the  sijbject  embraces  volumes.  Time  is  an  essential  factor 
in  the  test  of  the  qualities  of  a  paint,  and  if  the  experimentor  is 
required  to  wait  five  or  ten  years  to  determine  the  merits  of  any 
paint,  or  what  effect  a  slight  modification  of  the  proportions  has 
upon  any  one  or  more  of  the  eight  destructive  agencies  hereto- 
fore stated,  a  life  could  be  spent  and  possibly  not  a  conclusion 
drawn. 

Experiments  are  numerous  in  the  field  of  designing  a  water- 
proof coating  to  be  applied  over  the  pigment  which  has  been 
found  to  possess  the  most  preservative  qualities,  independent 
of  the  water-repellent  features,  but  it  can  hardly  be  said  that 
ihe  goal  has  been  reached  at  the  present  hour.  How  effectually 
a  thin  coating  of  the  proper  material  can  protect  the  surface  of 
a  paint  w^hich  it  covers,  can  be  seen  in  the  lettering  of  old  sign- 
boards, which  is  perhaps  an  example  of  the  most  durable  paint 
of  which  we  have  any  record.  Keference  has  been  made  to  this 
subject  in  a  previous  paper.  No.  598,  vol.  xv.,  p.  1021,  and  need 
not  be  repeated  here.  This  protective  effect  is  explained  by  the 
well-known  fact  that  lamp-black  is  one  of  the  best  in/tei-yejjel- 
h/nts  known  ;  that  it  is  practically  indestructible,  and  being  per  sti 
of  an  oily  or  greasy  nature,  when  mixed  with  a  pure  oil  (linseed 
in  these  cases),  and  being  in  a  measure  elastic,  it  has  effectually 
preserved  the  surfaces,  and  not  allowed  the  water  to  reach  the 
underlying  coats  of  white  lead. 

If  the  question  of  color  did  not  to  a  greater  or  less  degree 
govern  the  kind  of  paint  to  apply  to  any  important  structure  we 
€ould  soon  arrive  at  a  solution  of  the  question,  how  to  preserve 
it.  'Tis  told  of  the  fireman,  when  the  question  came  up  as  to 
what    color   he  wanted   the  fire-engine   to  be   painted,  that  he 
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replied:  "I  do  not  care  .sv>  s//c  /v  /rV."  And  so  with  our  iron 
structure  :  we  can  paint  it  with  the  best  paint  for  preserving  it 
and  which  will  be  pleasing  to  the  eye,  and  then  give  it  a  coating 
of  lamp-black  to  preserve  the  covering,  attaching  theret(^  tlie 
familiar  notice,  *'  For  particulars  inquire  within." 

Having  set  forth  the  general  character  of  what  a  paint  should 
be  for  the  purpose  of  protecting  structures  from  decay  or  corro- 
sion, and  having  indicated  the  most  efiective  causes  which  prt>- 
voke  or  promote  the  destruction  of  the  object  and  its  protector, 
it  may  not  be  amiss  to  speak  more  definitely  upon  those 
materials  which  enter  into  paint  compounds  which  yield  the  best 
results  in  general  practice  ;  these  results  being  based  upon  the 
experience  thus  far  at  hand  as  recorded  or  accepted  data,  and 
not  the  hypothesis  of  some  person  or  persons  Avhose  single  or 
joint  lives  may  be  too  short  a  period,  as  compared  with  the  life 
of  the  structure  they  are  striving  to  protect  from  decay,  to 
realize  the  meritorious  features  of^  their  experiment. 

Engineers  as  a  class  are  not  much  less  subject  to  whims  than 
their  less  ])rominent  brothers  in  craft,  the  master  painters,  color 
manufacturers,  and  others,  whose  trade  secrets  are  too  often 
of  too  small  moment  to  produce  the  important  results  which 
are  claimed  for  tliem.  Many  an  important  structure  has  failed 
from  the  inadequate  means  employed  to  preserve  it.  Had  the 
original  methods  employed  to  protect  it  been  made  a  matter 
of  record  in  full  detail  as  to  the  composition  of  the  protective 
coating,  as  well  as  to  how  the  structure  Avas  prepared  to  receive 
it,  w(*  should  be  further  on  the  road  of  engineering  experience, 
and  be  far  better  prepared  to  tell  what  to  do  in  the  practice 
of  to-day  in  order  to  secure  an  abiding  result  in  preservative 
methods. 

The  several  governments  of  the  civilized  world,  by  the  magni- 
tuile  of  their  expenditures  in  the  mechanical  arts,  in  the  form  of 
ships,  buildings,  light-houses,  docks,  and  the  scores  of  other 
metallic  structures,  cither  manufactured  by  themselves  or 
bought  for  their  use  to  the  amount  of  millions  of  dollars  or 
pounds  st<;rling  annually,  from  the  very  nature  of  things  ought 
to  be  tlie  repository  of  the  best  methods  of  preventing  th(;ir 
decay ;  and  the  recorded  data  sliould  be  so  full  of  detail  as  to  tl)e 
actual  results  obtained  from  certain  experiments,  the  favorable 
nature  of  wliicli  has  determined  the  practice  of  the  several  con- 
struct iciu   and   repair  de})artin(nits  connected  witli    the  govern^ 
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meut  service,  that  there  should  be  little  question  of  luhat  not  to 
</n,  eveu  if  the  more  momentous  one  of  icliat  to  do  is  undeveloped 
and  uncertain.  In  most  of  the  navy  yards,  however,  the  few 
rules,  or  the  information  what  to  do  in  certain  cases,  is  as  zeal- 
ously guarded  as  a  trade  secret,  obtained  at  the  expense  of  the 
public  for  the  apparent  benefit  of  the  knowledge-box  of  some- 
body connected  with  that  particular  navy  yard,  as  any  private 
manufacturer  ever  practised  to  keep  his  trade  at  home  or  intact 
from  others'  meddling. 

The  substances  in  use  for  coatings  or  paints  for  the  preserva- 
tion of  all  structures,  wooden  and  composite  as  well  as  metallic, 
from  decay  or  corrosion,  are : 

First. — Mineral  or  natural  asphalt,  artificial  asphalt,  and  coal- 
far  compounds,  either  applied  alone  or  in  combination  with 
each  other,  and  with  more  or  less  certain  inert  substances  in 
use  as  pigments— viz.  :  barytes,  whiting,  gypsum,  kaolin,  silica, 
talc,  feldspar,  and  sundry  ochres  and  substances  with  metallic 
bases,  used  to  give  body,  cheapen  the  cost,  change  the  color,  or 
to  correct  some  suspected  or  known  deleterious  constituent, 
such  as  ammonia,  sulphuric  acid,  and  other  compounds  which 
accident  or  design  has  placed  in  the  vehicle  or  liquid,  or  which 
may  be  in  the  piiiment  naturally,  or  have  been  developed  by  the 
process  of  manufacture.  The  characteristics  of  these  inert  sub- 
stances when  used  as  pigments  will  be  referred  to  hereafter. 

Scco/h/. — I/on  oxide  paints. 

Third. — Zinc  and  lead  oxidex  and  carbonates;  sublimed  lead; 
manganese  dioxide  ore. 

Fourth.  — Carbon  paints  ;  r/raphite,  Janrp-b/ack. 

These  will  be  considered  in  turn,  and  the  principal  character- 
istics given  so  far  as  experience  has  determined  their  merits  as 
protective  compounds,  or  recorded  and  trustworthy  data  are  at 
hand  to  draw  conclusions  from. 

NATURAL   AXD    ARTIFICIAL   ASPHALT    COATINGS. 

Many  of  the  characteristics  of  both  of  these  materials  for  pro- 
tective coatings  for  iron  and  steel  structures  have  been  given  in 
a  previous  paper,  No.  598,  presented  at  the  Montreal  meeting 
(June,  1894),  and  forming  part  of  vol.  xv.  of  Transactions,  pj). 
10U>,  1020-10'21,  1039-l()4<i ;  also  their  adaptability  for  the  pro- 
tection of  marine  work,  both  anti-corrosive  and  anti-fouling,  given 
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in  {I  secoiul  pjiper,  No.  62G,  presented  at  tlie  New  York  meeting 
(December,  1894\  and  forming  part  of  vol.  xvi,  of  the  Transac- 
tions, p.  385. 

"With  proper  care  in  their  preparation,  to  eliminate  the  am- 
monia and  organic  matter  subject  to  decomposition  and  the 
formation  of  corrosive  acids,  and  when  applied  hot  to  clean,  dry 
surfaces,  free  from  mill  scale  and  warmed  to  any  degree  under 
that  of  boiling  water,  they  are  not  only  cheap  in  cost,  but  seldom 
need  renewal,  and  form  one  of  the  best  of  protective  coatings  to 
resist  not  only  corrosion  but  decay  in  all  bodies,  ferric  or  other, 
and  prevent,  in  a  great  measure,  the  passage  of  moisture  and 
the  familiar  sweating  of  objects  at  sudden  changes  of  tempera- 
ture. Enamelled  articles  and  the  japan  varnishes  have  as  their 
base  asphalt  tempered  with  some  admixture  of  linseed  oil  and 
varnish  gums.  Some  are  dried  by  baking  in  ovens,  forming 
enamelled  ware ;  others,  applied  with  a  brush,  dry  by  evapora- 
tion of  their  solvents  rather  than  by  oxidation. 

Enfjineering  News,  February  7, 1895,  p.  86,  contains  a  lengthy 
and  instructive  abstract  of  a  paper  read  at  a  meeting  of  the  New 
England  Eailroad  Club,  January  9,  1895 — "  Preservative  Coat- 
ings for  Iron  Work,"  prepared  by  A.  H.  Sabin,  chemist  for 
Edward  Smith  k  Co.,  varnish  makers.  New  York  city.  The 
article  is  too  long  to  incorporate  with  this,  but  is  worthy  of 
reading,  and  a  place  on  the  file  of  any  engineer  interested  in 
this  subject.  Briefly,  a  coating  was  prepared  from  California 
"  Maltha,"  a  petroleum  by-product. 

The  first  section  of  fourteen  miles  of  the  Rochester  City 
Wator  Works  i)ipe  was  coated  with  this  compound.  The  pipe, 
38  inches  in  diameter,  of  steel  /',,  inch  thick,  Avas  riveted  up  in 
sections  28  feet  long  and  dipped  into  the  '*  maltha  "  compound, 
allowed  U)  dry  under  atmospheric  conditions,  then  taken  to  the 
trench  and  riveted  up  into  <i,  continuous  line.  The  local  damage  was 
great  in  handling  the  jupe  sections,  ri\  eting  them  up,  and  by  the 
rivets,  also  by  the  uncovered  pipe  acting  as  footwalk  botli 
inside  and  outside  for  the  workmen,  until  some  25  per  cent,  of 
the  original  coating  was  so  much  damaged  that  it  required  to  be 
scraped  off"  and  removed,  a  number  of  tliousand  feet  of  the  pipe 
rm  both  the  inside  and  outside  surfaces  being  thus  affected. 

This  damage  to  the  y)ipe-coating  was  repaired  by  painting  it 
with  the  P.  A:  B.  (trade-mark)  l)rand  of  paint,  the  principal  ele- 
ment in   the   vehicle   or  licpiid   with   which   the   pigments   and 
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asphaltum  are  compounded  being  bisulphide  of  carbon  (CS^).. 
Tlie  application  of  this  paint  was  attended  by  the  most  disas- 
trous results  to"  the  health  of  the  painters.  Those  applying  it 
upon  the  outside  of  the  pipe,  in  the  free  circulation  of  air,  were 
not  permanently  affected  by  the  poisonous  fumes  of  the  volatile, 
but  to  the  painters  inside  the  confined  limits  of  the  pipe,  where 
no  circulation  of  the  air  was  possible  to  dissipate  the  fumes,  the 
effect  was  disastrous.  One  died  (evidently  from  suicide),  two 
were  made  hopelessly  insane,  and  a  number  of  the  others  who 
barely  escaped  insanity  were  affected  to  a  greater  or  less  degree, 
and  have  never  regained  their  health,  and  retain  a  silly  exj)res- 
sion  of  countenance  and  weakened  cliaracters. 

The  selection  and  enforced  application  of  this  paint,  after  its 
effects  upon  the  workmen  had  demonstrated  its  dangerous  char- 
acter to  life  and  health,  was  not  only  an  engineering  blunder 
of  the  first  magnitude,  but  ought  to  be  classed  as  an  engineer- 
ing crime  ;  and  the  parties  responsible  for  it — whether  contract- 
ors, engineers,  or  city  officials — should  not  only  be  mulcted  in 
heavy  monetary  penalty,  but  be  scourged  by  the  voice  and  pen  of 
public  opinion  until  their  future  public  or  engineering  ambitions 
and  practice  are  forever  set  at  rest. 

The  second  section  of  fourteen  miles  of  the  same  sized  pipe, 
for  the  Rochester  City  Water  Works,  was  coated  with  an 
enamel  compound,  or  special  baked  japan,  differing  from  the 
ordinary  baking  japan,  and  composed  of  the  purest  obtainable 
asphaltum,  the  best  refined  linseed  oil,  mixed  with  kauri  and 
other  varnish  gums,  well  compounded  by  experienced  varnish 
makers,  and  the  use  of  benzine,  bisulphide  of  carbon,  and  other 
volatiles  other  than  turpentine  rigorously  excluded. 

The  28-feet  sections  of  the  pipe  were  dipped  in  this  prepared 
japan,  drained,  and  then  placed  vertically  in  an  oven  35  feet  high, 
holding  12  sections  of  the  pipe,  and  baked  at  a  temperature  of 
400  to  600  degrees  Fahrenheit  for  several  hours,  the  oven  making 
two  draws  per  day.  The  pipes  were  found  to  be  evenly  coated,  and 
it  was  almost  impossible  to  tell  the  bottom  from  the  top.  The 
coating  was  very  thin,  but  absolutely  continuous  and  closely 
adherent,  not  easily  scaled  off  even  under  the  blow  of  a  hammer, 
and  withstood  transportation  and  the  work  of  landing  it  in  the 
pipe  trench  without  injury. 

The  drip  from  the  oven  was  recovered  and  used  again  by  the 
varnish  makers,  Edward  Smith  &  Co.,  Prof.  A.  H.  Sabin,  chemist 
44 
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auil  manager,  director,  who  furuisliecl  tlie  contractors  witli  all 
tho  japan  necessary,  receiving  back  all  that  was  unnsecl. 

This  baked  japan  was  removed  from  the  ends  of  the  pipe 
sections,  both  inside  and  outside,  in  a  strip  about  four  inches 
wide ;  and  when  the  pipe  had  been  joined,  riveted,  and  caulked, 
these  joint  strips  and  rivets  were  coated  with  a  compound  similar 
to  the  enamel  in  composition,  but  applied  with  a  brush,  and 
which  hardened,  Avithin  a  few  days,  into  a  tough,  black  varnish 
(  there  being  no  2)igment  in  its  composition^  that  appears  from 
the  samples  presented  to  be  only  in  a  minor  degree  inferior  to 
the  baked  japan  coating,  and  is  evidently  much  cheaper  in  its 
application.  If  the  action  of  "pitting,"  at  the  junction  of  the 
brush  compound  with  the  baked  enamel  at  the  junction  rings  of 
the  pipe  does  not  appear  after  the  lapse  of  a  few  years,  the  ideal 
anti-corrosive  or  preservative  compound  would  seem  to  have 
made  its  appearance,  even  if  skilled  supervision  is  required  for 
its  ap})li cation,  instead  of  the  haphazard  methods  in  practice  in 
the  spreading  of  ordinary  and  so-called  an ti- corrosive  paints  and 
compounds. 

Eiifjineering  News,  April  4,  1895,  page  226,  "Preservative 
Coatings  for  Steel  Pipe  on  the  Rochester  Water  Works,"  con- 
tains an  interesting  criticism,  by  Willard  D.  Lockwood,  Jr., 
A.S.C.E.,  on  Mr.  Sabin's  baked  japan  or  enamel  coating,  and 
the  "Maltlia"  coating,  as  actually  applied  to  the  pipe,  that  will 
be  read  with  interest  by  all  engineers,  as  the  comparative  merits 
and  defects  of  the  two  coatings  are  well  set  forth,  though  no 
mention  is  made  of  the  calamitous  results  attendant  on  the 
application  of  the  P.  &  B.  paint  applied  to  cover  the  defects  of 
tlie  "Maltha"  compound,  and  which  may  well  be  denominated 
as  a  ])]iase  of  engineering  rabies,  that  not  only  affected  the 
])ainters  applying  it,  but  evidently  reached  the  officials  who  en- 
force<l  its  application. 

Some  additional  data  relative  to  the  nature  of  asphaltum  will 
l>e  given  under  the  fourth  class,  as  carbon  paints. 

IllON    (JXIDE    I'AINTS.. 

The  characteristics  of  these  paint  compounds  have  been  so 
fully  set  forth  in  th(!  i)receding  papers  that  it  is  superfluous  to 
refer  to  them  in  mucli  detail  here.  Paper  598,  vol.  xv.,  i)\). 
1014-1020;  also,  paper  Gj!0,  vol.  xvi.,  pp.   1^86-408,  409.  Trmis- 
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-actio/ts  American  Society  Mechanical  Engineers  (1894,  1895), 
describes  the  chemical  action  of  these  paints  upon  the  vehicles 
witli  which  they  are  mixed  and  the  surfaces  coated  with 
them. 

The  persistency  with  which  the  iron  oxide  paint  manufac- 
turers push  their  claims  for  the  recognition  of  their  product  as 
the  only  great  preservative  compound  of  the  day  for  all  sur- 
faces, metallic  as  well  as  those  of  wood  or  mineral,  and  the 
readiness  of  some  engineers  to  accept  their  claims  without 
investigation,  notwithstanding  the  many  instances  which  these 
paints  present  of  their  failure  as  anti- corrosive  compounds,  neces- 
,sarily  requires  me  to  illustrate  some  not  otherwise  noticeable 
facts  relative  to  their  use. 

Scores  of  important  iron  structures  have  been  coated  with 
these  paints  under  the  best  conditions  of  application,  the  non- 
protective  character  of  these  compounds  being  painfully  appar- 
ent to  any  person  who  has  examined  the  Victoria  Tubular 
Bridge  over  the  St.  Lawrence  Eiver  at  Montreal ;  the  trusses 
and  lattice  iron  work  of  the  Brooklyn  Bridge  ;  the  elevated  rail- 
way structure  of  New  York  City,  notably  that  important  por- 
tion, completed  within  the  last  few  years,  which  carries  the 
^^ashiugton  Heights  and  Macomb's  Dam  roadway  over  the 
One  Hundred  and  Fifty-ninth  Street  elevated  railway  station, 
where  the  combined  effects  of  mill  scale,  iron  oxide  paint,  sea- 
air,  steam,  and  the  products  of  combustion  from  the  many 
locomotives  daily  passing  under  the  viaduct  afford  as  prominent 
an  example  of  engineering  blundering  as  the  present  decade 
has  thus  far  developed. 

So  rapidly  has  corrosion  in  the  latter  case  developed  that  it 
is  safe  to  assume  that  this  important  structure  will  succumb  to 
its  effects  within  twenty-five  years  from  the  date  of  its  erection, 
unless  some  more  drastic  remedy  is  applied  to  check  it  than 
the  dabbing  of  a  paint  brush  dipped  in  a  sixty-cents-per-gallon 
paint. 

Other  equally  prominent  examples  of  the  injurious  effect  on 
ferric  structures  of  the  use  of  these  iron  oxide  paints  could  be 
cited  if  needed  to  warn  engineers  against  their  further  use  as 
protective  coatings.  The  trade-marks  covering  these  paints 
are  numerous,  and  whether  as  kings,  princes,  potentates,  or 
other  euphonious  metallic  ])iowns,  asbestos  and  silica  com- 
binations, their  ravages  on  metallic  surfaces  are  clearly  discern- 
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ible  at  all  times,  except  immediately  after  tlie  application  of  a 
fresh  coat  to  cover  the  injuries  of  the  past  ones. 

The  color  of  these  oxide  paints  is  in  general  a  pleasing  one,, 
and  has  had  much  to  do  with  their  extensive  use.  These  colors, 
ranjjiujj  from  a  bright  red  without  a  brownish  cast  to  that  of  a 
disagreeable  purplish  hue,  are  the  result  of  the  different  pro- 
cesses of  manufacture  of  the  dry  pigment ;  different  iron  ores^ 
used  as  the  metallic  base  ;  also,  of  the  fineness  of  grinding  and 
the  admixture  of  different  amounts  of  japan  drier  and  turpen- 
tine during  the  grinding.  The  worst  offenders,  in  a  corrosive 
sense,  are  those  of  the  brightest  color,  wdiich,  being  made  from 
the  calcination  of  copperas,  contain  so  large  an  amount  of  sul^ 
phuric  acid,  not  driven  off  by  the  heat  of  calcination,  as  to  re- 
quire the  addition  of  inert  substances  to  correct  this  defect, 
notably  carbonate  of  lime,  which  is  changed  by  combining  with 
the  sulphuric  acid  present  in  the  oxide  to  a  sulphate  of  lime, 
of  itself  not  an  injurious  substance  in  a  pigment.  These  inert 
substances  (not  true  pigments)  govern  the  color  of  the  oxide 
paint  to  some  extent,  hut  the  color  is  no  criterion  of  the  purity  or 
merit  of  the  iron  oxide  pigment. 

Much  stress  is  laid  by  the  manufacturers  of  iron  oxide  paints^ 
on  the  large  quantities  sold  to  the  national  governments  of  the 
world,  for  use  on  the  many  iron  structures  committed  to  their 
care  and  preservation,  with  a  too  frequent  implication  that  no 
other  protective  covering  is  effective  ;  whereas,  there  is  scarcely 
a  government  bureau  of  construction  and  repair  in  the  whole 
world  w^hich  does  not  specially  prohibit  the  use  of  these  paints 
on  any  important  metallic  structur(3  under  their  control. 

To  such  an  extent  has  this  game  of  iron  oxide  brag  extended 
that  the  V^'rein  zur  Jjcjorderung  des  Geiverhfltisses  (or  Society  for 
the  Promotion  of  Useful  Arts),  Berlin,  Prussia,  has  offered  a 
silver  medal  and  prize  of  one  hundred  and  fifty  pounds  for  the 
best  paper  giving  a  chemical  and  physical  analysis  of  the  oxide 
of  iron  paints  in  general  use  for  anti-corrosive  purposes.  This 
paper  will  ])e  made  public  at  some  date  during  the  present  year, 
and  it  is  hoped  will  serve  as  a  text-book  to  instruct  the  rising 
corps  of  engineers  upon  the  question  of  wliat  not  to  une  to  pre- 
vent corrosion  in  metallic  bodies. 

The  specifications  fr;r  iron  oxide  paints  mixed  ready  for 
spreading,  in  use  by  many  of  the  leading  lines  of  railway  in  the 
United  States  for  their  freight  car  and  wooden  structural  work — 
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also  used,  with  some  modification  in  color,  for  the  covering  of 
iron  trusses,  bridges,  roofs,  and  other  metallic  work ;  also 
adopted  by  many  bridge  builders  and  iron  structural  manu- 
facturers, architects,  and  others  to  coat  their  work  before  erec- 
tion and  when  in  place — are  generally  about  as  follows  : 

Pigment,  75  per  cent.;  liquid,  25  per  cent.;  both  by  weight. 
The  pigment  to  be  composed  of  sesquioxide  of  iron,  50  per  cent.; 
carbonate  of  lime,  5  per  cent. ;  fully  hydrated  gypsum,  45  per 
cent.  If  the  sesquioxide  of  iron  is  less  than  40  per  cent.,  or  the 
liquid  less  than  23  or  more  than  27  per  cent.,  the  sample  is  re- 
jected ;  also  if  it  contains  less  than  2  or  more  than  5  per  cent, 
of  carbonate  of  lime  uncombined ;  also  if  more  than  2  per  cent, 
of  volatile  matter  be  found  in  the  oil  when'dried  at  250  degrees 
F.  If  barytes  or  other  inert  substances,  color,  or  material 
less  opaque  than  sulphate  of  lime  is  found,  the  sample  is  re- 
jected. Even  with  so  large  a  quantity  of  inert  material  as  given 
above,  or  50  per  cent,  of  the  pigment,  these  oxide  paints  have 
good  covering  poAver,  and  are  still  so  strong  in  oxidizing  quali- 
ties as  to  materially  hasten  the  decomposition  of  the  oil  and 
shorten  the  life  of  the  paint.  The  practice  of  master  painters 
and  color  chemists  is  from  year  to  year  to  lower  the  amount  of 
sesquioxide  of  iron  in  the  pigment,  and  if  another  5  per  cent, 
was  taken  out  of  the  above  proportions,  the  paint,  so  far  as  its 
application  to  iron  structures  is  concerned,  would  be  materially 
improved. 

A  proportion  by  volume  of  35  to  30  per  cent,  of  pigment  and 
65  to  70  per  cent,  of  liquid  gives  a  good  result  with  nearly  all 
paints. 

If  to  each  gallon  of  oil  there  be  added  as  much  dry  pigment 
as  four  times  the  specific  gravity  of  the  pigment,  the  different 
amounts  of  pigments  which  a  gallon  of  oil  will  require  to  form  a 
good  spreading  and  covering  paint  will  be  as  follows  :  Dry  white 
lead,  26.4  lbs.;  dry  white  zinc,  21.2  lbs.;  Indian  red,  20  lbs.; 
yellow  ochre,  12  lbs.;  umber,  11.84  lbs.;  bone  black,  10.4  lbs.; 
freight-car  color,  9.20  lbs.;  the  percentages  of  the  above  being 
67.40  per  cent,  by  volume  of  liquid  and  32.60  per  cent,  of  pig- 
ment. Or,  if  the  white  lead  was  mixed  as  a  paste,  one  gallon 
of  oil  would  require  41.80  lbs.  of  white  lead  paste  to  spread 
well. 

The  reluctance  of  the  principal  manufacturers  of  iron  oxide 
paints  to  furnish  the  public  with  correct  analyses  of  their  prod- 
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net,  either  as  dry  pigments,  paste,  or  color,  is  nearly  equalled 
by  their  readiness  in  quoting  the  low  price  at  which  it  can  be 
obtained  in  comparison  with  red  lead  and  other  pigments. 

A  noteworthy  example  to  the  contrary  is  found,  however,  in 
the  data  furnished  by  the  Prince  Manufacturing  Company,  who 
give  the  analysis  of  their  Prince  Bros.'  mineral  brown  paint, 
viz.: 

TiToxide  of  iron,  FejOs 52.11 

Carbonate  of  lime 0,23 

Silica 46.03 

Moisture 1 .  o9 

Loss 0-04 

100.00 

They  also  furnish  the  following  data,  not  known  generally  to 
engineers,  wliicli  is  of  interest  enough  to  place  upon  record  : 

Prince  Bros.'  mineral  brown  may  be  used  as  an  effective  sub- 
stitute for  the  Bower-Barff  process  upon  iron  and  steel  which  can 
be  heated  to  a  bright  red,  by  simply  mixing  the  pigment  with 
/•mn  oil  (which  costs  about  15  cents  per  gallon),  and  painting 
the  mixture  upon  the  iron,  then  heating  it  to  a  bright  red.  The 
oil  burns  off,  the  peroxide  of  iron  melts  into  the  black  or  mag- 
netic oxide  or  rustless  coating,  the  silica  in  the  pigment  acting 
as  a  flux,  and  becomes  a  part  of  the  iron  itself.  No  gas,  steam, 
or  muffles  are  necessary  in  the  process  ;  it  is  required  only  to 
heat  the  article  coated  with  the  above  composition ;  the  cost  is 
only  nominal  for  the  pigment  and  oil.  This  effect  is  easily 
shown  by  thus  coating  a  piece  of  iron  and  heating  it  in  a  common 
stove  or  grate-fire.  The  process  is  not  patented,  but  is  quite 
as  effective  and  more  meritorious  than  many  of  the  preservative 
processes  that  are  thus  honored. 

A  paper  presented  by  Mr.  Emil  Gerber,  Member  A.  S.  C.  E., 
at  their  May  meeting,  New  York  city,  1895,  "Preservation  of 
Iron  Structures  exposed  to  Weather,"  gives  the  result  of  a  per- 
Honal  examination  of  a  number  of  iron  bridges  and  structures 
coated  witli  iron  oxide  and  other  paints,  and  compares  their  con- 
dition witli  eac4i  other.  It  is  the  strongest  and  best  presenta- 
tion of  the  merits  of  iron  oxide  paints  ever  published  and  will 
{^ve  great  satisfaction  to  those  who  believe  in  that  sort  of  a  pig- 
ment. 

Mr.  ClerV)er's  examinations  were  confined  to  iron  structures 
erected  at  inJawl  jfointH,  and  in  a  suljsequent  communication  he 
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infers  that,  for  structures  exposed  to  sea-air,  the  use  of  red  lead, 
or  some  other  paint  compound,  might  give  a  better  protective 
result  than  tlie  iron  oxide  paint.  This  appears  to  be  a  singular 
deduction,  as  it  seems  to  the  writer  that  any  paint  which  will 
resist  the  corroding  effects  of  sea-air  would  also  be  the  better 
one  to  use  on  inland  structures,  even  if  the  cost  of  the  paint  was 
the  governing  factor  in  the  case. 

A  query  arises  here,  At  what  parallel  of  latitude  or  degree  of 
longitude  the  line  of  useful  paint  effect  should  be  drawn  in 
determining  what  paint  to  use  to  protect  the  structure  ? 

The  iron  oxide  paints  used  on  the  structures  examined  by 
Mr.  Gerber  appear  to  have  been  made  from  a  red  hematite 
ore,  prepai'ed  without  roasting  by  simply  being  ground  fine,  and 
mixed  with  boiled  linseed  oil  at  the  point  where  it  was  used. 
Its  color  was  a  brown  purple.  The  chemical  composition  of  the 
pigment,  from  an  analysis  submitted  by  the  manufacturers,  and 
one  from  an  independent  source,  is  of  interest,  as  showing  the 
sublime  faith  of  the  advocates  of  iron  oxide  in  the  protective 
qualities  of  comparatively  a  pure  iron,  minted  into  a  paint  and 
spread  over  another  ferric  body  to  preserve  it  from  corrosion. 


Substances  in  the  Pigment. 


Sesquioxide    of   iron,    Fe203,    tlie    cLemical  [ 
equivalents  beingTOff  iron  and  W%  oxygen,  j 

f^ilica 

Alumina 

l^ime 

Organic  and  volatile 

Magnesia  . 

Sulphur 

Loss 


Manufacturers' 
Analysis. 


R.  W.  Hunt  &  Co. '8 

I  Analj'?is. 


93.68 

3.20 
3.06 
0.00 
0.00 
0.00 
trace 
0.06 


100.00 


93.40 

3.36 

1.69 

0.84 

0.85 

0.48 

0.029 

0.351 

100.00 


A  comparison  of  this  pigment  with  the  specifications  men- 
tioned above  (p.  685)  may  account  for  the  anxiety  manifested  by 
the  bridge  engineers  at  the  appearance  of  corrosion  on  the  struc- 
tures erected  by  them,  the  preservation  of  which,  by  the  use 
of  a  paint  of  t/wlr  oion  selection,  was  supposed  to  be  of  import- 
ance enough  to  warrant  an  effort  to  secure  the  best  result  from 
a  protective  coating  at  least  commensurate  with  the  engineering 
ability  expended  upon  the  design  and  erection  of  the  structure. 

Mr.  Gerber   cites,  that   a  number   of  analyses   of  iron   oxide 
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paints,  ordered  from  the  same  manufacturers  at  different  times, 
varied  so  greatly  in  the  composition  of  the  pigment  and  the 
wearintT  qualities  of  the  paint  as  to  finally  warrant  their  rejec- 
tion ;  that  the  exact  composition  of  the  paints  when  applied 
was  unknown,  and  when  the  early  decay  of  the  paint  was  mani- 
fest no  records  were  available  to  prevent  a  repetition  of  the  fail- 
ure. And  the  writer  adds,  neither  was  there  any  confession  on 
the  part  of  the  engineer  as  to  how  far  the  element  of  "  Cheap 
John  "  had  entered  into  the  selection  of  the  paint  and  its  appli- 
cation. 

A  comparison  of  Mr.  Gerber's  deductions  with  the  results  ob- 
tained by  the  use  of  graphite  pigments,  as  per  samples  presented 
for  examination  at  this  meeting,  will  be  of  interest  to  the  mem- 
bers of  the  A.  S.  M.  E.,  and  may  prove  a  partial  solution  of  the 
vexed  question,  "  What  is  the  best  pigment  to  use  to  prevent 
corrosion?"  and  will  do  much  to  remove  the  matter  from  one 
of  argument  and  experiment  to  that  of  practical  use. 

ZINC   AND   LEAD    OXIDES. 

Oxide  of  zinc  or  zinc  loMte. — This  pigment  as  a  preventive  of 
the  corrosion  of  iron  is  in  a  great  measure  removed  from  con- 
sideration, notwithstanding  its  cheapness  and  desirable  color. 
Its  tendency  to  peel  or  flake  off  from  metallic  surfaces,  its  early 
decomposition  when  exposed  to  external  atmospheric  influences, 
and  its  tendency  to  form  with  the  oil  a  zinc  soap  compound  which 
is  easily  washed  away — all  these  difficulties  combined  have  ren- 
dered its  use  of  the  most  unsatisfactory  character. 

Mixed  in  equal  parts  with  white  lead  and  ground  with  pure 
boiled  or  raw  linseed  oil,  its  use  is  in  a  measure  satisfactory  for 
house  painting,  either  for  inside  or  external  work.  So  combined, 
its  use  is  very  general  in  all  of  the  tinted  or  colored  paints  which 
crowd  the  market  under  many  trade-mark  names,  with  varying 
qualities  of  usefulness  and  durability. 

Wlion  mixed  with  the  red  oxide  of  lead  in  the  proportions  of 
one  quarter  to  one-third  zinc  to  three-quarters  or  two-thirds 
red  lea^l,  an<l  ground  tr)gether  in  raw  linseed  oil,  it  forms  a  very 
durable  and  effective  coating  for  iron  surfaces,  either  as  a  pro- 
te(!tion  from  corrosion,  or  as  an  anti-fouling  compound  for  sur- 
faces wetted  in  sea-water.  (See  Tranmctions  A.  S.  M.  E.,  vol.  xvi.^ 
pp.  400  408,  Keport  of  Paint  Tests,  U.  S.  Navy,  1885.)  When 
8o  mixed,  the  *'  setting  "  action  of  the  red  lead  is  delayed,  about 
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the  same  as  when  lamp-black  is  mixed  with  red  lead.  An  ounce 
of  lamp-black  to  a  pound  of  red  lead  delays  the  setting  of  the 
red  lead  paste  some  thirty  days.  Japan  driers  can  be  added  at 
the  time  the  oil  is  added  to  thin  the  paint  for  application,  in 
order  to  make  the  paint  quick-drying. 

WHITE  LEAD  (H  YD  RATED  CARBONATE  OF  LEAD),  SUBLIMED  LEAD  (PbSO^), 
LEAD  OXIDES,  RED  LEAD  (mINIUM),  PYROLUSITE,  MnO,  (OR  MAN- 
GANESE  DIOXIDE    ore). 

White  Lead. — Hydrated  Carbonate  of  Lead.  The  native  anhy- 
drous carbonate  is  also  called  white  lead  ore  or  cerusite,  PbCOg, 
specific  gravity  i].4i65  to  6.480,  and  is  found  in  various  parts  of 
the  world. 

There  are  two  methods  of  preparing  white  lead  pigment.  In 
the  older  or  Dutch  method,  thin  sheets  of  lead  are  placed  over 
gallipots  containing  a  weak  acetic  acid  (water  with  2]  per  cent, 
of  strong  acid),  ilie  pots  being  imbedded  in  fermenting  tan-bark, 
the  temperature  of  which  varies  from  14:n  to  150  degrees  F. 
A  quantity  of  vinegar,  containing  not  more  than  50  pounds  of 
strong  acetic  acid,  converts  2  to  2!. tons  of  sheet  lead  into  the 
carbonate  in  a  few  weeks.  The  lead  is  neither  oxidized  nor 
carbonated  at  the  expense  of  the  acetic  acid.  The  oxygen  is 
derived  from  the  air,  and  the  carbonic  acid  from  the  fermenting 
tan-bark.  The  acid  serves  to  dissolve  the  oxide  of  lead  and 
convert  it  into  a  basic  acetate,  which  is  easily  decomposed  by 
carbonic  acid,  the  acetic  acid  being  thereby  set  free  to  act  upon 
another  ])ortion  of  the  oxide  of  lead. 

This  is  shown  to  be  its  mode  of  action  by  what  takes  place  in 
the  more  modern  process,  in  which  oxide  of  lead  {lid/arr/e,  the 
scum  of  silver  ore,  called  also  ruassi-of)  is  mixed  with  water 
and  about  one  per  cent,  of  neutral  acetate  of  lead — sugar  of  lead 
(C_H:;Oj  i2Pb  or  Pb  0,C,HoO,.! — and  carbonic  acid  gas  is  passed 
over  it.  In  this  manner  the  oxide  is  quickly  converted  into 
excellent  white  lead. 

The  nitrate  of  lead  has  also  been  employed  in  this  process 
instead  of  the  acetate.  White  lead  is  often  mixed  with  barytes, 
gypsum,  and  oxide  of  zinc  to  render  it  less  liable  to  be  black- 
ened by  the  action  of  sulphuretted  hydrogen  ;  the  addition  of 
whiting,  sulphate  of  lime,  and  other  of  the  inert  pigments  being 
readily  detected  by  the  change  in  its  specific  gravity  when  dry, 
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an  J  by  various  methods  of  analysis  when  ground  in  oil  either  as 
a  paste  or  a  paint.  A  comparison  of  its  combining  power  with 
oil  as  compared  with  other  pigments  is  given  elsewhere. 

White  lead,  when  pure  and  carefully  ground  with  pure  oil, . 
witliout  drier,  and  allowed  to  take  its  time  to  dry  thoroughly 
before  another  or  the  second  coat  is  applied,  forms  a  very  effect- 
ive coating  to  prevent  decay  in  wooden  structures  or  corrosion 
in  iron.  The  pigment  being  held  to  the  surface  coated  by  its 
combination  with  the  liquid,  the  oxidation  of  the  oil  from 
atmospheric  exposure  leaves  the  pigment  free  to  come  away  as. 
a  fine  powder ;  and  in  cases  where  the  paint  has  been  exposed 
for  a  long  period  without  being  dressed  with  a  coat  of  oil,  the 
pigment  will  be  found  to  be  quite  easily  removed  by  passing  the 
liand  over  it. 

When  protected  from  the  direct  action  of  the  elements  and 
the  sun,  as  on  the  under  side  of  cornices,  etc.,  the  paint  will  be 
found  hard  and  resistant  after  the  lapse  of  many  years.  Its 
color  readily  shows  the  progress  of  any  decay  or  corrosion  be- 
neath it,  and  this  virtue  alone  causes  its  rejection  as  a  protective 
coating,  even  if  the  cost  of  it  was  of  no  consideration. 

Many  instances  of  its  effectiveness  as  applied  to  iron  to  pre- 
vent  corrosion  can  be  cited.  One  of  them,  from  the  prominence 
of  the  circumstances,  is  here  given  (restated  from  vol.  xv.,  p.. 
1015) : 

The  iron  material  in  the  old  Hammersmith  Bridge  across  the 
Thames  at  London,  Eng.,  was  bought  to  use  as  false  work  at 
the  new  Forth  Bridge,  Scotland.  The  iroi^,  after  sixty-two  yeara 
of  service,  was  as  good  as  new.  Many  of  the  parts  were  inac- 
cessible, and  had  not  been  repainted  since  their  erection.  Pure 
wliite  load  paint  was  what  had  preserved  them. 

Light-hcmses,  bea(;ons,  and  signal  stations  at  numerous  points 
on  the  coast  in  m11  parts  of  tlie  world  show,  even  in  their  exposed 
positions,  the  protective  power  of  good  white  lead  paint.  A  con- 
dition precedent  to  its  application  should  be  the  removal  of  all 
8cale  and  grc^asf},  an  absolutely  dry  and  clean  surface,  and  a 
clear,  ))right  atiiiosplieric  condition  during  the  drying. 

Sulphite  of  Leai>.— P])SO,,  prepared  by  the  double  decom-  , 
position,  or  by  passing  sulpliurous  oxide  into  a  solution  of  neu- 
tral plumbic   acetate,   lias   l>een   proposed  as   a  substitute    for 
white  lead.      It  is  a  wliite,  insoluble,  anhydrous   powder,  which, 
when  heated,  gives  off  sulphurous  oxide  and  leaves  a  mixture  of 
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sulphate  aud  sulphide.  There  is  no  record  of  its  qualities  as  a 
protective  agent  ou  any  structure  that  would  lead  to  its  general 
use  in  preference  to  white  lead. 

Sublimed  Lead,  PbSO,  (White  Paint). — A  new  preparation 
of  lead,  a  by-product  obtained  in  the  smelting  of  non-argentifer- 
ous lead  ore,  is  coming  into  prominence  as  a  substitute  for 
corroded  white  lead  prepared  by  the  Dutch  process  as  a  pig- 
ment. It  is  also  known  in  the  trade  as  Joplin  lead,  from  its 
place  of  manufacture,  Joplin,  Mo. ;  also  as  Picher  lead,  from 
the  name  of  the  manufacturing  company.  It  is  made  in  two 
colors :  white,  used  for  all  colors  incident  to  the  use  of  ordinary 
white  carbonate  of  lead  ;  and  blue,  which  is  a  preferable  color 
when  used  as  a  pigment  for  iron,  or  as  a  material  in  the  manu- 
facture of  rubber,  etc.  Whatever  good  qualities  the  white  has, 
are  also  shared  by  the  blue.  The  chemical  composition  of  sub- 
limed white  lead  is  a  sulphate  and  an  anhydrous  oxide  of  lead, 
both  amorphous.  Incidentally,  there  is  a  small  percentage  of 
zinc  oxide  in  the  pigment,  the  Missouri  lead  ores  containing  a 
small  amount  of  zinc  :  but  it  is  generally  conceded  that  the  zinc 
oxide  is  no  detriment  to  the  lead  pigment. 

The  sublimed  lead  is  prepared  in  special  furnaces,  in  which 
the  mineral  is  roasted,  and  is  one  of  the  products  of  sublimation 
and  partial  oxidation  of  galena  ore  with  hitKiniuous  coal  as  a 
fuel,  and  owes  its  dark  color  to  the  lead  sulphide  and  carbona- 
ceous matter  in  it.  The  galena  ore  is  first  smelted  with  raw  coal 
and  slacked  lime  in  a  furnace,  using  an  air-blast  to  obtain  the 
required  heat ;  the  hotter  the  fire  the  more  lead  is  volatilized,  and 
the  more  "  fume  "  is  produced.  The  products  of  this  smelting 
are  pig-lead,  pasty  slags  containing  more  or  less  lead,  zinc,  and 
other  constituents  of  the  galena  ore,  and  the  "  fume."  The  lat- 
ter is  drawn  off  by  an  exhaust  fan  through  a  settling  chamber 
to  a  bag  house,  which  contains  a  large  number  of  woollen  bags 
for  filtering  the  fume  out  of  the  gases.  This  ''  fume  "  is  a  lead- 
colored,  impalpable  powder  known  as  "blue  powder."  It  is 
ignited  and  allowed  to  burn  for  several  hours,  which  converts  it 
into  white,  coherent  crusts.  These  crusts,  with  some  oxidized 
ores  and  hearth  slags,  are  next  charged  into  a  special  furnace 
with  a  very  hot  coke  fire.  The  products  of  this  smelting  are 
pig-lead,  slags  poor  enough  in  lead  to  be  thrown  away,  and  the 
"  fume,"  which  in  this  case  is  perfectly  white  and  in  a  fine  state 
of  subdivision,  suitable  for  a  white  pigment,  and  is  sold  as  such, 
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eitliov  Jrv  or  j^roimJ  in  oil,  as  is  usual  with  carbonate  or  wliite- 
lea-vl  products. 

The  process  is  the  same  in  principle  as  used  in  collecting  the 
oxide  of  zinc  for  use  as  a  paint.  The  use  of  "  fume  "  from  the 
smelting  of  lead  for  a  paint  is  very  old ;  Bishop  Watkins,  in  his 
scientific  writings  in  1778,  mentions  the  use  of  the  gray  fume, 
hut  its  color  was  then  objectionable. 

An  analysis  of  some  samples  of  the  white  powder  gave — 

Insoluble 0.08  0.08 

PbSO, 65.46  65.00 

Pbo 25.85  25.89 

ZnO 5.95  6. 02 

Fe,03 0.03  0.03 

CaO 0.03  0.02 

CO, 1.53  2.00 

S0„ 0.04  None 

H.,o 0.69  0.85 

99.65        99.89 

Some  4,000  to  5,000  tons  are  yearly  manufactured  by  the 
Picher  Lead  Company,  Joplin,  Mo.,  the  sale  of  the  sublimed 
lead  as  a  by-product  enabling  their  smelters  to  be  kept  in  opera- 
tion while  the  surrounding  smelting  works  were  closed  on  ac- 
count of  the  low  price  of  pig-lead. 

The  process  is  patented,  and  known  as  the  "  Lewis  and  Bart- 
lett  Bag-Process  of  collecting  lead  fumes,"  and  has  been  men- 
tioned and  more  or  less  described  as  follows : 

Mineral  Ihsourres  of  the  United  States,  1883-4,  p.  427  ;  Emji- 
nefrnKj,  1884,  p.  495  ;  Engineering  and  Mining  Journal,  vol.  xl. 
•  1885),  p.  4;  li.  II  1,(1  IL  Zntimg,  voL  xlvii.,  p.  346  (describes 
the  works  of  the  Bristol  Sublimed  Lead  Company,  Bristol,  Eng- 
land, where  the  process  is  in  operation) ;  Prera.ss  Zeitsch,  vol. 
xviii ,  p.  195  ;  Frt^cvJns  Zeiti«'h,  vol.  viii.,  p.  148  ;  Tranmctions  of 
lhf>  Anifirirjm  /n-stHnic  o/'  Mining  Engineers  (Washington  meeting, 
February,  1890 1.  illustrated. 

TIh'  product  is  sold  under  strong  guarantees  as  to  quality 
jin<l  merit  Ijy  the  Picher  Lead  Company,  Joplin,  Mo.  It  is 
claimed  that  it  is  but  little  if  any  afiected  by  ammonia  or  sul- 
phur fumes,  products  of  combustion,  etc.,  and  that  it  does  not 
crack  or  peel  when  applied  to  metallic  or  mineral  surfaces.  Its 
covering  j^ower  is  good,  and,  judging  from  the  .samples  presented 
to  this  mftfting,  it  appears  to  be;  aV)le   to  withstand  the  gnawing 
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iootli  of  time  as  well,  if  not  better,  than  auy  proposed  substi- 
tute for  white  or  red  lead  which  has  yet  been  presented  for  the 
consideration  of  engineers. 

The  samples  in  the  bottles  are  the  dry  powders  of  the  white 
and  of  the  blue  pigments.  The  sample  of  iron  piping  is  painted 
on  one  end  with  tivo  coats  of  red  lead,  and  on  the  other  end  with 
one  coat  of  the  blue  lead  pigment,  to  contrast  the  covering 
jiowers. 

The  samples  of  wood  coatings  are  from  a  new  picket  fence, 
painted  in  1892.  Two  alternate  pickets  in  the  fence  were 
painted  with  the  best  corroded  white  lead  and  with  the  sub- 
limed lead,  upon  the  same  day,  by  the  same  painter,  using  the 
same  oil  in  both  kinds  of  paint,  applied  with  separate  brushes, 
from  separate  paint  pots,  and  care  taken  to  have  all  the  condi- 
tions as  uniform  and  unbiassed  as  possible.  The  appearance  of 
all  the  samples  is  decidedly  in  favor  of  the  sublimed  lead. 

I  am  under  obligations  to  C.  V.  Petraeus,  chemist  and  metal- 
lurgist at  Joplin,  Mo.,  for  the  samples  presented  and  a  descrip- 
tion of  the  process  and  works  of  the  company. 

Eed  Oxide  of  Lead,  Pb,,0,  (Minium). — This  oxide  is  found 
native  in  various  parts  of  the  world,  mixed  with  other  ores  of 
lead,  and  probably  resulting  from  their  oxidation.  In  some 
localities  it  accompanies  cerusite  or  white  lead  ore. 

When  prepared  for  analysis,  or  when  the  commercial  article 
is  freed  from  the  protoxide  by  digestion  with  a  solution  of 
acetate  of  lead,  it  contains  90.63  per  cent,  of  lead,  and  9.37  per 
cent,  oxygen,  numbers  agreeing  exactly  with  the  formula  Pb/),. 
It  may  be  regarded  either  as  a  compound  of  the  protoxide 
and  peroxide  of  lead,  PbO.PbO.,,  or  perhaps  of  the  protoxide 
and  sesquioxide,  PbO.Pb.,0.,  analagous  to  the  magnetic  oxide 
of  iron.     Its  specific  gravity  ranges  from  8.6  to  8.94. 

The  commercial  red  oxide  of  lead  is  formed  when  the  pro- 
toxide is  kept  at  a  low  red  heat  for  a  considerable  time  in  contact 
with  the  air  ;  also,  after  the  previous  formation  of  hydrated 
protoxide  and  basic  carbonate  of  lead,  when  lead  shavings  are 
strewn  upon  water,  the  vessel  being  loosely  covered  and  set 
aside  for  some  months,  the  formation  of  red  lead  taking  place 
upon  the  surfaces  of  the  lead  exposed  to  the  air. 

It  is  largely  manufactured  in  England  in  specially  constructed 
furnaces,  on  the  hearth  of  which  the  lead  is  melted  and  kept  at 
a  low  red  heat,  and  continually  stirred   to  allow  oxidation  to 
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occur.  The  ina.<tsw(>t  so  formed  ilnring  the  twenty-f(^nr  hours  of 
exposure  to  the  lieat  is  taken  out,  ground  to  a  line  powder  and 
washed,  and  again  exposed  in  the  same  furnace  for  forty-eight 
liours  to  the  same  low  red  heat,  until  a  sample  taken  out  appears 
a  dark  red  while  hot,  and  a  bright  red  wdien  cooling.  The 
furnace  is  then  closed  and  left  to  cool  slowly,  a  condition  most 
essential  to  the  success  of  the  operation. 

In  Germany,  the  conversion  of  the  massicot  into  red  lead  is 
effected  not  upon  a  hearth,  but  in  a  peculiar  barrel-shaped  ves- 
sel open  at  both  ends.  It  is  sometimes  necessary  to  repeat  the 
operation  by  the  German  method  to  improve  the  color. 

The  carbonate  of  lead,  PbCO,,  may  also  be  used  instead  of 
the  massicot  for  conversion  into  red  lead ;  but  when  the  temper- 
ature is  properly  regulated,  another  pigment  is  obtained,  calleil 
orange  lead.  Eed  lead  thus  prepared,  which,  however,  retains, 
a  little  carbonic  acid,  is  a  pigment  known  as  Paris  red. 

There  are  other  methods  for  preparing  red  lead  in  small  quan- 
tities, not  necessary  to  describe,  as  the  principal  methods  for 
furnishing  the  commercial  article  are  by  the  above  processes. 

Commercial  red  lead  contains  all  of  the  foreign  metallic  oxides- 
— such  as  the  oxides  of  silver,  copper,  and  iron — with  wdiicli  the 
mfissirot  or  lifJiarfje  used  in  preparing  it  is  contaminated.  It  ii> 
also  adulterated  with  red  oxide  of  iron,  boles,  or  brick-dust  ; 
tliese  substances  remain  undissolved  when  the  red  lead  is 
digested  in  warm  dilute  nitric  acid  ;  boiling  hydrochloric  acid  ex- 
tracts the  sesquioxide  of  iron  from  the  residue.  When  red  lead 
thus  adulterated  is  ignited,  there  remains  a  mixture  of  yellow 
h-ad  oxide  and  the  red  substances  w^hich  have  been  added  to  it. 

The  use  of  red  lead  as  a  pigment  is  possil)ly  of  earlier  origin 
tlian  any  of  the  oxides  of  iron,  ochres,  and  other  substances, 
natural  or  artificial,  of  which  we  have  any  record,  unless  it  be 
asphaltum  or  lamp-black.  The  many  miscellaneous  pigments 
wliich  have  come  forward,  been  tried,  and  found  wanting  in  some 
one  or  otlier  of  the  (jualities  which  constitute  a  good  paint  are 
ahnost  numberless.  There  is  no  other  color  pigment  whose  use 
as  a  protective  covering  to  wood,  l)rick,  stone,  or  metal  has  been 
Ko  uniformly  satisfactory  and  successful  as  red  lead,  and  any 
faibire  to  fulfil  its  mission  can  be  traced  directly  to  some  agency 
foreign  to  the  lead  itself,  used  either  in  its  preparation  or  in  th& 
methods  of  its  appli(!ation. 

The  characteristics  of  red  h^ad,  its  application,  and  other  qual- 
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ities  as  a  preservative  coating  for  ferric  and  other  surfaces  have 
heen  so  fully  set  forth  in  a  previous  paper  (Montreal  meeting, 
June,  1894:,  TrcwHwivms  A.  S.  M.  E.,  vol.  xv.,  pp.  1013-102'2) 
that  it  is  unnecessary  to  repeat  them  here. 

Mention  is  made  (same  volume,  pp.  1027-1028)  of  the  experi- 
ments of  Sir  William  Thompson  upon  the  effect  of  manganese 
dioxide  ore  ( pyrolusite,  MnO.)  as  a  pigment  for  the  preservation 
of  iron.  Experiments  still  continue  upon  this  substance,  the 
merits  of  which  are  quite  fully  set  forth  in  the  claims  of  the 
English  patent,  No.  22,338,  November  22,  1892.  Several  other 
substances  also  possess  this  magnetic-oxide-forming  power  upon 
the  surface  of  ferricbodies — viz.:  scarlet  lead  chromate,  the  chlo- 
rates and  bichromate  of  potash — but  none  of  them  to  the  same  re- 
markable degree  as  pyrolusite,  which  can  be  produced  in  quan- 
tities to  warrant  its  use  as  a  pigment.  It  is  strong  enough  in 
covering  power  and  oxidizing  qualities  to  warrant  the  admixture 
of  other  pigments  which  do  not  possess  this  mafineticoxide-fonn- 
inrj  poicer,  to  allow  for  any  change  in  the  natural  color  of  the 
manganese,  which  is  a  dark  steel  gray,  sometimes  bluish  ;  other 
samples  are  an  iron  black.  Its  specific  gravity  is  4.819  to  4.97 
when  pure.    Analysis  of  a  number  of  samples  of  pyrolusite  yield — 

Red  oxide  of  manganese 84.05  to  87.00 

Oxygen 14.58  to  11,45 

Sesquioxide  of  iron 1.30  to    0.40 

Alumina 0.30  to    0.00 

Baryta 0.67  to    1.20 

Lime Traces 

Silica 0.80  to    0.51 

Water 5.80  to    1.12 

The  inert  pigments  in  the  manganese  ore  are  so  small  in 
amount  that  they  are  not  detrimental  to  the  pigment.  The 
sesquioxide  of  iron  is  readily  removed  if  desired,  but  so  far  as 
the  experience  with  the  manganese  pigment  has  gone,  the  iron 
has  not  been  found  to  exert  any  unfavorable  result.  Like  many 
other  instances  in  nature,  its  oxidizing  effect  appears  to  be 
dominated  by  the  oxide  of  manganese,  which  produces  the  first 
change  on  the  surface  of  the  iron  in  the  form  of  the  black  or 
magnetic  oxide,  but  does  not  take  the  second  step,  or  change  to 
the  sesquioxide  or  scaling  point. 

The  combination  of  red  lead  and  manganese  dioxide  pigments 
appears  to  be  favorable  to  each  other.     The  manganese  does  not 
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possess  the  setting  power  wliicli  red  lead  has  to  perfection  ;  the 
presence  of  the  manganese  retards  this  setting  power,  and 
enables  the  combined  pasie  to  be  kept  for  some  thirty  days 
without  hardening,  much  as  the  presence  of  lamp-black  does 
with  red  lead,  viz.: 

One  ounce  of  lamp-black  added  to  one  pound  of  red  lead, 
and  mixed  together  dry  before  the  oil  is  added,  changes  the 
color  to  a  deep  chocolate,  and  prevents  the  red  lead  from  taking 
its  initial  set  with  linseed  oil  as  quickly  as  when  mixed  wdth 
oil  alone.  This  compound  will  remain  mixed  in  a  paste  form 
for  thirty  days  without  hardening.  If  rapid  drying  of  either 
the  manganese  or  lamp-black  compounds  is  desired,  japan 
drier  can  be  mixed  with  the  oil  used  to  thin  the  paste  before 
ap})lication  with  the  brush. 

This  magnetic-oxide -forming  power  in  the  above  named  pig- 
ment is  very  obscure,  and  being  comparatively  a  recent  discovery, 
has  not  received  the  attention  which  its  importance  demands. 
AVe  are  cognizant,  however,  of  the  fact  that  it  exists,  and  the 
])igments  which  have  this  unknown  power,  in  themselves  alone 
or  in  combination  with  each  other,  may  be  properly  classed  as 
//ifujupfir  oxv/e  painfs  in  distinction  from  those  called  von-corro- 
sii'r  in  the  trade  definition  of  that  term.  These  magnetic  oxide 
paints  appear  to  be  passive  to  the  chemical  changes  which  attend 
the  drying  of  paint  so  far  as  oxidizing  the  organic  matter  in  the 
licjuid  or  oil  after  it  has  set  or  dried  thoroughly. 

The  formation  of  magnetic  oxide  upon  the  surface  of  iron  and 
fiteel  by  the  action  of  manganese  is  of  extensive  application  in 
tlie  arts,  wliere  finished  articles  in  iron  or  steel  are  plunged  into 
a  ])ath  of  melted  nitre  containing  a  small  amount  of  the  per- 
oxide of  manganese,  and,  after  but  a  short  exposure,  the  articles 
become  oxidized  with  a  permanent  coating  of  a  deep  bronze 
color,  which  sustains  mechanical  injury,  such  as  blows  or  hard 
rubbing  with  a  cloth,  and  are  impervious  to  attack  from  ordi- 
nar}'  atmoHi)heric  conditions. 

CARBON   PAINTS— ASPHALTUM,  GRAPHITE,  AND   LAMP-BLACK. 

The  fouith  class  of  preservative  pigments — viz.:  asphaltum 
paint,  in  contradistinction  to  asphalt  coatings  as  referred  to  here- 
tofore <page  ^>70),  grapliite,  and  lamp-black — constitute  the  ('<tr- 
fff}ii  fjrffup,  whose  characteristics  are  as  strongly  marked  as  either 
of   the    three  preceding  ones,  and  exceed  them  in    respect  of 
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not  being  reduced  to  a  lower  plane  of  resistance  to  decay  by 
oxidation  (or  slow  combustion),  and,  it  may  also  be  said,  of  ex- 
istence, by  quick  combustion  or  fire. 

Carbon  as  an  elementary  substance  remains  unchanged 
through  all  the  centuries,  and  when  combined  to  a  greater  or 
less  extent  with  organic  matter  subject  to  decay,  it  asserts  its 
rights  as  a  preservative  agent  and  ensures  a  long  life  to  any  sub- 
stance with  which  it  is  compounded  or  placed  in  contact. 

The  bricks  which  formed  the  hanging  gardens  and  walls  of 
Babylon  and  other  Cities  of  the  Plains  thousands  of  years  ago 
were  bonded  by  natural  bitumen  or  asphaltum,  the  thin  layers 
and  coatings  of  which  are  found  to-day,  unchanged,  in  vast  quan- 
tities, in  the  soil,  while  the  brick  and  stone  which  they  bonded 
have  perished. 

There  is  trustworthy  evidence  that  the  Egyptians  and  earlier 
laces  of  mankind  understood  the  art  of  preparing  this  natural 
product  so  that  it  could  be  applied  cold  with  a  brush  as  a  paint 
instead  of  as  a  coating  applied  with  a  trowel  or  mop.  What  the 
liquid  or  vehicle  was  which  was  mixed  with  the  bitumen  when 
it  was  used  as  a  paint  there  is  no  evidence  other  than  the 
assumption  that  it  was  linseed  oil,  as  the  use  of  linen  for  gar- 
ments was  universal,  and  of  oil  for  food,  the  latter  being  made 
from  olives  and  other  vegetable  products  by  placing  them  in  a 
bag  and  subjecting  them  to  pressure  by  piling  stones  upon  it. 
The  presence  of  the  flaxseed  led  to  the  extraction  of  its  oil  for 
food  ;  the  siccative  nature  of  the  oil,  being  soon  apparent,  natur- 
ally paved  the  way  for  its  use  as  a  coating  for  domestic  articles, 
and  paint  was  born,  long  anterior  to  the  time  when  the  success- 
ors of  Tubal-Cain  were  casting  and  beating  into  shape  the  sa- 
cred vessels  for  the  Tabernacle  upon  the  Plains  of  Zeredatha. 

The  wrappings  of  the  mummies  were  prepared  by  saturating 
them  with  bitumen  and  some  solvent,  possibly  poppy-seed  oil 
and  natural  naphtha  from  the  wells  and  springs  which  abounded 
near  the  lakes  where  the  bitumen  was  obtained  ages  ago,  which 
were  gray  with  the  lapse  of  centuries  when  Moses  stood  before 
Pharaoh  and  pleaded  for  the  freedom  of  his  race. 

The  characteristics  of  asphaltum  as  a  ferric  coating  are  briefly 
given : 

Asphalt  or  mineral  pitch,  specific  gravity  =  1  to  1.68,  melts 
at  ICO  degrees  C.  —  212  degrees  F.  According  to  Bous- 
singault  {Am.  Ch  Phys.  [2]  Ixiv.  141),  "is  a  mixture  of  two  defi- 
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nito  substances,  viz.  :  asp/taUene,  which  is  fixed  and  sohible  in 
alcohol ;  and  jHiroIene,  wliich  is  oily  and  volatile.  The  greater 
part  of  the  latter  may  be  volatilized  by  distilling  the  asphalt 
with  water." 

It  is  the  petroJene  that  gives  the  cementitious  or  bonding  value 
to  compositions  into  which  it  enters.  Bermudez  asphalt  is  about 
2  to  3  per  cent,  purer  than  Trinidad.  Samples  of  Bermudez 
analvze  97.*22  per  cent,  of  materials  soluble  in  bisulphide  of 
carbon.  A  large  amount  of  these  materials  is  also  soluble  in 
ether,  showing  that  the  bitumen  contains  large  amounts  of 
pet  role  ne. 

Petrolene  in  Bermudez  =  81.63. 
"  Trinidad    =  80.01. 

Egyptian  asphalt  is  the  purest  of  all  the  qualities  of  asphalt, 
but  is  not  procurable  at  present  in  commercial  quantities  re- 
quired for  pavement  or  pigment  coatings,  but  is  used  in  the  finer 
qualities  of  japanned  or  enamelled  wares. 

Asphalt  yields  by  dry  distillation  a  yellow  oil,  consisting  of 
hydrocarbons  mixed  with  a  small  quantity  of  oxidized  matter. 
It  l)egins  to  boil  at  90  degrees  C,  but  gradually  rises  to  250 
degrees  C,  giving  oils  of  specific  gravity  during  the  boiling, 
viz.  :  90  degrees  C.  to  200  degrees  C,  sp.  gr.  =  0.817  (at  15  de- 
grees C. ) ;  that  which  boils  between  200  degrees  C.  and  250 
degrees  C,  sp.  gr.  —  0.86S  (at  15  degrees  C.) ;  both  portions 
giWng  by  analysis  87.5  carbon,  11.6  hydrogen,  and  0.9  oxygen, 
wliich  is  nearly  the  composition  of  the  oil -of  amber. 

These  asphalt  oils,  treated  with  sulphuric  acid  and  then 
washed  with  potash  and  subject  to  dry  distillation,  yield  a 
number  of  oils  which  are  insolvhh  in  water,  or  strong  nitric  acid, 
and  are  but  little  afi'ected  by  strong  sulphuric  acid,  but  are  very 
soluble  in  alcohol  or  ether. 

It  is  the  writer's  opinion  that  the  future  water-proof  anti-cor- 
rosive j)aint  will  ])e  made  from  these  asphalt  oils  as  the  medium 
coin])ining  some  of  the  carbon  group  of  pigments,  and  that  the 
drying  qualities  will  l)e  had  by  using  some  of  the  strong  me- 
tallic salts,  peroxide  of  manganese,  umber,  dioxide  of  manganese 
ore,  red  lead,  or  litharge,  all  of  which  are  available  agents  to  aid 
in  oxidizing  the  oil  ;  and  it  is  |)ossible  that  some  of  the  oxidizing 
or  corrosive  energy  of  the  iron  oxide  group  may  be  utilized  to 
act  as  a  drier,  and,  when  this  point  has  been  reached,  become  a 
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passire  agent  instead  of  a  corrosive  one  to  the  paint  and  the 
metal  which  it  covers. 

There  are  a  number  of  paints  upon  the  market  extensively 
advertised  as  asphaltum  paints,  or  under  other  fanciful  trade- 
mark names.  The  principal  merit  of  some  of  these  consists  more 
in  the  name  than  the  quality  of  the  paint.  If  it  is  once  con- 
sidered that  only  about  ten  per  cent,  of  asphaltum  enters  into 
the  composition  of  the  well-known  street  pavements,  and  that  so 
little  quantity  as  this  amount,  however  it  may  govern  the  other 
constituents  of  the  paving  compound,  has  to  be  put  in  place  or 
applied  hot,  and  cannot  be  used  or  compounded  in  any  other 
manner,  it  may  be  apparent  that,  notwithstanding  the  catch- 
penny name,  really  but  little  if  any  asphaltum  of  either  high  or 
low  degree  ever  enters  into  the  composition  of  any  of  these 
paints. 

It  is  the  writer's  opinion,  based  upon  an  examination  of  many 
of  these  paints,  that  there  is  not  as  much  as  five  per  cent, 
of  asphaltum  in  the  composition  of  any  brand  of  such  paint 
upon  the  market.  Even  with  this  small  amount,  and  with  the 
best  of  boiled  or  raw  linseed  oil  as  the  vehicle  for  the  pigment, 
the  paint  is  difficult  to  dry  without  the  use  of  strong  metallic 
salts  mixed  with  the  oil  to  aid  its  oxidizing  or  drying  quality ; 
and  if  a  quick-drying  paint  is  wanted,  these  oxidizing  materials 
are  added  in  such  amounts  as  to  materially  affect  the  life  of  the 
paint. 

When  the  color  of  the  paint  is  other  than  black  or  steely 
gray,  it  may  be  doubted  if  any  asphalt  will  be  found  present 
under  the  closest  analysis  ;  and  the  red  and  brown  colored 
namples  will  be  found  to  rely  almost  wholly  upon  some  oxide  of 
iron  as  the  base  of  the  pigment,  under  w^hatever  name  it  may  be 
masked. 

The  characteristics  of  all  of  these  colored  or  tinted  trade 
paints  appear  to  be  almost  identical  with  the  iron  oxide  paints 
made  and  sold  as  such  without  disguise.  They  become  hard 
and  crack  or  scale  off  the  same  as  the  iron  oxides,  and  after  the 
second  or  third  repainting  even  the  manufacturers  recommend 
the  removal  of  all  the  old  paint  by  burning  or  scraping  before 
the  application  of  the  new  coat,  a  proceeding  that,  with  a 
thoroughly  reliable  and  durable  paint,  should  be  wholly  un- 
necessary. (See  voL  xvi.,  paper  No.  626,  p.  399,  Transactions 
A.  S.  M.  E.     United  States  Navy  Department  paint  tests,  1885.) 
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Graphite  as  a  pigment,  both  the  foliated  and  amorphous 
brands,  has  been  described  in  a  previous  paper  (Montreal  meet- 
ing, June,  1894,  No.  598,  vol.  xv..  Transactions  A.  S.  M.  E.,  pp. 
1033-1072^,  but  some  additional  information  is  available  upon 
its  merits. 

The  Detroit  Graphite  Manufacturing  Company,  the  analysis 
of  whose  brand  of  L.  S.  G.  amorphous  graphite  pigment  is  given 
in  vol.  XV.,  page  1072,  present  some  samples  of  its  application 
to  boiler  tubes  exposed  to  the  combined  action  of  fire  and  hot 
water  under  pressure  which  will  be  of  interest  to  the  members, 
and  to  which  attention  is  called. 

The  resistance  of  these  brands  of  paint  to  the  corrosive  action 
of  acids  or  alkalies  is  very  remarkable,  as  the  following  severe 
tests  will  show.  Pieces  of  iron  painted  with  them  have  been 
dipped  in  muriatic,  sulphuric,  and  oxalic  acids,  and  then  allowed 
to  dry  with  the  acid  upon  them  for  nineteen  days,  without  show- 
ing a  trace  of  any  damage  to  the  paint.  The  longest  time  which 
other  paints  withstood  these  conditions  was  twenty-four  hours, 
and  then  they  were  rapidly  and  entirely  destroyed.  These  paints 
have  been  immersed  in  ammonia  and  sal-soda  for  nineteen  days, 
in  coal  oil  for  several  weeks,  in  strong  brine  for  six  years,  with- 
out showing  injury.  Pieces  of  iron  have  been  coated  with  L.  S. 
G.  and  submitted  to  twenty-four-hour  tests  in  boiling  alcohol, 
boiling  beer,  boiling  brine,  boiling  sugar  and  water,  without  the 
paint  showing  any  injury.  Bed  lead  paint  exposed  to  boiling 
alcohol  stood  fifteen  minutes  ;  in  boiling  beer  thirty  minutes  ;  in 
boiling  brine  twenty-five  minutes  ;  in  boiling  sugar  and  water 
fifteen  minutes.  L.  S.  G.  paints  immersed  in  cold  soft-soap 
stood  twenty-four  hours  without  injury,  while  other  paints  stood 
for  one  hour  only.  All  of  the  above  tests  are  extremely  severe 
conditions,  and  can  hardly  arise  in  practical  use,  except  under 
exceptional  cases. 

Smokestacks  painted  with  "  superior  '*  graphite  paint  have 
been  heated  to  redness  without  blistering.  Sheet  tin  coated 
with  these  paints  can  be  twisted  and  bent  in  all  directions  with- 
out scaling  or  cracking  the  paint.  Some  samples  of  the  boiler 
tubes  coated  with  tliese  paints,  and  mentioned  in  a  former  paper 
(  Trari-^arfions  A.  S.  M.  E.,  vol.  xv.,  p.  1,033),  showing  the  power  to 
resist  the  formation  of  scale,  have  now  been  in  use  for  over  two 
years  and  are  submitted  for  inspection.  The  tube  removed,  from 
which  the  samples  were  taken,  was  covered  with  a  soft  deposit 
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of  mud  (not  scale),  and  could  have  been  washed  clean  by  a  cur- 
rent of  water  from  a  hose,  while  the  adjoining  tubes,  not  painted, 
were  covered  to  a  great  extent  with  a  hard,  vitreous  scale,  over 
j'^v  inch  in  thickness,  that  required  the  use  of  the  scraper  or 
usual  pickling  process  to  remove. 

The  tubes  painted  had  been  in  use  for  over  a  year  before 
being  painted,  and  were  more  or  less  pitted  and  corroded.  All 
this  action  has  ceased,  and  there  appears  to  be  no  reason,  from 
the  present  appearance  of  the  tubes,  why  they  will  not  be  in  as 
good  order  at  the  end  of  five  years  from  date  as  they  are  now. 

That  these  paints  can  be  furnished  in  colors  other  than  the 
dingy  or  steel-gray  color  natural  to  the  graphite  pigment  is 
another  recommendation. 

Lcunp-hlack,  when  ground  in  either  raw  or  kettle-boiled  linseed 
oil,  forms  a  most  effective  protective  coating  against  corrosion 
of  ferric  surfaces,  as  well  as  decay  in  wooden  or  mineral  bodies. 
The  lettering  of  sign-boards  is  a  familiar  example  of  the  merits  of 
a  simple  thin  coat  of  this  paint  to  protect  all  that  it  covers  more 
effectually  than  any  other  known  pigment.  The  life  of  any  paint 
can  be  almost  foretold  from  the  fineness  to  which  it  is  ground 
when  incorporated  with  the  oil.  Lamp-black,  from  its  method 
of  manufacture  as  a  deposit  from  the  products  of  imperfect  com- 
bustion, is  primarily  in  a  condition  to  be  easily  prepared  for  a 
pigment.  White  lead  makes  a  good  paint  when  mixed  with 
one-eighth  of  its  weight  of  oil.  Ivory-black  requires  its  own 
weight  in  oil,  and  lamp-black  much  more.  All  dark-color  pig- 
ments, being  but  slightly  basic  in  their  nature,  require  more  oil 
in  their  preparation  than  light  colors.  It  is  noticed  in  picture 
and  portrait  paintings  that  the  cracks  in  the  paint  are  far  more 
numerous  in  the  dark  colors  (not  blacks)  than  in  the  white  or 
light  colors. 

INERT   PIGMENTS. 

The  different  substances  known  in  the  market  as  inert  pig- 
ments, whose  use  is  to  a  more  or  less  extent  admissible,  are,  viz.: 
barytes  (heavy  spar) ;  whiting  (prepared  chalk) ;  gypsum  (sul- 
phate of  lime,  American  terra  alba) ;  kaolin  (pipe-clay) ;  ground 
silica ;  ground  talc  (steatite  or  soapstone) ;  ground  feldspar  (de- 
composed mica,  granite,  gneiss,  and  most  kinds  of  basalt). 

Felchpar  is  inclined  to  decompose  readily  when  exposed  to  the 
weather.     Many  of  the  clay  beds  now  used  to  make  fire-brick 
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are  simply  broken-down  and  decomposed  feldspars.  Its  use  in 
a  pigment  or  in  the  comj^osition  of  a  pigment  of  any  material 
which  is  to  be  durable  or  unchanged  on  exposure  to  the  weather 
is  to  be  avoided. 

Tiilc  does  not  grind  well  and  is  inclined  to  cause  a  paint  to 
peel. 

Ktntlin  grinds  greasy.  In  many  cases  both  talc  and  kaolin  can 
be  added  with  manifest  advantage  to  pigments  that  are  of  a 
granular  nature. 

SiJira  grinds  hard,  but  its  use  is  less  objectionable  than  some 
of  the  other  before-named  materials,  and,  as  a  pigment,  to  be 
durable  must  be  brought  to  a  fine  state  of  subdivision ;  its  use 
otherwise  is  to  be  avoided. 

liirryte^,  from  its  great  weight,  is  but  little  used,  though  its 
qualities  otherwise  are  beneficial  in  a  pigment. 

Whifriiij,  when  used  as  a  pigment,  is  liable  to  a  chemical 
reaction  between  the  oil  and  itself  which  may  possibly  result  in 
the  formation  of  a  lime  soap,  which  is  not  at  all  durable.  Putty, 
however  i  which  is  a  mixture  of  oil  and  whiting),  is  a  very  durable 
body,  and  withstands  exposure  to  atmospheric  effects  and  water 
remarkably  well. 

Sf/1/)/tafc  of  Liiii''  ((liJp-'^'Km),  all  things  considered,  is  possibly 
the  best  of  the  inert  substances  used  as  component  parts  of 
pigments  It  is  a  hydrated  material  which  has  as  a  part  of  its 
composition  two  molecules  of  water.  The  heat  caused  by  the 
friction  of  grinding  drives  off  a  portion  of  this  chemically 
coml)ined  water,  and  if  perchance  this  water  is  taken  up  again 
before  the  paint  is  spread,  there  is  a  tendency  on  the  part  of  the 
paint  to  "/?*?>/•,"  a  phenomenon  familiar  to  all  painters  ;  but  tlie 
causes  which  contribute  to  this  change  have  not  been  clearly 
defined,  and  there  is  still  much  mystery  in  the  subject  to  be 
unravelled.  Sulphate  of  lime  is  of  great  durability ;  it  is 
chemically  inactive  as  a  ])igment  ;  it  has  a  low  specific  gravity, 
and  can  be  easily  and  minutely  ground  and  incorporated  with 
whatever  pigment  it  is  desired  to  mix  with  it  and  the  liquid. 
//  fh^M  i,t,f  "  W  "  nor  settle  rapidly  in  the  paint  bucket,  and  its 
iise  has  no  specially  undfisirable  features. 

Krif/wf-niiuf  NrwH,  June  6,  1895,  p.  370,  has  a  valuable  con- 
tribution V)y  Walter  G.  Berg,  C.  E.  (Engineers'  Office,  Lehigh 
Valley  Railroad,  "Painting  Iron  liailway  Bridges,"  that  re- 
Tiews  the   literature  of  anti  corrosive   compounds  to  date,  and 


RUSTLESS   COATINGS   FOE    IRON   AND   STEEL.  703 

gives  a  list  of  paints,  their  cost  per  gallon,  covering  power,  and 
general  composition  and  merits  as  preservative  compositions, 
that  will  benefit  the  engineering  fraternity  to  read  and  place 
upon  file. 

Mr.  Berg's  deductions  agree  with  those  of  the  writer,  that  the 
most  inipoiianf  feature  in  the  application  of  any  paint,  good  or 
bad,  is  to  prepare  the  surface  to  receive  it  by  removing  all 
grease,  dirt,  mill-scale,  rust,  etc.,  and  not  to  paint  when  the  iron 
is  wet  or  the  weather  foggy  or  cold,  unless  it  can  be  done  under 
■cover,  in  w^ell- warmed  workshops. 

The  removal  of  the  grease  and  dirt  due  to  machinery  processes, 
cannot  be  too  vigorously  insisted  upon.  Samples  of  paint  are  in 
the  writer's  museum,  that  were  applied  over  the  surface  of  an 
iron  beam  covered  with  machine  grease,  that  had  dried  per- 
fectly, and  formed  a  coating  as  tough  and  almost  impervious  to 
moisture  as  india-rubber,  yet  came  away  from  the  surface  of  the 
iron  in  skins  nearly  a  square  foot  in  area  at  the  friction  of  hand 
pressure  on  the  painted  surface. 

Cassieys'  Magazine^  June,  1895,  vol.  viii.,  No.  2,  p.  109,  has  a 
valuable  contribution  to  the  anti-corrosive  literature  of  the  day, 
^*The  Care  of  Steel  Ships,"  by  Philip  Hir-hborn,  Chief  Con- 
structor, U.  S.  N.  The  deductions  of  Mr.  Hichborn  agree 
substantially  with  those  of  Prof.  Vivian  B.  Lewes,  quoted  in 
Transactions  A.  S.  M.  E.,  Montreal  meeting,  June,  1895,  vol. 
xvi.,  paper  No.  626,  pp.  3^0-399. 

For  internal  corrosion  in  the  confined  spaces  of  the  double 
bottom,  cargo  and  bilge  water  on  ballast  spaces,  the  use  of 
<?ement  has  been  found  to  give  the  best  protective  results,  being 
easily  removed  when  scaled  off  by  mechanical  injury  or  by  the 
disruptive  action  of  rust ;  the  wetted  surface  in  these  locations 
j)recluding  the  application  of  any  paint  compound  without  dock- 
ing the  ship,  and  drying  her  out  by  forced  ventilation. 

For  the  corrosion  externally,  under  the  water-line,  the  use  of 
red  lead  and  oxide  of  zinc  appears  to  give  tlu^  most  uniform  and 
satisfactory  results,  thus  continuing  the  experience  and  data 
furnished  by  the  U.  S.  Navy  Department  Paint  Tests,  reported 
at  length  in  Transaciion.s  A.  S.  M.  E.,  vol.  xvi.,  paper  No.  626, 
pp.  399-403. 

If  the  continued  tests  and  use  of  the  before-mentioned  L.  S.  G. 
brand  of  graphite  paint  prove  as  satisfactory  in  the  future  as  they 
have  in  the  past,  under  the  action  of  hot  water  under  pressure, 


7(U  RUSTLESS   COATINGS   FOR   IRON   AND   STEEL. 

ami  sea-water  baths  of  six  years'  duration,  its  use  will  materially 
increase  the  leugtli  of  life  and  decrease  the  cost  of  caring  for 
not  only  our  merchant  and  naval  marine,  but  also  that  of  every 
other  ferric  structure  .or  body  to  which  it  may  be  applied. 

Protection  from  corrosion  is  a  term  about  as  varied  in  its 
definition  as  the  number  of  persons,  whether  master  painters 
or  engineers,  who  use  it.  In  general,  it  may  be  said  to  mean 
that  some  compound,  either  a  paint  or  a  coating,  has  been  ap- 
plied to  a  metallic  object  to  prevent  its  decay  from  natural 
causes  incident  to  its  location  or  intended  use,  or  both. 

The  progress  which  the  mechanical  arts  make  in  the  life  of  each 
generation  of  men  in  a  great  measure  limits  the  life  of  most 
engineering  structures,  regardless  of  the  failure  of  tlie  said  con- 
structions from  natural  causes  or  accident,  even  if  they  were 
left  as  they  came  from  the  workman's  hands  without  a  coat  of 
paint. 

There  are  but  few  of  the  important  railway  bridges  and  via- 
ducts of  iron  and  steel  which  have  been  erected  during  the  past 
thirty  years,  either  as  constructions  for  new  lines  of  railway  or 
to  replace  the  wooden  structures  that  formerly  were  the  order  of 
the  day,  which  will  not  be  pulled  down  (if  they  do  not  fall  down, 
as  in  too  many  instances  is  the  case)  ere  they  are  forty  years  of 
age,  a  change  rendered  necessary  by  the  use  of  heavier  engines 
and  trains  at  higher  speeds,  to  say  nothing  of  the  better  construc- 
tive methods  and  materials  in  them  ;  and  he  will  be  rash,  indeed, 
who  will  declare  that  the  next  fifty  years  will  not  see  as  many 
radical  changes  in  these  structures  as  have  taken  place  in  the 
past 

The  tliousands  of  iron  and  steel  vessels  which  compose  the 
world's  mercliant  and  naval  marine  have  been  reconstructed 
in  design  every  ten  years  since  the  keel  of  the  first  iron  vessel 
was  laid,  and  whether  as  the  ocean  greyhound  which  with  peace- 
ful int^iut  races  against  time  on  her  ocean  trips,  or  the  formid- 
able batthisliip  or  armored  cruiser,  after  but  a  few  years  of 
active  life  they  all  join  the  endless  procession  toward  the  marine 
JTink-HlK)p  of  o])solete  patterns  ;  while  corrosion,  speeded  on  its 
way  by  the  combined  action  due  to  sea-air,  sulphur,  and  bilge 
wiiUiT,  high  tf^mperatures,  marine  growths,  and  the  inaccessible 
portioDH  of  many  parts  of  the  ship,  holds  high  carnival,  and,  as 
it  were,  laughs  at  the  puny  efforts  of  man  to  check  its  career  by 
dabs  with  a  paint  brush. 
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Well  indeed  may  the  engineer  inquire,  "  How  shall  we  protect 
the  ship  ?  "  and,  from  the  complex  nature  of  the  question  and 
the  unsatisfactory  nature  of  many  past  experiments,  cease  to 
wonder  at  the  practice  of  some  engineers,  civil  as  well  as 
marine,  in  coating  the  structure  or  vessel  with  almost  anything 
in  the  way  of  paint,  regardless  of  quality,  composition,  or  merit, 
so  that  it  covers  the  stains,  pleases  the  eye,  costs  little,  dries 
quickly,  and  makes  a  shadowed  semblance  of  protection.  Why 
spend  much  money  or  worry  over  a  thing  which  is  on  the  way  to 
retirement  as  a  back  number  almost  before  it  leaves  the  builder's 
hands,  and  whose  life  will,  no  doubt,  not  exceed  my  own  ? 

If  it  is  a  ship  or  other  marine  construction,  furnish  something 
which  will  permit  it  to  be  painted  one  day,  got  out  of  the  dock- 
yard the  next  day,  and  which  will  keep  the  marine  growth  and 
fouling  down,  and  the  expense  of  docking,  scraping,  and  paint- 
ing it  again  next  year  will  be  gladly  borne. 

If  it  is  a  railway  superstructure,  it  must  be  painted  and  dry 
ere  the  workmen's  hammers  have  ceased  to  ring  upon  it.  If  it 
is  a  railway  freight  car,  why,  there  are  built,  repaired,  and  re- 
painted, at  many  railway  shops,  one  hundred  and  fifty  cars  per 
day,  each  one  requiring  some  thirty-five  feet  of  space  upon  the 
paint-shop  track ;  and  if  these  cars  are  to  receive  two  coats  of 
paint,  and  be  required  to  wait  from  three  to  four  days  for  each 
of  them  to  dry.  it  means  some  eight  to  ten  miles  of  paint-shop, 
shed,  or  side-track  room,  and  railway  companies  will  make  no 
such  provisions,  even  if  at  the  end  of  ten  years  it  would  prove 
not  only  better  but  cheaper  than  the  customary  rush  methods 
or  practice  of  one  day  for  each  coat  of  paint,  including  spread- 
ing and  drying,  regardless  of  any  atmospheric  conditions  which 
have  so  much  influence  over  the  latter. 

Prominent  master  painters  have  remarked,  when  some  spe- 
cially prepared  and  well- tested  brand  of  paint  has  been  called 
to  their  attention  for  its  protective  or  lasting  qualities  :  "  We  do 
not  believe  in  any  paint  that  lasts  fifteen  years  or  more  ;  if  is 
not  good  for  the  trade,  and  if  the  use  of  such  paint  bids  fair  to 
become  general,  we  want  to  get  out  of  the  paint  business." 

There  are  many  special  paints  in  the  market,  some  of  them  of 
great  merit  for  the  particular  purpose  for  which  they  are  com- 
pounded ;  but  not  being  generally  anti-corrosive,  they  cannot  be 
detailed  without  requiring  too  much  space  in  this  paper,  and 
iheir  record  is  only  of  interest  as  showing  the  efforts  made  to 
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prevent  oorrosiou.     Samples  of  some  of  these  special  coatings: 
are  presented  for  examination  at  this  meeting. 

The  liquid  medium  which  enters  into  the  composition  of  all 
j)aints,  anti-corrosive  or  otherwise,  is  of  importance  enough  to 
warrant  the  preparation  of  a  paper  upon  that  subject  alone.  It* 
consideration  is,  therefore,  postponed  to  the  fourth  and  closing; 
paper  of  the  series  of  articles  on  rustless  coatings. 
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DCXXXVIII.* 

A  ^\4  LYSIS  OF  THE  TREMONT  TUB  BINE, 

BY    UE    VOLSON   WOOD,    HOBOKEN,   N.    J. 

(Member  of  the  Society.) 

The  Tremont  turbine  furnishes  a  coveted  example  for  test- 
ing the  theoretical  formulas  for  the  proportions  and  deliver- 
ance of  turbines.  It  was  made  by  J.  B.  Francis,  engineer,  after 
the  general  pattern  of  the  celebrated  U.  A..  Boydeu,  Esq.,  tur- 
bines, which  yielded,  from  careful  experiments,  an  admitted  effi- 
ciency of  88  per  cent.  The  dimensions  of  a  Tremont  turbine, 
and  the  careful  and  somewhat  exhaustive  efficiency  tests  are 
fully  set  forth  by  Francis,  in  his  work  entitled  Lo7vell  Hydra  nUc 
Experiments.  For  well-known  reasons  these  did  not  give  as  high 
efficiency  as  the  Boyden  wheels,  constructed  for  Appleton  k  Co. ; 
but  the  series  of  tests  has  been  standard  on  this  subject  to  the 
present  day. 

The  workmanship  on  these  wheels  was  of  high  grade.  The 
crowns,  which  were  of  cast  iron,  were  accurately  turned  in  a 
lathe,  and  the  partitions  (or  walls)  of  the  buckets  were  of  Kussia 
sheet-iron  plates,  u'^j:  of  an  inch  thick.  These  plates  fitted  into 
grooves  carefully  cut  in  the  crowns,  on  which  were  tongues  pro- 
jecting through  mortises  in  the  crowns,  and  the  former  headed 
down,  thus  securing  the  crowns  to  each  other  without  bolts  or 
rods,  and  forming  smooth,  unobstructed  passages  for  the  flow  of 
water.  In  the  Boyden  wheel  a  *'  difiuser  "  was  added,  which 
consisted  of  two  crown-like  pieces  outside  the  wheel,  but  not 
rotating  with  it,  the  space  between  which  was  diverging,  produc- 
ing a  diminution  of  velocity  of  the  escaping  water,  causing  more 
of  its  energy  to  be  imparted  to  the  wheel.  This  device,  it  is 
said,  added  some  2  or  3  per  cent,  to  the  efficiency  of  the  wheel. 
The  Tremont  turbine  was  not  provided  with  this  device. 

We    have   selected   for    analysis  the  experiment   by   Francis 


*  Presented  at  the  Detroit  meeting  (June,   1895)  of  tbe  American  Society  of 
Mechanical  Engineers,  and  forming  ])art  of  Volume  XVI.  of  the  Tr(in8artio)is. 
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wliicli  yielilod  the  highest  efficiency  ;  for  our  turbine  formulas 
are  ap]>lic;ible  only  when  the  wheel  is  so  proportioned  and  run 
as  to  give  a  maximum  efficiency. 

At  the  meeting  of  this  Society,  held  in  New  York  city,  Decem- 
ber, 1892,  the  writer  presented  a  paper  on  "  Hydraulic  Keaction 


KiG.  201 


Bradley  .|  J\iatt»,  J^nyr'a  X.y, 


Motr,rs,"  wliich  is  publislied  in  the  Trcmsadiom  of  tliis  Society,  I 
vol.  xiu,  pp.  2m  :m  ;  and  the  notation  and  formulas  here  used  li 
are,  for  convenience,  l)rought  forward.  fl 

[r,  =  ^M,    the   initial  radius,    /-,    =   OF,    the    outer   radius. 
Fig.  201 ; 
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yi  =  ah,  tlie    initial  depth  between  the  crowns,  y-i  —  cd,  the 
outer  depth ; 

a  —  CAB,  the  angle  between  the  terminal  element  of   the 
guide  and  the  initial  circumference  of  the  wheel ; 

Yi  =  the  angle  between  the  initial  element  of  the  bucket  and 
the  initial  rim ; 

y.^  =  GFI,  terminal  angle  of  bucket ; 

/?i  =  fall  from  upper  level  to  wheel ; 

h,  =  depth  of  wheel  below  surface  in  wheel  pit ; 

II  =  h^  —  h,  =  effectual  fall ; 

00  =  angular  velocity  of  wheel ; 

Q  =  cubic  feet  of  water  discharged  per  second  ; 

U  =  work  done  by  the  water  on  the  wheel  in  foot-pounds  ; 
S.P.  =  the  horse  power  imparted  by  the  water  to  the  wheel  ; 

II  —  the  efficiency  of  the  water  at  the  wheel ; 

V  =  AB,  the  velocity  quitting  the  guide  =  velocity  of  pass- 
ing the  gate  ; 

Vi  =  initial  velocity  in  the  buckets ; 

v.,  =  FG,  the  terminal  velocity  in  the  buckets  ; 

V-i  —  GI,  the  quitting  velocity  in  reference  to  the  earth  ; 
6  —  the  direction  of  the  water  quitting  the  wheel  measured 
from  the  rear  arc  ; 

<^  =  62.2,  the  weight  in  pounds  of  a  cubic  foot  of  water  ; 

Hi  —  0.10,  the  coefficient  of  friction  in  the  guides  ; 

)(.-,  =  the  coefficient  of  friction  of  the  water  in  the  buckets. 


'  L  sm  (a  +  y{)  \  r^ 


cos  IV  sm  ;/,  /  r^ 


-  1 


1 


Tiyo       1         /2  COS  a  sm  y^     ,  sm^'  y^ 

\sm  (/v  +  yi)  sm-  («-  +  y^)/  \r.^  J     J 


1-         (15a) 


(For  max.)       co~  =  -"-^  •    ; — — ^ — — -  (lb) 

^  ^  n  N-W AI'-N' cos' y. 


F       = 

-'-'max. 


^ fj/'  -  \/2r'  -  N''  COS-  y.  "I      (16a) 


V  =    .  ^^"^^ 00  r, (17) 

sin  {a  +  y^ 
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■sin  tv 
sin  {(X  +  yi) 


I'o    = 


-:^i£-,/i+       ^^ (19)] 

V2  =  d   +  OD^  f'l  —  2  ^^,)  )\  («>  cos  ;^2       •      •      1^0 )] 

The  coefficients  //i  and  //.,  are  uncertain  quantities.  Weisbaclt 
considers  //,  ==  0.10,  and  //.  from  .05  to  0.10.  We  will  assume 
//,  =  0.10,  and  for  the  assumed  Boyden  wheel  /vo  —  0.05.  Our 
analysis  will  show  that  //o  =  0.15  nearly,  for  the  Francis, 
wheel. 

For  the  wheel  we  now  analyze  we  have  (see  Lowell  Ht/cI.  Exp.)^ 

r,  =  3.38  feet ;  r,  =  420  feet  (p.  14). 
.r  =  21"  i 

y^  =13^  ■  as  measured  from  Plate  III.  of  Exp." 
y,  =  90^  \ 

Q  =  138.2  cubic  feet  (p.  33). 
//  =  12.9  feet  (p.  33 ». 
A,  =  15.11  feet  (p.  33). 
A,  =  2.2  feet  (p.  33). 
U  =  111,218.1,  total  power  of  the  water  in   foot-pounds 

per  second. 
E^  0.79375  (p.  33 j. 
H.P.  =  161,  about,  as  measured  by  the  brake. 

n  —  0  85106,  number  of  revolutions  per  second. 
tjy  -  0.9368   feet,   depth  between  the  inner  edges  of   the 

(crowns. 
y^  —  0.9314    feet,  depth  between  the   outer   edges  of  the 

crowns. 
N  =  44,  number  of  buckets. 
(/  =  32.16. 

With  this  data  we  solve  as  follows  : 


•  Kodmer  gives*  fortlit-se  an^ltis  a  =  2S\  y-i  —  22^,  y\  —  90°,  but  these  values^ 
of  n  and  y ^  are  not  ho  found  from  Francis's  plates,  and  arc  not  consistent  with 
other  data. 
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TABLE   I. 


GO 

Rev.  per  second 
Knox,  per  cent. . . 

'6')  feet 

t's  feet 

yi  feet 

y-i  feet 


Ma  =  0.20 


5.369 

0.855 
79.308 

6.968 
23.115 

3.316 

0.957 
1.103 


a  =      21  = 
Ma  =  0.10 


5.476 

0.872 
84.84 

7.102 
23.989 

3.37 

0.939 
1.063 


a=  21° 
V2=  13° 
Ma  =  0.05 


5 .  514 
0.879 

87.76 
7.157 

24.525 

3.426 

0.932 
1.039 


Measured 
Values. 


0.851 
79.375 


0.9368 
0.9314 


It  will  be  observed  that  for  /z,  =  0-05  the  efficiency  is  over  87 
per  cent.,  and  if  a  diffuser  would  add  2  per  cent.,  we  would  have 
an  efficiency  exceeding  that  admitted  for  the  Boyden  wheeL 
But  it  seems  improbable  that  the  prejudicial  resistance  can 
be  so  low  ;  and  it  is  well  to  observe  that  for  ]\  —  21  degrees,, 
//j  =  0.10  =  //.2,  and  r^  ~  10  degrees,  a  theoretical  efficiency 
nearer  90  per  cent,  will  be  found. 

It  will  be  seen  that  for  //«  =  0.20,  some  of  the  numbers  given 
in  the  first  column  of  the  preceding  table  give  results  agreeing 
well  with  actual  values.     Thus,  the  revolutions  are  : 

Computed 51.3  per  minute. 

Measured 51.1  per  minute. 

Also  the  efficiency  is  : 

Computed 79.308  per  cent. 

From  measurements 79.375  per  cent^ 

The  initial  depth  between  the  crowns  is  : 

Computed 0.957  feet. 

Measured 0.9368  feet. 

Difierence 0.202  feet. 

The  outer  depth  between  the  crowns  is  : 

Computed 1.103  feet. 

Measured 9314  feet. 

Difference 1716  feet, 

or 2.059  inches. 


Not  only  do   the   computed   depths  differ  from  the  measured 
ones,  but  our  computed  depth  is  less  for  the  inner  rim  than  for 
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the  outer,  wliilo  the  measured  values  are  the  reverse.  This  can- 
not be  (lisniissecl  with  the  remark  that  the  wheel  was  improp- 
erly proportioned ;  for  the  138.2  cubic  feet  per  second  passed 
the  weir ;  therefore  this  requires  further  investigation. 

Till'  depths  Mweeu  the  croivns  were  determined  as  follows : 
dropping  the  subscripts  in  the  notation  and  placing  p  for  r^  or 
/•.,  we  have 

y  (27r/j  —  Nt  -^  sin  y)  v  ^in  y  =  Q       .     .     (20) 

in  which  'Irrp  =  whole  circumference  at  p  from  centre. 

JV/  =  thickness  of  N  bucket  plates. 

Nt  ^  sin  r  =  ring  thickness. 

//  i^TTp  —  Xt  -f-  sin  y)  =  free  ring  section  for  passage  of  water. 

r  sin  V  =  radial  component  of  the  velocity  in  the  bucket,  and 
the  product  gives  the  quantity  of  flow  in  feet  per  second,  or  Q. 
Hence,  for  initial  and  terminable  values,  we  have 

^2  _  Vi  {27n\  sm  y^  —  Nt)  _      \ 12  x  64/     .^^ . 

V~  ~  v.  (27rr.>  sin  y.>  -  Nt)  ~  ~~7^         '.  44  x  9    \     ^     ^ 

i;.^2;rr,sinr,--^-2^gjj 

If  the  thickness  of  the  bucket  plates  be  neglected,  we  have' 
simply  '  yi  being  90  degrees), 

2/2  _  ^  ^        V\ 
2/i      r.,>  '  v.>  sin  y^ 

which  for  13  degrees  gives 

3.38  6.968 

4.20  •  23T17^  x-om  ==  1  ^^^J  ^^^rly> 

or  tho  df'ptlis  would  be  equal  ;  and  that  the  outer  depth  shall 
be  1ph8  tlian  the  inner,  ;'.  must  exceed  13  degrees.  With 
r2  =  14  degrees,  n  =  20  degrees,  and  /(.,  =  0.20,  we  found  that 
the  deptlis  sliould  ]>('  about  ecpial ;  then  we  tried  15  degrees 
with  tlip  following  results,  by  the  side  of  which  we  have 
entf-red  the  results  of  some  other  computations,  as  follows  : 
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TABLE   IL 


G3 

Rev  per  second. 
Emax.  per  cent . . . 

Vi  feet  

t'2  feet 

yi  feet  

y-i  feet 


Q  =  138.2 

Q  =  1.35.5 

q  =  1:38.2 

Q  =  138.2 

a  =  21^ 

a  =  21° 

a  =  28° 

a  =  23° 

Y2  =  15° 

72  =  15° 

V2  =  H° 

V2  =  15° 

Ma  =  0.20 

Ma  =  015 

M2  ^  0.20 

M2  =  0.20 

5.359 

5.407 

5.364 

5.346 

0.853 

0.867 

0.854 

0.851 

78.33 

80.9 

78.90 

78.10 

6.954 

7.017 

7.696 

7.67 

23.048 

23.573 

23.15 

23.19 

0.9439 

0.9317 

0.862 

0.870 

0.9346 

0.9104 

1.00 

0.945 

Measured. 


.851 
79.375 


.9368 
.9314 


In  the  first  column,  as  measured,  the  revolutions  are  practi- 
cally the  same,  the  efficiency  1  per  cent,  less,  and  the  relative 
depths  of  the  buckets  practically  as  measured,  and  the  differ- 
ence between  the  mean  of  the  given  and  calculated  depths  is 
less  than  }  of  an  inch.  It  is  not  expected  that  theoretical  re- 
sults will  be  identical  with  measured  ones — the  conditions  of  the 
former  are  assumed  to  be  perfect,  while  the  latter  involve  errors 
of  observation  and  varying  conditions.  But  a  further  correction 
in  the  computed  depths  must  be  made.  Since  the  gate  does  not 
fit  water-tight,  a  part  of  the  138.2  cubic  feet  which  passed  over 
the  weir  may  have  escaped  at  the  gate,  and  hence  the  entire 
quantity  may  not  have  done  work  on  the  wheel.  If  there  be  ^  of 
an  inch  clearance  at  the  gate  (this  assumption  is  gratuitous,  but 
will  serve  for  illustration)  there  will  be  an  annular  opening  of 
2  X  3V  X  3.38  X  1  X  i-V  =  0.222  square  feet.  It  will  be  found 
hereafter  that  the  internal  pressure  at  the  gate  is  2,648  pounds 
per  square  foot,  and  the  atmosphere  and  2.2  feet  head  in  the 
tail  race  give  an  outside  pressure  of  2,254  pounds,  leaving  394 
pounds  inside  effective  pressure  at  that  point,  which  would  pro- 
duce 


/  394 

a  velocity  =  a/  2g  x  ^^  ~  20  feet,  nearly; 


hence  the  volume  of  water  which  would  escape  under  these  con- 
ditions would   be    0.62  x  0.222  x  20  =  2.75  cubic  feet  nearly, 
allowing  0.62  for  the  coefficient  of  discharge.     This  would  leave 
46 
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135.5  cubic  feet  of  water  to  do  work  on  the  wheel.     This  would 


give 


And 


2/,  =  0.9-254  feet. 
Measured,      0.9368  feet. 

Difiereuce,       .0114  feet  =  {  of  an  inch,  nearly. 

y,  =  0.9163  feet. 
Measured,      0.9314  feet. 


Difference,       .0151  feet  =  j\  of  an  inch,  nearly. 

so  that  the  computed  values  are  almost  identical  with  the  meas- 
ured ones. 

These  results  are  satisfactory  except  that  for  the  efficiency. 
The  computed  value  ought  to  exceed  the  value  determined  by 
the  brake.     So  I  have  computed  again,  making 

Q  =  135.5,  a  =  2V,  y-2  =  15°,  ^h  ^  0.10,  /y,  =  0.15, 

the  results  for  which  are  in  the  second  column  of  Table  II. 
The  dynamic  efficiency  is  80.9  per  cent.,  which  call  81  as  the 
nearest  entire  number.  If  2  per  cent,  be  the  frictional  resist- 
ance of  the  shaft,  we  have  79  per  cent,  for  the  computed  brake 
efficiency.  This  is  almost  identical  with  the  observed  value,  and 
the  greatest  diff'erence  between  the  real  and  computed  depth,  y^, 
is  only  ]  of  an  inch,  and  this  difference  can  be  made  less  by 
assuming  y-i  a  little  less  than  15°.  We  conclude,  therefore,  that 
for  this  wheel  /^i  =  0.10,  //^  =  0.15,  and  the  mean  angle  of  dis- 
charge, r.,,  =  14J°,  or  values  very  near  these.  The  value  15", 
or  14,-  ,  for  y-,,  may  not  be  the  terminal  angle  of  the  bucket,  but 
it  will  be  the  mean  angle  of  discharge  of  a  finite  stream. 

In  this  wlieel  the  inside  of  both  the  crowns  is  convex  inward, 
HH  shown  in  the  figure,  the  curvature  being  such  as  to  reduce 
the  deptli  between  the  crowns  J  of  an  inch  at  b^  inches  from 
tlie  inner  rim.  This  reduction  is  about  j'-,  of  the  initial  depth. 
No  reason  is  assigned  for  this  form.  If  the  object  of  this  curva- 
ture was  to  conform  to  tlie  form  of  the  "  vena  contracta ''  it  ap- 
]w-ars  to  bo  too  sm;ill.  In  any  case,  its  effect  will  b(^  to  increase 
the  velocity  and  hence  reduce  the  pressure  in  the  wheel  at  that 
])oint ;  but  if  the  internal  pressure  exceeds  the  external  press- 
ure (the  external  being  that  of  an  atmosphere  2,116  pounds  per 
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foot,  and  the  weight  of  2.2  head  of  water  in  the  wheel  pit  about 
138  pounds,  or  a  total  of  2,254  pounds')  it  seems  to  be  unnecessary. 
The  internal  pressure  was  computed  from  the  formula : 


1>=  pa-^  ^K  + 

6 


rJcl 


h 


Hi  +  /^2)-i 


g 


0        •) 

CO-  r-^ 


sin^  (a  +  y^ 


with  the  following  results  for  mid-section  : 


sm^  a 


(22) 


TABLE  III. 


If 

tlien 

Pressure  lbs.  per 
Square  Foot. 

Pressure  lbs.  per 
Square  Inch. 

y  =  yy 

k^ 
k 

=  1.205 

2,637 

18.31 

y  =  0.9  p, 

k 

=  1.339 

2,630 

18.20 

y  =  O.Si/, 

k, 
k 

=  1.510 

2,610 

18.12. 

y=0-7yr 

k, 
k 

=  1.720 

2,581 

17.99 

y  =  0.6  y, 

k. 
k 

=  2.01 

2,540 

17.90 

y  =  o.oyi 

k, 
k 

=  2.41 

2,380 

16.52 

But  it  is  more  important,  in  this  case,  to  find  the  pressure  at 
other  points  in  the  wheel.  We  have  found  the  pressure,  j^i,  at  the 
entrance  into  the  bucket,  p  —  r,,  and  at  |  the  width  of  the  crown 
from  the  inner  rim,  at  J,  |,  and  |.  giving  pounds  per  square  foot 
as  follows : 


Pi         P\ 

Pi 

Pi 

Pi 

Pi 

2,648        2.670 

2,667 

2,610 

2,420 

2,254 

h-  =  0.986, 

J^  ^  1.20, 

1'  =  1.67, 

A'  -  2.2, 

4"^  =  3. 

k 

k 

k 

k 

k 

The  pressure  'i\  is  at  the  gate,  where  the  velocity  is 

r=  6.05  -^  sin  21"  =  20.83  feet. 
At  i  the  width  of  the  crown  the  velocity  will  be 
V  =  6.95  X  0.986  =  6.53  feet, 
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aud  the  pressure  is  greater.  Since  the  terminal  velocity  is  about 
3.3  times  tlie  initial,  the  velocity  ought  to  increase  continually 
from  the  entrance  into  the  bucket,  to  avoid  eddies,  and  there- 
fore the  normal  sections  should  continually  decrease,  which,  as 
is  seen,  may  not  be  the  case  with  flat  crowns  and  partitions  of 
uniform  thickness.     Thus,  near  tlie  foot  of  the  preceding  page, 

it  will  be  seen  that  ''  =  0.986,  showing  that  the  normal  section 

A' 

at  }  the  width  of  crown  exceeds  the  initial  section.  To  make 
the  sections  diminish  continually,  the  depths  of  the  buckets 
may  at  first  diminish  and  later  increase  by  curving  the  crowns. 


Fig.  202. 


Fig.  303. 


as  in  Fig.  202,  the  least  depth  being  near  the  inner  rim,  as 
the  desired  diminution  of  the  normal  sections  beyond  that  point 
will  be  secured  by  the  curvature  of  the  buckets.  If  the  wheel 
be  cast  the  diminution  of  section  may  be  secured  by  increasing 
the  tliickness  of  the  walls,  as  in  Fig.  203,  the  crowns  being 
plane.  If  the  terminal  angle  be  less  than  13  degrees  the  outer 
depth  (in  this  wheel)  would  be  greater  and  the 
crowns  should  flare  outwards,  as  in  Fig.  204. 
The  radial  flow  for  the  inflow  wheel  is  not 
only  less  than  for  the  outflow  for  similar  con- 
ditions, but  the  quitting  rim  is  also  much  less 
in  proportion,  and  hence,  when  proportioned 
according  to  tliis  system,  the  flare  of  the  buckets  will  be  much 
greater,  as  shown  in  Fig.  205. 

Tlir  direction  of  the  wattr  as  it  leaves  the  outer  rim  is  given  by 
the  equation 

cor 2 


V\r..    20 


cot  8  ■=  cot  y-i  — 


V2  sm  ^2 


where  0  is  the  angle  measured  from  the  rear  arc.     This  gives,  in 
this  case, 

^  -  9r  83', 
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or  the  water  will  be  thrown  foncard  of  the  radius  prolonged  1 
degree  33  minutes  ;  hence  the  direction  should  be  nearly  radial. 
Francis  found,  by  a  movable  vane,  about  34  degrees ;  but  it  is 


Fig.  205. 


difficult  to  account  for  so  large  an  angle,  and  one  is  inclined  to 
think  that  there  was  a  defect  in  the  measurement.  It  is  asserted 
by  some  writers  that  the  quitting  direction  should  be  radial  for 
best  effect,  but  theory  and  experiment  unite  in  showing  that  the 
*  assumption  is  not  true,  except  in  special  cases. 
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The  radial  component  of  the  velocity  at  quitting  will  be 

r,  sin  r,  =  5.1)90, 
or,  say,  «►  feet  per  second.     The  velocity  of  the  quitting  water 
will  be  ic  in  the  equation 

w  sin  6  ~  v.,  sin  y.y ; 

.-.  IV  =  5.99, 

or,  say,  6  feet,  which  is  nearly  the  same  as  the  radial  component, 

as  it  ought  to  be,  since  the  direction  is  nearly  radial. 

The  initial  velocity 

V,  =  6.9, 

or  say,  7  feet,  is  radial  in  this  case,  so  that  the  radial  component 
of  the  velocity  diminishes  from  about  7  feet  to  about  6  feet. 
For  intermediate  points  it  will  depend  upon  the  ring  sections. 

lojind  the  diameter  of  the  shaft.— The  shaft  will  be  subjected 
to  a  twisting  stress.  Let  P  be  a  twisting  force,  and  a  its  arm  in 
feet ;  ;/,  the  number  of  revolutions  of  the  wheel  per  minute  ; 
H.P.  the  number  of  horse-powers  delivered  ;  then 

P.  2  TTcm  _  TT  p 
"33,000  *    • 

n  lb 

where  d  is  in  inches,  -/  the  modulus  of  rupture  to  torsion  =  ^V 
of  50,000,  say. 


/.  r/  =  //  100  ^•^'  nearly. 


n 


If  HP.  =  161,  11  =  52,  then  d  =  6^  inches,  nearly. 

In  tlie  Tremont  wheel,  the  diameter  of  the  sliaft  was  7  inches 
from  the  wheel  to  tlie  upper  bearing,  and  larger  in  the  hub. 

Titpnd  fhft  jKith  of  the  tvater  in  reference  to  the  earth. — Divide  the 
space  V)etween  the  outer  and  inner  rims  into  any  number  of 
parts,  by  concentric  circles.     Suppose  there  are  8  equal  parts, 

r,  =  4.2 

r,  =  3.38 

8/).82 
0.1025  feet  between  consecutive  rings. 
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Xiet  Px,  /.-:,  etc.,  be  the  radii  of  the  successive  annuli,  then 
P>  -  Pi  =  Px  -  >\  =  0.1025  feet. 

The   initial  velocity  being  radial  and  i\  =  7,  nearly,  the  time 
Tequired  to  go  from  the  inner  circle  to  the  next  will  be 

^1  = =  '—rf —  =  0.0146  seconds  ; 

l>ut  in  this  time  the  point  «,  of  the  bucket  will  have  gone  for- 
iw^ard  a  distance 

a,d,  =  PiOjT,  =  0.27  feet. 

The  radial  velocity  at  the  second  arc  will  be 

_    2.T/-t  -  Nt  -^  sin  y,      tj,        _  r,  y,  v,  . 

^r^  -    27rp,  -m-^  sin  r  "y""'-  ^^^  ^^^^^3^  J 

then 

T^  =  ^'  ~  '^\  and  a.,  d,  =  p,  go  {T,  H-  Tj), 

and  so  on  through  the  wheel. 

(I  am  indebted  to  Mr.  F.  D.  Furman,  assistant  in  Stevens  Im- 
stitute,  for  the  computations  in  this  paper. ) 

DISCUSSION. 

Mr.  A.  F.  Nagle. — I  am  not  able  to  follow  Professor  Wood 
through  all  the  calculations  involved  in  this  analysis,  but  the 
close  agreement  between  the  computed  and  actual  results  prompts 
me  to  ask  whether  the  designers  of  the  wheel  arrived  at  their  pro- 
portions by  the  aid  of  such  mathematical  formulas,  or  whether 
their  work  was  quite  empirical  ? 

In  other  words,  was  the  theory  made  to  fit  the  facts,  or  were 
the  facts  evolved  from  the  theory? 

Prof.  De  Yolson  WoodJ" — In  response  to  Mr.  Nagle's  question, 
I  would  say  that  Mr.  Francis,  in  his  Loioell  Hydraulic  Experi- 
Tnents,  states  that  he  copied  from  Boyden's  wheels,  that  Boyden 
■gave  him  very  little  theory.  The  writer  learned,  years  ago,  from 
private  sources,  that  Mr.  Boyden  worked  much  on  the  theory,  but 

*  Author's  closure,  under  the  Rules. 
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did  uot  publish  anything,  so  far  as  known.  Boyden  and  Francis- 
observed  certain  principles  which  are  fundamental  in  the  theory 
for  securing  good  efficiency,  such  as  making  the  terminal  angle 
of  the  buckets  (y-y)  as  small  as  practicable  ;  also,  a  small  terminal 
angle  of  the  guides  (a) ;  also,  that  for  simplicity  the  initial  angle 
of  the  buckets  better  be  90  degrees.  The  particular  curvature 
of  the  crowns  here  found  indicates  that  theory  was  not  applied 
to  it,  and  I  have  yet  to  learn  what  reason  was  assigned  for  curv- 
ing them  at  all. 

Certain  things  cannot  be  evolved  from  theory ;  as,  for  instance, . 
the  particular  values   of  the   terminal   angles  of  the  guides  and 
buckets,  and  the  number  of  buckets.     These  are  assumed  in  ac- 
cordance with  general  principles.     The  same  process  is  observed  1 
in  designing  other  motors. 

In  this  case  there  is  furnished,  as  a  motor,  a  wheel  well 
and  accurately  made,  which  has  been  subjected  to  a  careful  test, 
and  all  the  quantities  involved  have  been  accurately  measured ; , 
and  the  question  is  :  Will  theory  evolve  the  facts  not  assumed  ?  and 
what  must  be  done  to  make  the  theory  fit  the  facts  ?  Every  theo- 
retical formula  a})plied  to  the  solution  of  engineering  problems 
contains  one  or  more  constants  which  may  be  called  "  the  con- 
stants of  circumstances."  These  constants  will  be  different  for 
the  same  class  of  machines  under  different  conditions.  In  the 
Tremont  wheel  these  constants,  representing  prejudicial  resist- 
ances, ought  to  be  comparatively  small,  while  for  a  roughly  made 
cast  wheel  they  would  be  much  larger.  The  greater  part  of  my 
paper  consisted  in  finding  these  "  constants  "  for  this  wheel,  and 
the  modifications  due  to  streams  of  finite  size,  and  it  might 
with  propriety  have  been  entitled  "  the  determination  of  the  con- 
Htants  in  the  theory  of  the  Boyden  wheel,  and  the  modifications 
of  theory  when  applied  to  finite  streams."  It  is  not  known  that. 
the  stream  filled  the  buckets  throughout,  but  the  conditions  have 
been  sought  which  would  cause  them  to  be  so  filled,  and  at  the 
samp  time  give  tlie  observed  speed  and  efficiency.  The  shaft  fric- 
tion is  not  known,  but  ^\r.  Lehmann,  from  an  analysis  of  experi- 
ments on  .*»<)  turbines  varying  from  1  to  500  horse-power,  concluded 
that  the  mean  value  is  al>out  2  per  cent.  Messimer  gives  from  2 
to  8 J  per  cent.  Tf  it  be  2  per  cent,  the  hydraulic  efficiency  in 
this  ca.se  would  be  81  375  per  cent.  Comparing  this  with  the  sec- 
ond column  of  Table  II.  shows  that  the  prejudicial  resistance,  /i,, 
is  less  than  0.15  if  //,  =  0.10.     The  analysis  also  shows  that  the 
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-mean  angle  of  discharge,  ]\,  exceeds  the  vane  angle,  but  no  law 
is  determined  for  its  value.  In  this  case  the  following  values 
give  the  required  quantities  more  accurately  than  those  in 
Table  II.  : 

M,  =  0.10  >u,  =  0.13 

r,  -  15°  a  =  21° 

Q  =  136  cu.  ft.  r,  =  4.0  ff. 

But  the  computed  results  are  already  so  close  to  the  actual  as 
to  make  it  unnecessary  to  repeat  the  computation. 

Theory,  when  applied  to  wheels  of  high  grade,  is  very  strongly 
'  confirmed,  if  not  absolutely  established,  by  this  investigation. 

Since  the  publication  of  this  paper  I  have  learned  that  the 
Tremont  turbine,  after  having  run  continuously  from  about  1849 
to  1892,  or  for  about  forty-three  years,  was  removed  in  the  latter 
year  to  make  place  for  one  of  larger  power.  Also  that  four  other 
turbines  of  the  same  size,  in  the  same  vicinity,  are  being  removed 
(1895),  to  be  replaced  by  larger  ones. 

Mr.  Samuel  Webber,  a  friend  of  Mr.  Boyden,  informs  the  pub- 
lic, through  the  columns  of  the  American  Machinist  of  July  25, 
1895,  that  Ml-.  Boyden  spent  months,  if  not  years,  in  working 
out  the  theory  of  the  turbine,  before  the  first  one  was  con- 
structed;  and  that  he  was  virtually  the  parent  of  many  of  the 
hifjh-grade  turbines  of  the  present  day.  I  append  also  a  table 
•of  the  results  of  experiment,  in  order  to  bring  them  before  the 
members  in  close  connection  with  the  theory. 
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EXPAXSW^^  BEARIN-GS  FOR  BRIDGE  SUPERSTRUC- 
TURES. 

SECOND    PAPER. 

BY   GEORGE    S.    MORISON,    NEW   T'ORK   CITY. 

(Member  of  the  Society.) 

In  the  paper  on  Expansion  Bearings  for  Bridge  Superstruc- 
tures, being  DLXVI.,  presented  at  the  New  York  meeting  in 
December,  1893, t  I  described  the  development  of  expansion 
bearings  for  bridges,  and  especially  the  development  in  my 
own  practice,  and  closed  with  a  description  of.  the  expansion 
bearing  which  I  had  adopted  as  a  standard  practice  in  all  ordi- 
nary cases,  simply  varying  the  dimensions  and  number  of 
rollers. 

Since  then  I  have  found  it  expedient  to  make  certain  possible 
modifications  of  this  bearing.  The  bearing  then  described  is 
very  high  ;  it  requires,  below  the  centre  line  of  the  chord,  one- 
half  the  depth  of  a  stiff  chord,  besides  the  depth  of  the  Top  Plate, 
of  the  Rocker  Plate,  of  the  Bearing  Plate,  of  the  rollers,  and  of 
tlie  Rail  Plate.  This  height  can  be  materially  reduced  by  substi- 
tuting for  tlu^  Rocker  Plate  and  the  Top  Plate  a  single  steel  cast- 
in<;,  wliicli  maybe  called  a  Pin  Casting.  The  bottom  bearing  of 
tiie  Pin  Casting  is  finished  to  a  cylindrical  surface  corresponding 
t^)  the  under  side  of  the  Rocker  Plate,  and  the  upper  bearing  is 
taken  directly  on  the  end  pin  of  the  truss.  This  arrangement  is 
s1h)wii  on  tlie  accompanying  sketch  (Fig.  206).  The  two  rocking 
surfaces  at  riglit  angles  to  each  other  are  retained  ;  one  of  these 
is  the  cylindrical  surface  on  the  under  side  of  the  Pin  Casting, 
and  tlie  other  is  on  the  pin  itself.  The  arrangement,  there- 
fore, adapts  itself  to  all  irregularities  of  bearing  as  well  as  the 
standard  with   the  Rocker  Plate  does.     It  is  very  much  more 

*  Prr».#*ntpd  at  the  Detroit  meeting  (June,  189."))  of  the  American  Society  n( 
Merhaniral  Knjrjn»ers,  and  forming  part  of  Volume  XVI.  of  the  TranHactioas. 

f  TmriHtirtioyiM  of  tfi*t  Americnji    Koeicti/  of  Mechanical   Engineers,   vol.    xv. 
p.  KZ. 
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compact,  as,  iu  the  small  fcnii-roller  bearing  shown  in  the 
sketch,  it  saves  ten  inches  in  height,  and  the  saving  would  be 
«'reater  under  heavier  spans.  Where  ample  height  can  be  had 
it  lias  no  advantages,  and  even  has  the  disadvantage  of  making 
the  bearing  surfaces  comparatively  inaccessible. 

This  modified  bearing  can  be  used  Avliere  the  end  panel  of  the 
bottom  chord  is  of  eyebars,  the  Pin  Casting  taking  the  place 
of  the  usual  bolster.  If  the  standard  bearing,  as  formerly 
described,  is  used  under  a  bolster,  the  pin  on  which  the  bolster 
turns  and  the  rocker  plate  make  two  rocking  motions  in  the 
same  plane,  a  condition  which  is  necessarily  unstable.  All  the 
older  bridges  have  eyebars  in  the  end  panels  of  the  bottom 
chords.  This  cannot  now  be  considered  good  practice  for 
through  bridges,  though  it  is,  perhaps,  all  right  for  deck  bridges. 
The  arrangement  now  described  adapts  this  system  of  bearing 
to  structures  of  this  class. 

The  objection  has  been  raised  to  this  form  of  bearing,  tliat, 
while  it  works  perfectly  well  under  expansion  and  contraction, 
there  is  danger  that  the  rollers  will  get  out  of  place  under  per- 
petual jar,  and  will  then  have  to  be  reset.  This  objection  is  not 
really  a  serious  one,  and  it  applies  with  at  least  equal  force  to 
the  ordinary  round  rollers,  which  not  only  get  out  of  place,  but 
become  badly  skewed.  With  the  large  segmental  rollers,  how- 
ever, this  difHculty  can  be  entirely  obviated,  a  thing  which  it  is 
dithcult  to  do  with  round  rollers.  Some  years  ago  Mr.  C.  O.  Gleim, 
of  Hamburg,  adopted  the  expedient  of  toothing  the  middle  roller, 
the  pitch  line  of  the  tooth  corresponding  to  the  bearing  surface  of 
tlie  roller,  tliis  arrangement  being  mathematically  correct,  but 
liaving  tlie  disadvantage  of  requiring  toothed  side-plates  on  the 
upper  and  lower  hearings,  which  would  extend  below  and  above 
the  general  surfaces  and  interfere  with  cleaning  the  rollers — an 
objection  much  less  serious  in  Germany  than  along  some  of  our 
dusty  western  rivers.  Mr.  C.  C.  Schneider,  in  his  recent  design 
for  tlic;  Blackwell's  Island  Bridge,  adopts  slotted  bars  attached 
to  each  end  of  the  central  roller,  and  playing  on  ])ins  in  the  upper 
and  lower  bearings — a  device  which  seems  good. 

I  have  worked  out  a  simple  arrnngement,  ada[)ted  to  the  bear- 
ings which  have  l)een  described  in  my  ])apers,  in  which  the  centre 
roller  is  tootlied  by  fitting  special  steel  plates  into  grooves  ])laned 
on  tlie  axial  line  at  eacli  end,  these  plates  projecting  beyond  the 
roller,  and  forming  teeth  which  mesh  into  spaces  cut  in  the  rail 
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plates  below  and  the  beariDg  plates  above.  The  illustration  here- 
with shows  the  detail  (Fig.  207).  It  is  really  a  simple  modification, 
of  Mr.  Gleim's  plan.  It  will  be  observed  that,  as  the  whole  tooth 
is  beyond  the  rolling  surface,  it  is  beyond  the  theoretical  pitch 
line ;  but  with  the  limited  amount  of  motion  required  this  is  not  a 
serious  defect,  and  a  little  play  around  this  tooth  will  do  no  real 
harm. 

DISCUSSION. 

Mr.  Gustavus  C.  ILemiinff. — I  should  criticise  the  author's- 
last  arrangement,  for  the  reason  that  a  bar  which  is  supposed  to 
bear  the  entire  strain  of  the  bridge,  which  must  be  equal  to  the 
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frictional  resistance  of  these  rollers  on  the  bearing,  is  counter- 
acted by  two  little  stud  bolts,  as  shown  there.  Suppose  these 
segmental  pins  are  10  inches  high,  then  these  bolts  as  drawn  are 
hardly  1  inch  in  diameter.  Now  as  this  bar,  which  meshes  into 
the  plates  above  and  below,  is  sup})osed  to  resist  the  entire  fric- 
tional resistance  between  the  plates  and  the  rollers,  under  the 
jarring  of  the  bridge,  why,  that  plate  should  be  held  rigidly 
against  the  rollers  with  sufficient  force  to  withstand  that  fric- 
tional resistance.  If  one  of  the  rollers  is  toothed,  why,  then,  of 
course,  it  is  provided  for  ;  but  a  simple  little  plate  like  that,  held 
by  two  1-incli  bolts,  will  certainly  be  mashed,  or  the  bolts  will  be 
sheared  off,  before  the  desired  effect  is  obtained  of   jn-eventing 
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the  motion  of  the  rollers  either  on  the  bed  or  on  the  bearing  plate 
4ibove  the  rollers. 

J]//'.  George  S.  Morlson!^ — Mr.  Henning  apparently  misses  the 
detail  by  which  the  tooth-plates  are  fitted  into  the  rollers  ;  these 
plates  are  accurately  fitted  into  grooves  which  extend  the  whole 
depth  of  the  roller ;  the  frictional  resistance  is  counteracted  by  the 
side  bearings  in  the  groove,  and  not  by  the  two  little  stud  bolts. 
*  Author's  cJsoure,  under  the  Rules. 
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DCXL* 
A   NEW  SHAFT  GOVERNOR. 

BY  E.  J.  ARMSTRONG,  OSWEGO,  N.  T. 

(Member  of  the  Society.) 

Probably  the  most  essential  qualification  of  a  good  governor 
is  stability.  A  small  drop  in  speed,  under  load,  usually  does  no 
harm,  but  instability  is  a  fault  not  to  be  tolerated  ;  to  combine 
stability,  sensitiveness,  and  close  regulation,  has  always  been  a 


Fig.  208. 

difficult  problem.  In  the  single-weight  type  of  governor,  orig- 
inally invented  by  our  Past-President,  Prof.  John  E.  Sweet,  and 
built  by  him  and  others  for  a  number  of  years,  the  principle 
aimed  at  has  been  to  employ  a  heavy  fly- weight,  revolving  in  the 

*  Presented  at  the  Detroit  meeting  (June,  1895)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Transactions. 
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lar«]^est  possible  circle,  and  to  reduce  the  inertia  and  friction  of 
all  connected  parts  to  a  minimnm.  So  designed,  the  action  of 
the  governor  is  extremely  quick,  passing  through  its  entire  range 
in  (Mie-quarter  of  a  second,  when  the  full  load  is  instantly  thrown 
on  or  off.  If  not  adjusted  too  close  to  isochronism,  the  stability 
is  nearly  perfect.  Two  per  cent,  drop  between  no  load  and  five- 
eighths  cut-off,  equivalent  to  about  one  per  cent,  between  no 
load  and  one-fourth  cut  off,  will,  at  300  revolutions,  give  such  a 
^legree  of  stability  that,  with  the  load  held  steady  by  Pronj 


Fig.  209. 


"brake,  indicator  cards  traced  continuously  for  a  minute,  show 
lines  only  about  one  thirty-second  of  an  inch  wide  at  any  point. 
Much  closer  adjustment  is  liable  to  develop  a  tendency  to  race, 
;ind  is  for  that  reason  impracticable.  This  unavoidable  drop, 
wliih;  ver}'  seldom  being  of  any  consequence  in  actual  service, 
has  sijHietimes  b(;en  urged  as  an  ()l)jection,  perhaps  by  the  other 
Halesman,  and  it  has  seemed  desirable  to,  at  least,  be  able  to  give 
closer  regulation.  Being  unwilling  to  secure  a  smaller  drop  in 
s])eed  l)y  any  device  which  would  affect  stability,  or  in  any  way 
retard  the  (juick  response  of  the  governor  to  a  change  in  load,  the 
writer  devised  and  liuilt  a  govern o  vv^hich  a  shifting  weight 
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^as  employed,  as  shown  in  Figs.  208  to  210,  so  arranged  that 
for  every  position  of  the  governor  there  would  be  a  correspond- 
ing point  of  equilibrium  for  the  shifting  weight.  If  there  is  a 
certain  drop  in  speed  between  the  extreme  outer  and  inner  posi- 
tions of  the  governor  (Figs.  208  and  209),  the  shifting  weight  and 
the  curved  chamber  in  which  it  rolls  are  so  proportioned  that  its 
^veight,  transferred  from  one  position  to  the  other,  will  just  bal- 
ance this  drop,  by  changing  the  centre  of  gravity  of  the  governor 
weight  as  a  whole,  and  so  maintain  a  uniform  speed  throughout 


Fig.  210. 


the  governor  range.  To  illustrate  :  Suppose  an  engine,  running, 
say,  300  revolutions  without  load,  and  the  governor  weight  in  the 
position  shown  in  Fig.  209,  the  shifting  weight  being  in  its  outer 
position.  Upon  a  heavy  load,  requiring  three-quarter  cut-off  for 
its  negotiation,  being  suddenly  thrown  on,  the  fly-weight  will 
immediately  take  the  position  shown  in  Fig.  210,  and  will  drop  to, 
say,  295  revolutions  ;  then  the  shifting  weight,  being  out  of  equi- 
librium, rolls  over  into  the  position  of  Fig.  208,  in  which  position 
its  leverage  upon  the  spring  is  reduced,  and  it  must  in  conse- 
quence run  300  revolutions  to  again  balance  the  spring.  The 
shifting  weight  is  simply  a  short,  solid  cylinder,  and  the  curved 
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chamber  in  which  it  rolls  is  filled  with  oil.  Its  fit  in  this  cylin- 
der is  sufficiently  loose  to  permit  the  passage  of  oil  past  it,  as  it 
rolls  from  one  position  to  another,  thus  acting  as  a  dash-pot,  to 
prevent  its  movements  being  rapid  enough  to  interfere  with  the 
stability  of  the  governor.  The  effect  is  to  make  the  governor 
practically  isochronous.  Instantaneous  changes  of  load  are  not 
usually  of  large  amount,  and  therefore  the  error  which  the  shifts 


Fig.  .311. 

ing  weight  has  to  correct  each  time  is  small.  If  the  loads  change 
more  gradually,  the  speed  does  not  vary  at  all  perceptibly,  for  the 
shifting  weight  corrects  for  each  small  change  nearly  as  soon  as 
made.  It  is  entirely  practicable  to  over-correct  in  this  manner, 
and  HO  produce  a  governor  whicli  will  run  considerably  faster 
loaded  than  light.  Just  how  far  this  can  be  carried  the  writer 
does  not  knfjw,  Ijut  its  capabilities  in  this  direction  are  certainly 
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beyond  any  probable  requiremenis  of  practice.  Arranged  in 
this  way,  and  with  the  load  slowly  applied,  the  tachometer 
needle  steadily  moves  upward,  precisely  as  with  the  ordinary 
governor  it  moves  dow^nward  under  the  same  conditions. 

A  variation  of  the  scheme,  upon  which  the  writer  is  at  pres- 
ent ex]Derimenting,  consists  simply  in  the  use  of  oil  or  oth§r 
liquid,  as  the  shifting  weight  ;  this  has  the  advantage  of  per- 
mitting a  small  weight  to  be  shifted  through  a  large  range, 
which  is  quite  desirable,  and  it  is  also  somewhat  simpler, 
though  the  device  illustrated  adds  but  one  mo\dng  piece  to  the 
governor. 

DISCUSSION. 

J/r.  Robert  Allison. — In  a  pamphlet  issued  a  few  years  ago  by 
a  prominent  eugine  builder  (a  member  of  the  Society)  it  was 
stated  that  the  governor  on  his  engine  could  be  so  adjusted  that 
the  engine  would  run  faster  loaded  than  light.  When  I  saw  the 
statement  I  did  not  place  much  credence  in  it,  thinking  it  might 
possibly  be  designed  merely  to  assist  in  the  sale  of  the  eugine ; 
but  when  I  read  Mr.  Armstrong's  paper  on  a  new  shaft  governor, 
and  saw  the  same  claim,  that  his  governor  could  be  arranged  to 
run  the  engine  faster  loaded  than  light,  I  confess  I  was  somewhat 
staggered  in  my  views.  Mr.  Armstrong  says  :  "It  is  entirely 
practicable  to  over-correct  in  this  manner,  and  so  produce  a  gov- 
ernor which  will  run  considerably  faster  loaded  than  light."  I 
have  given  the  subject  of  shaft  governors  considerable  study  dur- 
ing the  past  three  years,  and  have  patented  a  governor  (Fig.  212) 
which  I  think  has  some  good  features,  but  I  have  always  worked 
on  the  lines  that  there  must  be  a  percentage  of  loss  in  speed 
between  no  load  and  load,  and  that  takes  place  in  all  governors 
which  depend  on  centrifugal  force  for  their  action.  I  think  it  will 
be  admitted  that  load  has  no  effect  on  the  governor  except 
through  a  change  in  speed,  and  that  the  governor  will  adjust  itself 
to  the  speed.  Should  the  engine  be  running  300  revolutions  the 
weights  will  take  a  position  due  to  the  centrifugal  force,  regardless 
of  the  load,  and  the  weights  will  always  take  the  same  position  at 
the  same  speed.  The  time  required  for  the  weights  to  adjust  them- 
selves from  one  speed  to  another  can  be  modified  by  the  inter- 
position of  dash-pots,  springs,  angular  tracks  for  loose  weights  to 
travel  in,  and  other  means ;  but,  all  the  same,  the  weights  will 
finally  adjust  themselves  to  the  speed,  and  it  can  hardly  be  ex- 
pected that  because  the  load  is  light  in  the  morning  and  heavy  iu 
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the  afteruoou  that  the  weights  will  adjust  themselves  so  as  to 
give  tlie  increased  quantity  of  steam  required  for  the  increased 
load,  and  the  speed  remain  the  same.  I  am  open  to  conviction 
in  this  matter,  and  would  be  very  glad  indeed  to  have  Mr.  Arm- 
strong, or  any  other  member,  put  this  matter  in  such  shaj^e  that 
I  can  understand  why  the  governor  weights  should  take  one  posi- 
tion to-day,  with  a  speed  of  300  revolutions,  and  another  position 


Differential    Shaft    Governor. 
Fig.  212. 

to-moiTow,  witli  the  same  speed.  This  brings  us  back'  to  the 
proposition  that  there  must  be  a  percentage  of  loss  in  speed,  in 
changing  from  light  to  load.  Tliis  percentage  can  be  reduced  by 
various  meann,  but  if  carried  too  far,  the  stability  may  be  affected. 
1  hope  I  have  made  my  position  clear  in  this  matter,  and  if  I  am 
wrf>ng  I  may  be  set  riglit. 

In  connection  with  mygovernoi-,  which  loses  in  speed  when  the 
load  goes  on,  which  I  claim  must  b(.  the  case  with  every  governor 
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anade  that  depends  on  centrifugal  force  for  its  action,  if  anybody 
here  is  interested  in  a  governor  that  will  not  increase  in  speed  as 
the  load  increases,  this  is  the  governor  that  will  suit  him.  The 
^flying  weights  and  springs  are  mounted  on  differential  levers,  with 
knife-edged  bearings,  thus  reducing  the  friction  to  the  minimum ; 
the  weights  act  directly  on  the  sliding  bar  and  pin,  which  gives 
motion  to  the  slide  valve  ;  the  elongation  of  the  springs  in  action 
is  adjusted  by  shifting  the  spring  connection  on  the  levers  ;  moving 
toward  end  of  lever  lessens  the  elongation,  and  moving  toward 
fulcrum  increases  the  elongation.  The  tension  of  the  springs  is 
regulated  by  the  right  and  left  hand  screws  in  the  ends  of  springs, 
and  can  be  adjusted  to  any  speed  or  work  to  be  done.  The 
movement  of  the  sliding  bar  is  controlled  by  dash-pots,  which 
prevent  a  too  sudden  movement  of  the  bar,  and  prevent  the 
annoying  see-saw  movement  found  in  many  engines  of  this  class. 
Another  important  feature  is  the  provision  for  changing  the  lead 
on  the  slide  valve.  B}^  slacking  two  nuts  the  whole  governor  can 
be  moved  backward  or  forward,  thus  giving  more  or  less  lead  to 
the  valve,  making  it  possible  to  adjust  the  valve  in  a  few  seconds 
to  the  most  advantageous  point. 

The  regulation  and  uniformity  of  motion  by  this  governor  are  all 
iihat  can  be  desired,  the  actual  variation  in  speed,  from  no  load  to 
full  load,  being  less  than  IJ  per  cent. 

I  am  not  here  to  claim  that  the  engine  will  run  faster  loaded 
than  light  with  this  governor.  1  will  just  state  further,  that,  since 
writing  this  criticism  on  Mr.  Armstrong's  governor,  I  have  been 
informed  that  there  are  several  engines  in  Detroit  that  run  faster 
with  the  load  on  than  with  the  load  off.  I  think  this  is  rather  a 
reckless  statement,  but  still  it  may  be  so. 

Prof.  Jolin  E.  Sweet — I  am  afraid,  if  we  open  this  governor 
question,  we  shall  not  get  through  to-day.  I  want  to  say,  in  regard 
to  Mr.  Armstrong's  device,  that  the  worst  thing  about  it  is  that  it 
works.  He  is  entitled  to  a  good  deal  of  credit  for  the  simplicity 
with  which  he  has  accomplished  that  thing,  if  it  is  at  all  desirable. 
I  question  the  desirability  of  it,  because,  as  he  states  the  case,  it 
runs  at  300  revolutions,  and  when  he  puts  on  a  load  his  engine  falls 
to  295,  and  again  speeds  up.  The  question  is,  whether  we  would 
rather  it  would  fall  off  to  295  and  go  up  to  300  than  to  fall  off  to  298 
and  stay  there?  There  is  another  consideration  of  the  question 
that  has  occurred  to  me — that  we  all  of  us  have  been  working  on 
the  wrong  line.     If  an  engine  is  running  300  revolutions,  and  we 
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put  on  a  load  and  bring  ifc  down  to  298,  we  have  all  wanted  the 
governor  to  get  there  as  quickly  as  it  possibly  could.  Now  that  is 
not  what  we  want  to  do  at  all.  It  should  be  the  longest  possible 
time  in  getting  down  to  298 ;  in  fact,  we  would  rather  it  would 
never  get  there  at  all. 


SHOWING    LONG    RADIAL   RANGE. 

Fig.  213. 


Mr.  John  A.  Brashear. — I  think  that  is  the  case  with  Mr.  Sweet's 
straight-line  engine  and  governor,  which  I  think  is  the  best  engine 
in  the  world.     I  believe  I  did  detect  a  difference  of  1  revolution  in 
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Pio.  214. 


210,  between  throwing  on  a  heavy  dynamo  which  put  on  5  horse- 
|K>werand  a  lot  of  other  machinery.  In  fact,  I  don't  think  I  want 
anything  better  than  that  governor. 
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Mr.  Ezra  Fawcett. — In  a  shaft  governor  combining  stability, 
sensitiveness,  and  close  regulation,  the  governor  weights  should 
pass  through  as  short  radial  range  as  consistent  with  their  inner 
and  outer  working  position.  In  practice  with  long  range  (Fig.  213) 
and  short  radial  range  of  governor  weights  (Fig.  215),  the  short 
or  medium  range  fulfils  the  requirements  more  satisfactorily,  with 
close  regulation  of  less  than  1  per  cent.,  and  the  tendency  to 
racing  reduced  to  minimum. 

The  stability  and  quick  action  of  the  single-weight  shaft  gov- 
ernor (Fig.  214),  by  Prof.  J.  E.  Sweet,  in  the  paper,  is  due  to  its 
simplicity,  medium  short  radial   range,  and  balance  of  eccentric 


SHOWING    SHORT    RADIAL   RANGE. 

Fig.  215. 

find  its  connections.  As  to  the  author's  further  experiments  with 
his  shifting  weight,  imihin  the  governor  loeight proper ^  I  hope  he 
^'ill  present  the  results  to  this  Society  at  an  early  date. 

Mr.  E.  J.  Aivnstrong.^ — This  paper  was  written  to  bring  to 
notice  a  device  for  obtaining  isoclironous  governing,  and  not  to  ad- 
Tucate  its  use;  indeed,  tlie  remark  is  made  that  "  the  unavoidable 
drop  of  the  ordinary  governor  is  seldom  of  any  consequence  in  act- 
ual practice."  Many  designers  have  thought  otherwise,  and  have 
brought  out  more  or  less  complicated  devices  to  secure  the  same 
speed  at  all  loads  ;  hence  it  was  thought  that  the  accomplishment 
of  tliis  purpose  by  the  use  of  a  single  additional  piece  might  be  of 
iTiterest.  Professor  Sweet  says  it  would  be  better  not  to  drop  to 
295  and  then  come  back  to  300,  but  to  go  down  to  298  and  stay 
^here,  which  is  all  right,  only  it  happens  : 

*  Author's  closure,  under  the  Rules. 
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First.  That  nobody  biiikls  a  governor  which  only  lets  the- 
engine  slow  up  2  revolutions  upon  throwing  a  three-quarter  cut- 
oft'  load  on  instantly;  indeed,  it  is  hard  to  prevent  it  dropping  10 
revolutions  for  the  instant ;  and  aside  from  this  momentary  fluc- 
tuation, if  any  one,  without  special  devices,  governs  closer  than 
5  revolutions  for  the  total  governor  range,  the  writer  is  not  aw^are 
of  it. 

S^'C(>fi(/.  This  device  does  not  interfere  in  the  least  with  the 
usual  action  of  the  governor,  so  far  as  causing  it  to  drop  off  more 
is  concerned  ;  and 

Tlurd.  If  the  load  is  applied  slowly,  as  is  usual  in  most  work, 
the  speed  does  not  change  at  all  perceptibly,  for  each  small 
change  is  corrected  nearly  as  soon  as  made. 

The  writer  must  take  issue  with  Professor  Sweet  when  he  says 
we  don't  want  to  govern  quickly.  The  principal  reason  his  gov- 
ernor is  better  than  a  good  many  others  is  because  it  is  quick er,„ 
and  if  it  were  twice  as  quick,  it  would  stand  sudden  changes  of 
load  still  better.  The  proof  is  the  momentary  fluctuation.  Small 
changes  of  load  are  no  test.  Throwing  125  horse-power  instan- 
taneously off  and  on  a  lOO-horse-power  engine  tells  the  story,, 
with  the  aid  of  a  good  tachometer. 

Mr.  Allison  questions  whether  a  governor  can  be  made  to  run 
faster  loaded  than  light  ;  this  has  been  accomplished  by  so  many 
diff*erent  ])ersons,  and  in  so  many  different  ways,  that  it  hardly 
needs  an  argument.  He  mentions  the  position  of  the  weight  as 
depending  on  the  speed,  and,  reasoning  in  that  way,  is  unable  to 
see  how  it  can  take  different  j)ositions  at  the  same  speed  ;  the 
position  of  the  weight  really  depends  on  the  load,  for  the  weight 
goes  where  it  will  admit  steam  enough  to  carry  the  load,  and  the 
speed  i.s  that  necessary  to  enable  the  weight,  wdiile  in  this  posi- 
tion, to  balance  the  spring.  Kow,  if  one  could  get  at  the  gov- 
ernor weight  while  running,  and  take  out  or  put  in  some  weighty 
no  one  will  question  that  the  speed  would  become  faster  or  slower, 
as  the  case  might  be,  and  that,  in  effect,  is  what  this  device  does. 
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THE    STRENGTH    OF   IRON  AS  AFFECTED    BY    TEN- 
SILE STRESS   WHILE  HOT. 

BY    DE    Vor.SOX    WOOD,    HOBOKKX,    N.   J, 

(Member  of  the  Society.) 

Ix  order  to  determine  tlie  effect  of  subjecting  iron  to  a  stress 
while  hot,  I  had  twelve  specimens  of  good  iron  prepared  for  the 
testing  machine  by  making  the  middle  portion  for  about  five 
inches  cylindrical,  and  0.770  inches  in  diameter.  Two  of  these 
were  broken  cold,  to  determine  the  strength  in  its  normal  con- 
dition, the  mean  value  of  which  was  50,500  pounds  per  square 
inch.  Six  of  the  others  were  heated  in  a  forge  to  a  dull  red 
heat,  and  at  once  subjected  to  a  pull  of  4,200  pounds,  being  one- 
fifth  the  strength  indicated  by  the  first  two  specimens,  and  the 
stress  remained  uniform  for  fifteen  minutes,  after  which  they 
were  removed  from  the  machine  and  allowed  to  cool,  some  in 
Avater  and  others  in  air.  It  is  not  apparent  that  the  manner  of 
cooling  made  any  difference  in  the  ultimate  strength.  The  six 
pieces  gave  the  following  results  : 

Maxiiiiiiiii  strength ol.oSO  pounds  per  square  inch. 

Minimum  '•        47.720 

Mean  of  the  six  specimens 49.765        "  ■  " 

Four  specimens  were  heated  in  a  similar  manner,  though 
some  of  them  were  made  somewhat  hotter,  and  subjected  to  a 
uniform  stress  of  5,7U0  pounds,  being  about  one-quarter  the 
strength  indicated  by  the  two  first  specimens,  and  the  stress  con- 
tinued for  about  fifteen  minutes.  They  were  afterwards  broken 
cold,  with  the  following  results  : 

Maximum    51,150  pouodsper  square  inch. 

Miniuuim 48.290 

Mean  of  the  four 50.026 

The  mean  results  indicate  that  there  is  a  slight  diminution  of 
strength  by  stretching  iron  when  hot,  but  if  the  stress  does  not 

*  Presented  at  the  Detroit  meeting  (June,  1895)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Transnctiomt. 
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exceed  one-quarter  of  the  ultimate  strength,  the  loss  of  strength 
is  scarcely  more  than  IJ  per  cent.  The  accompanying  table 
indicates  that  unless  there  be  a  perceptible  elongation  while 
hot,  the  specimen  is  not  weakened  by  the  treatment.  Thus,  one 
specimen  elongated  0.28  of  an  inch  for  a  length  of  live  inches, 
under  a  stress  of  5,700  pounds ;  another  0.28  of  an  inch  for  the 
same  length,  under  a  stress  of  4,200  pounds,  and  still  another 
0.32  of  an  inch,  for  the  same  length  and  stress  as  the  former 
ones  ;  and  tliese  icere  the  only  specimens  which  broke  of  less  than 
50,000  pounds  per  square  inch.  It  is  probable  that  these  were 
hotter  than  the  others  when  the  stress  was  applied,  as  the  eye 
was  the  only  guide  for  determining  the  degree  of  heat. 

DISCUSSION. 

J/r.  Gusfcivus  C.  Henniiig. — It  seems  to  me  that  the  conclusions 
of  this  paper  might  have  been  anticipated  in  advance  of  the 
experiments.  It  was  certainly  to  be  expected  that  when  the 
■section  of  a  bar  of  iron,  while  hot,  is  reduced,  that  it  cannot  carry 
as  great  a  load  as  when  larger,  before  reduction,  and  such  re- 
duction of  strength  is  proportionate  to  the  reduction  in  size.  In 
other  words,  a  large  bar  is  stronger  than  a  small  one. 

Ill  test  37- )8.  the  test  piece  is  reduced  4.6  per  cent,  while  hot ; 
tlien,  after  cooliug,  the  strength  is  reduced  4.4  per  cent. 

In  test  3740,  the  test  piece  is  reduced  5  6  per  cent,  while  red 
hot;  then,  when  tested  cold,  it  shows  5.5  per  cent,  less  strength 
than  before. 

In  test  3745,  the  test  piece  is  reduced  6.4  per  cent,  while  red  hot, 
and  we  find  the  cold  test  shows  5.1  per  cent,  less  strength. 

T-tking  the  actual  strength  of  the  iron  as  50,500  pounds,  as 
given,  page  739,  then  these  test  pieces,  373S,  3740,  and  3745,  after 
heating,  stretching,  and  cooling,  should  have  shown  tenacities  re- 
duced bv  4.6  per  cent.,  bS  per  cent.,  and  6.4  per  cent.,  or  48,177 
pounds.  47,672  pounds,  and  46,268  ])ounds;  but  they  actually 
showed  48.290  pounds,  47,720  pounds,  and  47,970  pounds  tenacity, 
which  are  such  slight  differences  as  to  be  negligible. 

]^o\v,  when  we  consider  that  the  temperature  was  guessed  at,  and 
that  the  error  of  observation  in  the  testing  machine  and  of  meas- 
urements might  have  been  each  at  least  h  per  cent.,  and  that  the 
individual  machines  might  vary  more  than  1  per  cent.,  it  will  be 
at  once  apparent  that  we  don't  know  any  more  about  iron  now, 
^fter  these  tests  were  made,  than  we  did  some  thirty  years  ago. 
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THE   OLD   AND    THE  NEW. 

BY  HOBKKT  Al-l.lSON,  POUT  CAKBON,  PENN. 

(Member  of  the  Society.) 

At  a  reunion  held  at  the  house  in  New  York  of  the  American 
Society  of  Mechanical  Engineers,  in  April,  1893,  one  of  the 
s])eakers't"  made  some  remarks  in  reply  to  the  presentation  to 
the  Society  of  a  portrait  of  the  late  Mr.  Harrison  of  locomotive 
fame.  In  his  remarks  he  stated  that  the  mechanics  who  con- 
structed the  first  locomotives,  with  the  tools  and  appliances 
then  available,  deserved  more  credit  than  the  mechanics  who 
huild  the  splendid  machines  of  the  present  day.  Having  this 
in  mind,  I  thought  it  might  interest  some  of  the  younger  mem- 
bers of  the  Society  to  learn  of  the  difficulties  and  trials  of  the 
old-time  machinists,  of  which  the  writer  was  one. 

It  is  now  about  fifty-one  years  since  I  first  entered  a  machine^ 
shop  as  an  apprentice,  in  1844,  my  first  experience  being  in  the 
sho])s  of  Haywood  &  Snyder,  at  Pottsville,  Penn.  The  shops  were 
considered  as  well  equipped  as  any  in  the  interior  of  the  State  ; 
there  were  two  or  three  slide  lathes  (not  screw  cutting)  in  the 
sliop,  but  most  of  the  turned  work  was  done  with  the  slide  rest,, 
and  all  the  small  turning  was  done  with  hand  tools.  There  was 
one  ])hining  machine  in  the  shop,  the  table  being  pulled  back 
and  forth  with  a  common  one-half-inch  chain.  I  recollect  that 
til  is  chain  would  break  frecpiently,  sometimes  two  or  three  times 
a  (hiy,  so  a  number  of  open  links  were  kept  on  hand  to  make  quick 
repairs.  Tlie  cross  feed  was  automatic  ;  all  other  feed  directions 
wpro  V)y  hand.  Those  of  you  who  have  had  any  experience  in  a 
modern  shop  will  ap])reciate  the  difference  between  those  crude 
machines  and  the  machines  now  in  use. 

The  work  done  in  the  shops  was  principally  steam  engines^ 

*  I*re>*entp<l  at  th»*  I)ftroit  nxietinp  (.Jiinc,  189">)  of  the  American  Society  of 
MiTlianu-al  Entririe^-rs.  and  fomiini^  ptirt  of  Volume  XVI.  of  the  TrdiiHdclhmis. 

f  Mr.  .J.  F.  IloUoway,  of  Nfw  York,  ex-prcsident,  received  in  tlie  njune  of  tlie 
Kociety  ih**  oil  p<»rtrait  of  .Mr.  .lo.-epli  Iljurison,  tlie  <iift  to  the  Societv  from  liis 
■widow,  tliroujrh  th-  inHiu-nc»;  of  liin  iicplic^w,  >fr.  lienry  Harrison  Suplee. 
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and,  notwithstanding  the  poor  facilities,  many  good  engines  were 
turned  out,  some  of  which  are  in  use  to-day. 

After  working  in  the  Pottsville  shops  about  one  year,  I  was 
sent  to  Danville,  to  the  branch  shops  in  that  place,  my  masters 
having  taken  the  contract  to  make  the  machinery  for  the  Mon- 
tour Eolling  Mills,  the  first  mills  in  the  United  States  to  make 
"T"  rails.  The  mills  were  constructed  under  the  supervision 
of  Mr.  Henry  Brevoort  — some  of  you  may  remember  him.  as  he 
was  located  in  New  York  after  leaving  the  Montour  Mills.  I 
shall  always  have  pleasant  recollections  of  Mr.  Brevoort,  as  he 
took  special  interest  in  me  and  my  work,  and  would  frequently 
insist  on  certain  pieces  of  work  being  placed  in  my  hands  for 
execution ;  for,  while  I  was  only  an  apprentice,  he  thought  that 
I  did  better  than  some  journeymen. 

The  shop  was  equipped  with  two  large  lathes,  thiity-six-inch 
swang,  mounted  on  heavy  wooden  shears,  and  the  turning  was 
done  with  heavy  slide  rests  ;  there  were  also  three  smaller  lathes 
on  wooden  shears,  with  slide  rests  ;  and  two  hand  lathes,  operated 
exclusively  with  hand  tools ;  also  one  drill  press  and  one  screw- 
cutting  machine — this  constituted  the  whole  plant. 

The  whole  of  the  rolling  mills  proper  were  built  in  this  shop,. 
the  engines  being  built  in  the  Pottsville  shops.  In  the  early 
days  of  rolling  mills,  you  remember,  the  engines  were  made 
long  stroke,  usually  six  feet,  and  the  rolls  w^ere  driven  with  gearing 
so  as  to  get  up  the  proper  speed,  the  piston  speed  of  the  engines 
being  about  three  hundred  feet,  the  gear  wheels  being  large  in 
diameter  ;  t]iere  were  no  facilities  for  boring  the  hubs,  and  they 
had  to  be  keyed  on  the  shaft  with  six  or  eight  keys.  This  neces- 
sitated much  chipping  of  key  seats. 

Shafts  were  all  ma  le  of  cast  iron  of  large  diameter,  with  bo-ses 
in  proper  places  for  wheels  ;  the  bosses  were  turned  off,  and  tlien 
eight  flat  places  were  chipped  and  filed  true  lor  keys,  the  wheel 
hubs  were  cored  out  al)out  one  and  one-half  inches  larger  than 
the  shafts,  and  eight  key  seats  cut  of  proper  width  and  taper,, 
according  to  the  size  of  the  shaft ;  then  the  wheel  was  staked  on 
the  shaft  with  four  short  w.  dges  on  each  side,  leaving  four  of  the 
key  seats  clear.  It  required  considerable  skill  to  get  the  wheels 
true  on  the  shafts,  and  but  few  were  able  to  make  a  good  job. 
After  the  wheels  were  staked  on  true,  four  of  the  keys  were 
fitted  and  driven  home,  the  stake  wedges  removed,  and  the  other 
four  keys  fitted.     Large  cranks  were  fitted  to  shafts  in  the  same 
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wav.  The  whole  operation  required  a  great  deal  of  skill,  and 
unless  a  man  was  an  expert  chipper  and  filer  he  would  make 
very  slow  progress.  The  turning  of  large  shafts  was  slow  and 
tedious ;  the  writer  remembers  having  a  cast-iron  shaft  ten 
inches  diameter  and  about  ten  feet  long  being  given  to  him  to 
turn  on  a  hand  lathe,  with  hand  tools,  the  slide  rests  all  being 
ill  use,  the  tools  used  being  hook  tools,  *' V"  and  round  nose, 
button  and  spike  heads.  Just  imagine  the  feelings  of  a  machinist 
of  the  present  day  if  confronted  with  a  job  of  that  kind !  I  also 
remember  another  job  that  almost  made  me  sick  :  this  was  forty 
set-screws,  one  and  three-quarters  inches  diameter,  about  four 
inches  long  ;  the  iron  was  seamy  and  hard,  they  had  to  be  turned 
from  point  to  head  and  thread  chased  the  whole  length.  You 
can  liardly  imagine  the  condition  of  mind  I  was  in  by  the  time  I 
finished  the  last  screw  ;  and  I  think  that  if  there  had  been  about 
five  more  in  the  lot,  the  country  would  have  been  obliged  to  get 
along  without  my  services  as  a  machinist,  as  I  would  have  quit 
the  business  in  disgust. 

The  chasing  of  screws  by  hand  was  one  of  the  things  we  all 
had  to  learn.  Starting  the  thread  properly  required  considerable 
skill  ;  drunken  threads  w^ere  rather  common,  and  subjected  the 
])roducers  to  considerable  ridicule  in  the  shop.  All  plane  surfaces 
had  to  be  chipped  and  filed,  no  matter  what  size,  and  good  chip- 
pers  were  always  in  demand.  Engine  guides  were  made  round 
because  shops  had  no  planers  to  plane  them  if  made  flat ;  and 
when  the  first  flat  guides  were  made,  they  had  to  be  chipped  and 
filed ;  connecting-rod  stubs  were  fitted  the  same  way.  Notwith- 
standing all  these  drawbacks,  very  good  work  was  turned  out, 
some  of  whi(;li  will  compare  favorably  with  the  work  of  the 
present  day.  We  still  have  some  old  fogy  machinists  who  claim 
that  the  work  of  the  present  day  does  not  compare  with  old-time 
work,  when  accuracy  and  finish  depended  on  the  skill  of  the 
workman  rather  than  on  the  accuracy  and  automatic  operation 
of  modern  machinists'  tools.  The  writer  has  had  considerable 
ex))erience  in  old-time  methods  and  with  modern  tools,  and  has 
BO  hesitancy  in  saying  that  the  work  of  the  present  day  is  far 
Buper'or  to  wliat  was  turned  out  by  the  old  methods  ;  but,  as  Mr. 
HoUoway  said  in  his  remarks,  the  wonder  is  how  such  good 
work  wa«  turned  out  with  tlie  limited  appliances  at  hand,  and 
th»'  mechanicH  of  fifty  years  ago  deserve  more  credit  for  their 
productions  than  those  of  the  present  day. 
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It  may  interest  some  of  you  to  have  a  short  account  of  how 
a  steam  engine  was  produced  fifty  years  ago  in  the  shops  where 
the  writer  learned  his  trade.  First  a  large  drawing-board  was 
prepared,  large  enough  to  make  a  plan  and  side  elevation,  full 
size.  Engines  all  being  made  very  long  stroke,  the  drawing- 
boards  were  quite  large  ;  an  engine  of  fourteen  inches  diame- 
ter, forty-eight  inches  stroke,  taking  a  board  about  six  by  twenty 
feet.  The  engine  was  plotted  down,  lines  chalked  and  leaded ; 
patterns  were  then  made  to  correspond  to  the  drawings,  castings 
were  made  and  fitted,  but  connecting-rod,  piston-rod,  valve-rods, 
etc.,  were  left  till  the  cylinder,  guides,  and  pillow-block  were 
fitted  on  bed-plate.  Measurements  were  then  taken  for  the  dif- 
ferent rods,  and  the  rods  made  the  proper  length  to  fit.  No  two 
engines  were  exactly  alike  ;  variations  in  shrinkage  and  fitting 
were  adjusted  in  the  length  of  the  rods.  Generally,  after  the 
first  engine  was  made,  the  drawings  were  planed  out,  so  that  the 
drawing-board  could  be  used  for  another  size.  This  destroyed 
the  record  of  sizes,  but  as  all  rods  were  measured  for  each  par- 
ticular engine,  this  did  not  interrupt  the  work  of  construction.  I 
need  not  refer  to  the  present  methods  in  this  line,  as  you  are  all 
familiar  with  them.  To-day  almost  every  part  of  an  engine,  or 
oth^r  machine,  could  be  made  in  different  shops,  widely  sepa- 
rated, and  then  assembled  into  a  complete  machine  without  a 
hitch.  Tills  would  have  been  impossible  under  the  old  plan. 
Taking  all  the  disadvantages  into  consideration,  the  wonder  is- 
that  the  mechanics  of  fifty  years  ago  could  turn  out  as  good 
machines  as  they  did. 

President  Davis,  of  the  Society,  rememberiug  the  equipment 
of  the  Haywood  &  Snyder  shops  when  he  took  charge  of  them, 
might  contribute  some  interesting  material ;  but  at  that  time 
they  were  much  improved  over  what  they  were  when  the  writer 
served  his  apprenticeship  in  them.  I  trust  he  may  be  able  to 
add  somethiug  of  interest  to  what  I  have  said  on  this  subject. 
We  would  be  glad  also  to  hear  from  those  who  labored  in  other 
lines  and  in  different  places. 

DISCUSSION. 

3fr.  Samuel  Webber. — When  I  first  went  to  Lowell,  in  1841,  I 
made  the  acquaintance  of  old  John  Dummer,  who  had  built  all 
the  wooden  water-wheels  then  in  use  there,  and  who  came  from 
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the  family  from  which  "  Dummer  Academy,"  at  Bjfiekl,  Mass., 
was  named.  Afterward,  in  1847,  I  worked  a  year  under  Captain 
Phinelias  Stevens,  who  built  the  "  Bay  State  Mills  "  at  Lawrence, 
Mass  ,  and  put  in  the  last  large  "  breast-wheels  "  used  in  New 
En»dand,  so  far  as  I  know.  The  old  Masonic  emblems  of  the 
^'  level,  scpiare,  and  compass  "  were  the  principal  apparatus  used, 
and  the  "broad-axe"  was  one  of  the  most  familiar  and  useful 
tools.  The  old  "  surveyor's  compass  "  was  used  in  laying  out  the 
gr<^und,  and  the  "  level  "  was  practically  as  good  then  as  now. 
*'  Lathes  "  for  turning  wooden  columns,  shafts,  etc.,  had  long 
timber  beds,  and  were  often  set  up  in  a  convenient  sawmill,  and 
the  tool,  held  in  both  hands,  had  a  long  wooden  handle  which 
would  reach  back  under  the  arm.  Large  curved  work  was  usu- 
nllv  "  scrih'<l  out"  on  the  attic  floor  of  the  carpenter's  shop,  and 
the  "  cooper's  adze  "  and  "  draw-knife  "  were  also  important 
tools  in  working  out  these  curves.  Water-wheel  shafts  were  usu- 
ally made  of  wood  with  cast-iron  "  gudgeons,"  and  cast-iron  in 
short  lengths  was  generally  used  for  shafts.  These  were  usually 
square,  but  I  remember  when  the  late  E.  A.  Straw,  of  Manches- 
ter, X.  H.,  who  had  been  sent  to  England  to  examine  mechani- 
cal matters,  came  home  and  fitted  up  one  of  the  "  Stark  Mills," 
in  Manchester,  with  hollow  cast-iron  shafts  which  were  round. 
These  were  afterward  taken  out  and  solid  wrought-iron  shafts 
])ut  in  their  place,  which  gave  the  mill  an  enormous  load  of 
unnecessary  dead  weight. 

Mr.  Straw  had  been  Vjrought  up  by  Mr.  Boyden,  of  turbine 
celebrity,  and  had  commenced  engineering  on  the  Nashua  and 
Lowell  Railroad. 

The  large  pulleys  of  those  days  were  all  made  of  wood,  on 
cast-iron  hubs  and  spiders,  a  form  to  which  we  are  now  returning. 

Leatlie]-  belts  were  made  on  the  spot  as  wanted.  There  was 
no  su(rh  thill*'  as  a  readv-made  belt  in  the  market.  All  the  mills 
and  shops  bought  their  leather  from  the  tanners,  by  the  side,  and 
each  establishment  had  its  "  belt-shop,"  wliere  the  hides  were 
cut  up  ;ind  stret(;h'd,  jiiid  afterward  the  edges  *' trued,"  and 
cemented,  stitched,  oi-  "pegged"  together,  wooden  shoe-pegs 
l)eing  often  used  foi*  this  j)urp()se.  Machine  tools  were  few  to 
tliosc  of  the  present  day.  The  irr)n  planer  had  just  been  intro- 
<luced,  and  the  engine  lathe  was  still  a  novelty  The  first  tool  I 
«Ter  worked  on  had  V  ways,  whicli  had  been  chipped  by  hand, 
and  "  draw-tiled  "  to  a  straight-edge  ! 
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Donkey  engines  were  unknown,  and  all  lieavy  lifting  was  done 
l)y  animal  muscle  applied  to  levers,  or  ropes  and  pulleys. 

Dams  were  usually  built  of  timber,  filled  in  with  rough  stone, 
planked  on  the  upper  side,  and  loaded  with  gravel,  and  were  a 
prominent  feature  in  the  work  of  the  millwright,  as  were  also  the 
flumes  or  feeders  for  conveying  the  water  to  the  wheels,  which 
were  square,  and  made  of  planks  "keyed  up  "  in  timber  frames. 

Ijarge  pipe,  either  of  cast  or  wrought  iron,  was  unknown. 
T\"hen  turbines  came  into  use,  the  feeders  were  often  made 
round,  of  wooden  staves,  hooped  with  iron,  like  a  barreL 

Mr.  Williani  E.  Worthen. — It  is  my  impression  that  not  only 
the  "  large  pulleys  were  built  on  cast-iron  spiders,"  but  that  all 
23ulleys  were  built  up  in  this  way  in  the  early  days,  making  a 
drum  of  uniform  diameter  for  nearly  the  whole  length  of  shaft, 
;and  that  the  shafts  were  of  cast-iron  ;  and  even  if  of  wrought 
iron,  nothing  was  turned  except  the  journals.  There  was  an  ad- 
vantage in  these  long  drums,  that  the  machines  which  they  drove 
<3ould  be  readily  shifted  laterally  and  larger  drums  could  be 
Teadily  constructed  on  them  by  board  laggings  when  necessary 
for  a  change  speed  on  the  machines.  The  ends  of  these  drums 
were  closed  to  prevent  dust  from  getting  into  the  central  space, 
and  these  ends  were  painted  a  dark  green,  which  was  a  favorite 
color  for  the  frames  of  machines,  which  were  at  that  time  inva- 
riably of  wood,  usually  ash.  All  machinery  of  the  Lowell  Manu- 
facturing Company  was  made  after  the  designs  of  Paul  bloody, 
at  Waltham  originally,  afterward  at  Lowell,  and  no  change  was 
allowed  to  be  made  by  any  one  except  with  his  approval.  At  the 
shop  there  were  foremen  of  the  different  rooms  appropriated 
to  the  different  machines,  to  whom  the  work  was  let  by  con- 
tract. 

The  machine-shop  furnished,  set  up,  and  started  the  machin- 
erv  of  the  mills.  The  superintendents  of  the  mills  were  not 
mechanics  or  manufacturers.  The  machine-shop  furuislied 
machines  and  was  responsible  for  their  working.  No  altera- 
tion was  allowed,  and  the  superintendent  had  charge  of  the 
work-people.  They  compared  the  results  of  the  same  class  of 
work  in  the  different  rooms  of  their  own  and  other  mills,  took 
charge  of  the  boarding-house  keepers  and  the  morals  of  the 
operators.  Under  these  regulations  the  mills  were  a  success ; 
but  in  1831  Mr.  Moody  died.  There  were  now  many  other  cot- 
ton mills  in  operation  and  throughout  the  country,  and  soon  the 
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directors  of  the  companies  were  alive  to  the  new  ideas,  that 
there  were  other  machines  than  their  own,  and  which  were 
improvements  in  the  quantity  or  quality  of  the  products. 

I  recollect  when  the  first  Whitworth  planer  was  introduced 
at  the  machine-shop,  and  went  to  see  it  at  work,  and  could 
appreciate  the  amount  of  chipping  that  it  would  save.  Early  in 
the  forties,  the  Lowell  Manufacturing  Company  took  a  contract 
of  the  Reading  E-ailroad  for  the  construction  of  freight  cars,  of 
which  the  pedestals  were  made  of  a  single  plate  of  wrought  iron 
and  the  jaws  punched  out  by  a  hydraulic  press. 

George  W.  Whistler  came  to  supply  Mr.  Moody's  place,  and 
locomotives  were  undertaken  at  the  shop,  and  I  had  the  advan- 
tage of  seeing  the  great  trouble  and  trials  in  working  out  new 
designs  much  larger  than  the  English  ones. 

Colonel  Webber  refers  to  old  John  Dummer — he  was  about 
fifty  at  the  time.  As  a  millwright,  he  was  the  best  I  ever  knew. 
His  designs  were  good  ;  he  took  charge  of  his  work  personally, 
never  talked  but  little  to  his  men  ;  in  fact,  never  to  any  one 
unless  it  was  necessary,  and  his  work  was  joiner  work.  He 
would  never  loan  on  interest,  as  he  called  it  usury. 

He  built  the  first  wheels  at  Lowell  in  1822,  and  none  of  them 
were,  I  think,  ever  renewed.  The  entire  fall  was  at  first  thirty 
feet,  which  was  used  as  a  whole  at  the  Merrimac  Mills,  but  at 
the  other  mills  in  divided  falls  of  seventeen  and  thirteen  feet,  as 
the  power  could  be  thus  distributed,  and  sales  of  real  estate 
extended.  The  wheels  were  of  one  tj^pe,  wooden  breast-wheels 
with  cast-iron  shaft,  in  two  pieces,  coupled  together  at  the  cen- 
tre, by  a  socketed  hub  ;  on  the  journal  ends  there  were  large 
flanges  with  sockets.  Three  sets  of  arms  were  fitted  to  these 
sockets,  and  braced  from  the  ends  to  the  central  arm.  The 
gates  were  horizontal,  sliding  over  apertures  leading  vertically 
down  to  centre  of  the  buckets,  usually  in  three  tiers,  the  lower 
one  being  detached  except  in  cases  of  low  water. 

Mr.  Dummer  continued  to  build  these  wheels  till  the  intro- 
duftioii  of  lioyden's  turbines,  and,  although  the  first  ones  had 
woodf'ii  flumes,  he  never  took  kindly  to  them  or  had  much  con- 
fidence in  the  results,  and  gave  up  his  business  as  a  millwright 
and  removed  into  the  country. 

A.s  the  construction  of  turbines  with  the  precision  required 
by  Boyden  was  tlien  beyond  the  capacity  of  most  of  the  mechan- 
ics of  that  time,  Mr.  Boyden  attended  to  it  personally. 
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In  testing  the  wheel  every  observation  was  made  indepen- 
dently by  two  parties,  nor  was  there  any  connection  between 
other  parties  of  the  test,  those  at  the  weir  with  those  at  the 
wheel,  and  Mr.  Boyden  made  separate  observations  of  his  own, 
with  the  notes  of  continuous  observations.  Thus  complete,  the 
percentage  of  effects  at  different  speeds  and  openings  of  oate 
could  be  readily  separated  and  calculated. 

Mr.  Boyden  came  of  a  remarkable  family,  strong  generally, 
physically  and  mentally,  of  which  Seth  Boyden  was  another. 
In  addition  to  his  mental  activity,  he  had  wonderful  persist- 
ence ;  without  anything  but  a  common  school  education,  he 
made  his  calculations  and  design  with  confidence,  and  the 
results  were  what  was  looked  for,  but  not  in  money  to  him. 

In  his  design  and  construction  of  the  turbines  for  the  Atlantic 
Mills,  of  Lawrence,  Mass.,  there  was  so  much  delay  in  construc- 
tion that  the  company  could  not  afford  them  for  as  long  a  test 
as  he  wished,  and  to  determine  the  percentage  of  effect,  which 
was  a  factor  in  his  remuneration,  a  commission  was  appointed  of 
Judge  Parker,  Prof.  Benjamin  Peirce,  and  Mr.  James  B.  Francis, 
who  returned  a  verdict  of  considerable  over  ninety  per  cent.  The 
factors  of  the  calculation  were  head  of  water,  speed  of  wheel, 
drawings  of  guides  and  wheel,  and  velocity  of  issue  with  its 
direction,  that  is  as  far  as  I  recollect.  Mr.  Boyden  made  his 
calculation  by  arithmetic  approximations,  but,  as  Mr.  Francis 
told  me.  Professor  Peirce  said  that  the  results  were  correct,  but 
showed  that  the  work  of  months  by  Mr.  Boyden,  with  his  usual 
checks  by  different  calculators,  could  have  been  resolved  in 
minutes  by  use  of  calculus. 

At  the  Nashua  Mills  he  persisted  for  months  to  find  out  the 
reason  for  the  smaller  percentage  than  what  he  expected,  keep- 
ing his  assistants  at  work  during  mill  hours  in  the  week  and 
also  on  Sundays,  and  to  their  remonstrance  that  it  had  got  to 
be  monotonous,  changed  the  dinner  time  of  Sunday  from  half 
past  twelve  to  one  p.m. 

He  found  the  why — it  was  the  reduction  of  the  depth  of  the 
guides  about  two  inches. 

It  has  been  a  pleasure  for  me  to  look  back  and  see  what  I 
rjould  recollect,  but  if  it  were  like  a  civil  service  examination 
I  could  answer  interrogatories  better. 

3/r.  Olin  Scott. — The  millwright  of  fifty  years  ago  was  the  me- 
chanical evolution  of  the  preceding  ages  from  the  times  of  Archi- 
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ineJes,  aud  was  supposed  to  know  everything  pertaining  to 
luachinerv  and  mills,  from  a  watch  movement  to  a  fifty-foot  over- 
shot water  wheel. 

Before  describing  anything  pertaining  to  the  methods  and 
apparatus  in  use  by  millwrights  in  the  past,  it  may  be  well  to 
call  attention  to  some  of  the  methods  and  apparatus  which  we 
did  n(tt  have  at  the  time  I  first  began  working  at  millwrighting 
fifty  years  ago. 

At  that  time  there  Avere  only  three  or  four  short  railways  in 
the  country,  and  those  amounted  to  very  little  as  a  means  for 
doing  business.  Steamboats  were  the  "  ne  plus  ultra  "  of  human 
achievement  at  that  time.  Just  imagine  this  country  to-day 
without  its  railways.  At  thaj  time  there  were  very  few  steam 
engines  on  land,  and  those  used  w^ood  for  fuel.  I  travelled  a  long 
distance  to  see  the  only  one  running,  in  a  city  of  thirty  thousand 
iuhabitants  in  the  State  of  New  York.  The  telegraph  was  un- 
known. The  planing  machine  for  planing  and  matching  boards, 
known  as  the  Wood  worth  planer,  Avas  not  in  general  use  ;  and 
the  Daniels  planer,  for  planing  timber  straight  and  true,  was 
only  found  in  a  few  establishments,  and  the  same  may  be  said  of 
the  iron  planer  now  used  in  every  machine  shop.  The  band  saw 
was  unknown,  and  the  circular-saw  for  sawing  lumber  was  in 
but  a  few  mills  in  the  country.  Many  of  the  tools  in  the  mill- 
wright's tool-chest  were  of  the  antiquated  English  style.  No 
ready-made  shafting  or  pulleys  were  kept  on  hand.  Ready- 
made  belts,  crudely  made,  were  just  coming  into  use,  and  many 
belts  were  home-made.  Rubber  belting  and  other  rubber  goods 
were  unknown. 

No  ready-made  bolts  or  lag-screws  Avere  to  be  had.  The 
blacksmith  made  all  bolts,  and  cut  the  threads  by  hand,  making 
them  cost  fifteen  to  eighteen  cents  per  pound,  and  of  inferior  iron 
and  Avorkmansliip  ;  so  that  a  good  milhvright,  who  then  worked 
for  $1.25  to  .S1.50  per  day,  Avould  Avork  a  whole  day  to  make 
Home  Avooden  device  to  save  six  or  eight  pounds  of  bolts 

Nfiarly  all  machinery  was  driven  })y  water-power,  and  all  good 
mills  used  tlie  overshot  or  breast  Avheels,  except  sawmills  hav- 
ing tlie  old-style  vertically  r(iciy)rocating  saAvs,  some  of  Avhich 
uaed  "  reaction  "  wheels,  and  very  few  Avheels  of  100  horse-poAver 
were  to  be  found. 

The  largest  and  most  Y)owerful  Avheel  in  tlie  country  at  that 
time  was  an  overshot  Avheel  sixty-two  feet  diameter,  at  the  Bur- 
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den  Iron  Works,  at  Troy,  N.  Y.  At  about  the  time  mentioned, 
the  first  turbine  wheels  for  heavy  work  were  put  in  the  cotton 
mills  at  Lowell,  Mass.  They  were  of  the  Fourneyron  type,  and 
gave  good  results ;  but  the  cost  of  such  wheels  placed  them  be- 
yond the  reach  of  most  mills  in  the  country  for  many  years,  so 
the  old  millwright  was  left  to  plod  along  in  his  old  way  for  some 
years,  building  overshot  and  breast  wheels,  Avith  wood  shafts, 
having  cast  iron  "  gudgeons  "  for  bearings,  which  wheels  most 
of  the  mill-owners  believed  could  not  be  equalled  for  efficiency, 
to  say  nothing  of  being  superseded  by  the  "  new-fangled  "  iron 
wheels,  as  they  were  called. 

In  those  days,  if  a  water-power  was  to  be  developed,  the  mill- 
wright was  the  man  who  engineered  the  building  of  the  dam, 
races,  flumes,  and  wheel- pits ;  determined  the  size  of  water- 
wheels  required,  designed  the  buildings,  located  the  machinery, 
^nd  arranged  the  shafting  and  gearing,  also  determined  the  sizes 
of  the  gears,  shafts,  pulleys,  and  belts  to  transmit  the  power  to 
the  several  machines. 

Large  pulleys  of  six  feet  diameter  or  more  were  little  used, 
:and  were  mostly  made  of  wood  by  the  millwright,  and  large  belts 
such  as  now  universally  used  were  not  made,  cast-iron  gears  and 
frequently  cast-iron  shafting  being  used  for  heavy  transmissions 
of  power.  Mortise  gears  for  wood  teeth  were  occasionally 
found,  but  could  be  made  by  only  a  few  shops  in  the  country, 
and  the  rough  iron  pinions  which  worked  with  the  mortise  gears 
were  fitted  with  cogs  of  no  particular  form,  some  of  which  were 
short-lived  noisy  affairs,  while  others  would  run  well  a  long 
time.  Many  mortise  gears  were  made  by  millwrights  entirely 
of  wood.  I  was  once  the  owner  of  a  grist-mill,  which  was  fitted 
to  grind  feed  (from  corn  in  the  ear),  ♦corn  meal,  buckwheat  flour, 
and  wheat  flour,  the  mill  having,  in  addition  to  the  mill-stones, 
the  usual  outfit  of  elevators,  "  smutter,'  hulling  machine,  con- 
veyor, Boults  reels,  corn  cracker,  and  hoisting  rig  to  take  grain 
from  a  Avagon  at  the  door  ;  and  the  only  belts  in  the  mill  Avere  the 
canvas  belts  in  the  eleA^ators  and  conveyor,  to  AA^hich  the  cups 
were  attached,  and  one  leather  belt  to  drive  the  smutter,  for 
cleaning  the  Avheat,  and  the  mill  ran  many  years  in  that  shape 
before  I  owned  it. 

The  great  amount  of  experience  or  practice  necessary  to  qualify 
a  mgin  to  be  a  successful  millwriglit  required  a  large  portion  of 
a  lifetime,  and  when  Ave  look  about  us  to-day  and  see  how  the 
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field  of  mechanical  knowledge  lias  enlarged  from  a  little  garden 
patch  to  a  boundless  prairie,  and  each  branch  has  become  a 
beparate  department  of  work  more  or  less  scientific  in  character, 
and  requiring  and  employing  men  of  the  highest  ability,  we  can 
realize  that  the  progress  has  been  simply  enormous. 

There  is  considerable  knowledge  worth  saving  from  the  old 
millwright  practice,  which  is  indispensable  to  the  man  doing 
such  work  to-day,  and  I  am  reminded  that  few  young  men  are 
now  learning  the  business,  while  the  demand  for  practical  and 
relii^ble  millwrights  is  increasing  everyday,  and  I  have  been 
puzzled  to  explain  or  to  understand  why  our  Society  of  Mechan- 
ical Engineers  have  so  completely  ignored  the  subject.  "While  a 
large  part  of  the  motive  power  which  is  moving  the  machinery 
of  the  world,  and  which  is  now  being  largely  used  to  generate 
electricity,  is  water  power,  it  seems  strange  that  so  great  part  of 
the  time  and  efforts  of  every  one  should  be  devoted  to  steam 
power  development  and  so  little  to  water  power,  which  I  think 
is  of  equal  importance. 

J//'.  Ezra  Fmocett. — The  paper  just  read  brings  up  memory's 
retrospect  as  a  passing  dream,  though  I  cannot  go  much  back  of 
the  fifties.  Well  do  I  remember,  as  one  of  the  sensations  of  the 
day,  the  first  direct-acting,  high-speed  sawmill  engine  built  by 
that  venerable  millwright  and  pioneer  of  The  Buckeye  Engine 
CcMiipany,  Mr.  Thomas  Sharp,  of  Salem,  Ohio,  now  over  eighty-six. 
When  I  was  an  apprentice,  we  simply  had  parts  and  plans  on  a  pop- 
lar board,  roughly  pencilled  and  chalked  in,  as  stated  in  the  paper  ; 
nothing  like  details  and  dimensions,  with  elaborate  blue  prints,  as 
to-day.  I  often  asked  the  manager  of  the  works  for  some  in- 
Htructions  in  draughting,  and  was  as  often  evasively  put  off.  In 
conversation  with  our  past-president,  J.  R  Holloway,  about  this 
8ame  question,  he  made  the  remark  :  "Perhaps  he  did  not  know 
much  more  about  draughting  than  you  did."  In  a  later  conver- 
sation, relative  to  his  address,  "  The  Chalk  Age  of  Mechanical 
Engnieering,"  delivered  at  Sibley  College,  Cornell  University,  I 
asked  Mr.  Holloway  the  question,  How  it  was  that  he  had  so 
minutely  d«.*scribed  my  early  experiences  of  mechanical  engineer- 
ing? He  replied  sometliinir  like  this  :  "All  old-timers  went  through 
about  the  same  charmel."  In  looking  back  to  the  past,  "  the  old," 
and  viewini^  the  crnde  tools  and  appliances  used  in  that  early  day, 
it  i»  wf)nderfnl  the  efficiency  which  they  developed  then  ;  ^  the 
development  of  the  electric  generator  and  motor  is   marvellous 
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from  a  small  battery  toy  to  the  present  ones,  requiring  hundreds 
of  horse-power  for  lighting  and  power  transmission,  and  swiftly 
driving  the  electric  car.  Little  did  Davenport  and  Professor 
Page  realize  the  embryo  they  planted  in  their  battery  motor  car, 
or  Professor  Pacinotti,  in  his  self-exciting  dynamo,  the  possibili- 
ties of  the  vast  generators  of  to-dsij. 

Mr.  Olin  Scott,  in  his  well-timed  remarks  relative  to  our  Society, 
bearing  on  the  subject  of  the  "  millwright,"  or,  as  he  would  be 
termed  to-da3%  ''  the  erecting  or  installing  engineer,"  makes  a  good 
point.  The  sphere  of  his  usefulness  is  as  great,  if  not  greater, 
to-day,  as  the  units  of  power  transmission  have  so  largely  in- 
creased, requiring  more  special  knowledge  of  mechanical  engineer- 
ing than  at  any  time  in  the  past ;  and  I  can  call  to  mind  many 
failures  for  the  want  of  the  trained  "  millwright "  engineer.  The 
young  man  of  to-day  who  has  the  proper  development,  force  of 
•character,  and  ability,  has  a  large  field  of  useful  opportunities 
before  him. 

J//'.  ^1.  J".  Xagle. — I  cannot  claim  the  honor  of  belonging  to  a 
generation  of  men  who  did  the  pioneer  work  in  our  machine-shops 
in  the  early  forties,  but  I  can  speak  of  '61. 

I  rarely  witness  the  operation  of  the  fine  tools  now  used  in  our 
machine-shops  without  beint;'  reminded  of  the  tools  which  we  had 
at  the  beginning  of  the  war.  Large  planers  were  scarcely  in 
use,  and,  instead,  there  Avould  be  improvised  a  set  of  guides,  or 
slides,  bolted  to  the  large  castings,  and  a  cross-head,  holding  a 
cutter-head,  would  be  run  back  and  forth  by  the  bed-plate  of  a 
])laner. 

I  remember  well  a  large  double-crank  marine-engine  shaft,  be- 
louginii'  to  the  U.  S.  S.  Oneida,  being  made  in  the  old  Fulton  Iron 
Works,  New  York  city,  xlfter  being  turned  as  nearly  true  as  the 
tools  permitted,  it  was  subjected  to  tests  with  straight-edges 
and  calipers,  and  the  crank-pins  would  be  chipped  and  filed  to 
greater  accuracy  than  the  lathe  made  possible.  A  sort  of  sizer 
would  be  run  over  the  cranks  while  the  shaft  revolved  in  its  bear- 
ings. 

When  tlins  completed,  it  was  really  a  very  handsome  crank-pin. 
But  compare  that  slow  and  laborious  process  with  the  one  now 
pursued,  and  then  ask  which  is  i-eally  the  greater  wonder,  the  old 
or  the  new. 

JiTr.  Georcje  I.  Rockivood. — The  reference  made  by  Mr.  Scott  to 
the  lack  of  attention  ])aid  b}^  trained  engineers  hitherto  to  the  de- 
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velopment  of  the  water-wlieel,  suggests  to  my  mind  the  singular,, 
tliough  common,  way  of  origmating  and  improving  turbines  as  now 
buih  bv  several  prominent  makers.  I  believe  the  process  is  some- 
thing like  this  :  an  experienced  millwright  is  given  the  opportunity 
of  making  ])atterns  for  the  buckets,  etc.,  of  a  wheel,  which  is  then 
built  and  shipped  to  a  testing  flume,  where  its  efficiency,  whatever 
it  ))roves  to  be,  is  determined.  Little  alterations  then  suggest 
themselves  to  the  pattern-maker's  mind,  and  he  proceeds  to  re- 
peat the  process,  perhaps  several  times,  until  finally  the  80  per 
cent,  mark  is  passed,  when  he  pronounces  the  wheel  as  good  as 
can  be  made,  and  it  continues  to  be  built  from  those  patterns. 
All  through  it  he  is  indifferent  to  fine-spun  theory,  being  guided 
apparently  by  instinct  alone. 

It  has  not  been  shown,  either  by  the  "  practical "  man  or  the 
theorist,  that  81  or  82  per  cent,  is  the  highest  efficiency  of  which 
the  turbine  wheel  is  capable,  and  nothing  but  careful  observation 
of  the  reasons  for  the  discrepancy  between  the  theory  of  reaction 
wheels  and  present  practice  can  better  that  efficienc3\ 

It  may  be  of  interest  to  the  members  to  learn  that,  through  the 
liberality  of  Mr.  Stephen  Salisbury,  of  Worcester,  Mass.,  the  AVor- 
cester  Polytechnic  Institute  has  lately  been  granted  a  water  privi- 
lege of  80  horse-power,  at  which  is  now  located  a  very  Avell- 
appointed  turbine-wheel  testing  plant,  splendidly  adapted  to  the 
study  of  the  efficiency  of  water-wheels.  For  measuring  the  water 
delivered  to  the  wheel,  there  are  provided  a  Union  water  meter,  a 
very  conveniently  arranged  and  carefully  made  weir,  and  the 
large  Venturi  water  meter  which  was  in  use  at  the  Columbian 
Exhibition  at  Chicago.  Thus  the  effect  of  an  alteration  in  the 
design  of  a  turbine  may  be  studied  analytically,  and  the  theoreti- 
cal effect  compared  with  that  actually  observed  by  precise  meas- 
urement. 

I* inf.  I'\  J!.  IhiWui. — As  a  sup[)lement  to  Mr.  Allison's  paper, 
I  call  attention  to  the  accompanying  cut  (Fig.  21()).  It  is  taken 
from  a  circular  issued  in  18G6,  by  the  firm  of  Allison  k  Bannan, 
and  is  intended  to  illustrate  a  form  of  tool  made  necessary  by  in- 
creasirjg  size  and  W(;ight  of  work  in  proportion  to  the  available 
tools.  It  will  be  seen  that  the  intention  was  to  set  up  a  sort  of 
portable  boring  bar  on  a  massive  gear,  or  such  piece  of  woi-k, 
wljich,  when  the  light  frame  of  tiie  tool  proper  was  bolted  to  it, 
then  l)ecarne  the  bed-plate  of  the  tool. 

I  can  remember  very  distinctly  that  the  principle  embodied  in 
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too 


this  boring  machine  of  Mr.  Allison's  pervaded  much  of  the  prac- 
tice in  the  Cuyahoga  Works,  of  which  Mr.  Ilolloway  was  presi- 
dent and  superintendent  for  so  many  successful  years.  I  hope  he 
wdll  be  ])ersuade(i  to  tell  us  more  about  his  methods  there. 

31  r.  J.  F.  Ilolloivaij. — T  have  been  very  much  pleased  to  hsten 
to  the  paper  of  Mr.  Allison,  and  I  am  quite  sure  that  there  are 
very  few  engineers  here  who  are  competent  to  discuss  it,  by  reason 


Fig.  216. 


of  any  practice  which  they  have  had  in  such  shops  as  he  has  de- 
scribed. My  friend  "Washington  Jones,  and  some  others,  I  dare 
say,  have  chipped  and  filed  the  slides  of  steam  engines,  and  per- 
haps have  done  other  work  of  that  class.  The  work  wliicli  was 
done  by  the  old-time  machinist  is  now  the  work  of  a  past  age,  l)ut 
it  is  well  for  the  young  men  of  the  ])resent  to  have  such  papers 
presented  to  them,  in  order  that  they  may  know  what  work  was 
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once  accomplished  by  hand-craft,  and  not  b}-  well-built  and  nicely 
designed  tools.  The  workmanship  of  the  past  was  mainly  hand- 
craft, the  workmanship  of  the  present  is  the  production  of  machine 
tools  As  the  traveller  pauses  amid  the  grand  ruins  of  old  Egypt, 
he  sees  on  all  sides  great  masses  of  stone  which  have  been  elevated 
to  a  high  position.  If  he  is  a  thoughtful  man  he  wonders  how  they 
were  placed  there,  and  it  is  indeed  a  matter  of  interest  and  study 
to  the  engineers  of  the  present,  to  know  how  such  work  was  ac- 
complished. It  should  be  equally  a  matter  of  interest  and  study 
to  the  vounger  engineers  of  the  present,  to  know  how  the  massive 
steam  engines  for  factories,  rolling  mills,  mine  pumps,  and  en- 
ginery of  various  kinds  were  constructed  and  built  in  the  days  when 
there  w^ere  no  engine  lathes,  no  planers,  no  upright  drill-presses, 
and  none  of  the  many  modern  appliances  which  have  made  the  con- 
struction of  such  work  now  so  easy.  The  generation  of  engineers 
who  accomplished  the  work  Mr.  Allison  so  well  described  is  now 
rapidly  passing  away  ;  they  had  no  engineering  society  to  which 
they  could  present  papers,  and  in  whose  transactions  could  be 
published  and  illustrated  their  trials,  their  troubles,  and  their  diffi- 
culties, which  others,  seeing,  might  avoid.  They  had  no  means, 
bevond  the  little  circle  which  each  one  had  about  him,  of  com- 
municating  to  others  the  different  problems  of  their  day  and  of 
their  generation.  When  they  shall  have  passed  away,  there  will 
be  left  no  record  of  what  they  went  through,  and  there  will  have 
been  no  American  Society  of  Mechanical  Engineers,  whose  Trans- 
actions contain  histories  of  their  troubles  and  of  their  success,  as  do 
the  volumes  of  this  Society  of  the  engineers  of  the  present.  Great 
credit  is  due,  and  should  be  given,  to  the  men  who  tluis  quietly 
and  unostentatiously  worked  hard  and  long  to  ])roduce  the  re- 
sults which  they  accomplished,  with  no  technical  training,  with 
no  modern  sho[)  appliances,  l)ut  simply  by  hand-craft,  and  a  lot  of 
good  lior.se  sense. 

Mr.  Fawcett  refers  to  the  early  construction  of  what  we  knew 
in  the  West  as  thf;  "Muley  Sawmill."  I  simf)ly  wisli  to  make  a 
slight  correction.  The  original  construction  of  the  "  Muley  Saw- 
mill," with  it.s  higli-spee<l  engine,  was,  so  far  as  I  know,  done  by 
Mr.  Ethan  Kftgers,  oi  Cleveland,  Ohio,  a  man  who  was  eminently 
an  original,  successful  engineer  and  skilful  mechanic;,  ahhough 
not  a  technical  trained  one.  Mr.  Joel  Sharp,  our  highly  honored 
member,  worked  in  the  old  Cuyahoga  Works  when  Mr.  Ethan 
R«4;ers  was  there,  and  I  dare  say  he  saw,  on  the  drawing  boards 
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of  the  old  Cuyahoga  Works,  the  rude  drawings  of  the  quick-stroke 
engine  which  Mr.  Kogers  had  made,  before  they  were  planed  out, 
to  make  room  for  something  else,  as  was  the  practice  then. 

J//'.  William  Ki-nt. — I  would  like  to  ask  Mr.  Hollow^ay  if  he  has 
any  knowledge  of  the  high-speed  engine,  between  the  time  of  Mr. 
Oliver  Evans  and  that  of  Mr.  Ethan  Kogers.  There  seems  to  be 
a  gap.  He  might  tell  us  whether  there  w^ere  any  high-speed  engines 
built  during  that  time. 

J//'.  Jlolloirafj. — I  only  know  that  when  the  method  was  pro- 
posed of  attaching  a  saw^  blade  direct  to  the  end  of  a  shaft  which 
had  a  short-stroke  steam  engine  connected  on  it,  it  was  looked  upon 
as  a  wonderful  transition  in  sawmill  engineering.  Previously  there 
had  been  only  the  long-stroke  engine,  that  I  know  of,  for  this  pur- 
pose. Mr.  Rogers  used  a  steam  cylinder  about  8  inches  bore  and 
12  inches  stroke,  and,  what  was  then  new  also,  he  used  large,  long 
.steam  and  exhaust  ports,  and  he  ran  it  some  300  revolutions  a 
minute.  I  dare  say,  if  time  was  available,  I  could  tell  stories  of 
some  of  the  old-time  sawmill  men  and  the  old-time  millwrioht, 
and  of  what  they  said  when  they  first  saw  one  of  these  engines 
going  at  that  unheard-of  speed.  I  have  no  knowledge  of  the 
construction  of  similar  high-speed  engines  up  to  the  time  they 
were  built  by  Mr.  Rogers  at  the  Cuyahoga  Works,  at  Cleve- 
land. 

Mr.  Wa.sh'oujton  Jones. — I  can  add  but  little  to  what  Mr.  Alli- 
son has  stated  in  his  paper,  as  my  experience  is  similar  to  his,  and 
would  be  only  corroborative.  Mr.  Allison  commenced  his  appren- 
ticeship at  about  the  time  I  was  finishing  mine.  I  had  the  ad- 
vantage of  serving  my  time  in  a  city  shop  ( Soutlnvark  Foundr}'), 
although  it  was  not  much  better  equipped  with  tools  than  the  ones 
he  describes,  in  Pottsville ;  but  there  was  a  greater  variety  of  work, 
as  paddle-wheel  steamboats,  propeller  engines  and  hulls,  steam 
hammers,  horizontal  engines,  blowing  engines,  pumping  engines, 
hydrostatic  presses,  Fourneyron  turbines,  etc. — a  good  school  for 
the  apj)rentices.  I  remember  w^hen  the  bed-plates  were  cast  for  the 
steamer  JItsslssijyjjl,  one  of  the  first  made  for  the  United  States 
Government.  Tlie  engines  were  of  the  side-lever  type,  designed 
by  our  late  fellow-member,  Charles  W.  Copeland.  These  bed-plates 
were  about  29  feet  long  by  9  feet  wide,  and  weighed  perhaps  15  or 
16  tons.  When  the  mould  was  com])leted,  I,  being  the  youngest 
cub  in  a  drove  of  thirty,  was  sent  to  deliver  invitations  to  ]n-ominent 
people  in  Philadelphia,  to  come  and  witness  the  pouring  of  the 
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iiit'tal  of  tlio  tirst  bod-plate.  It  was  a  gala  day,  as  everything  wentr 
successt'ullv.  From  the  experience  had  upon  tlie  first  bed-plate^ 
the  second  soon  followed,  when  both  were  placed  side  by  side  in 
the  erecting  shop,  and  two  sets  of  workmen,  one  composed  of  New 
York  men,  the  other  of  Philadelphiaus,  were  each  given  a  plate 
to  finish,  and  then  the  race  began.  All  the  parts  which  needed 
facing,  as  seats  for  steam  cjHnders  (of  75  inches  bore),  condensers, 
air-pumps,  beam  shaft  pedestals  and  columns,  were  chipped  (now 
almost  a  lost  art)  and  filed,  and  as  I  was  present  when  the 
engines  were  tested  under  steam,  I  can  say  filed  true  j  as  there 
were  no  steam  or  air  leaks,  and  as  gum  joint-rings  were  then 
unku(:>wn,  the  excellence  of  the  workman shi]i  was  proved.  That 
will  give  the  members  some  idea  of  the  diificulties  experienced  in 
those  early  days. 

The  next  contract  of  magnitude  undertaken  by  the  Southwark 
foundry  was  the  engines  for  the  PrinceUm.,  the  first  American 
steamer  designed  to  use  a  propeller,  and  built,  against  much  oppo- 
sition, by  the  influence  of  Commodore  R.  F.  Stockton.  These 
engines  required  very  accurate  workmanship,  and  more  and  better 
tools  became  a  necessity,  and  were  built,  so  making  the  establish- 
ment, at  that  time,  probably  the  best  equipped  in  the  State  of 
Pennsylvania.  One  of  the  new  tools  was  a  large  boring  mill,  on 
which  cylinders  were  bored  out  whilst  standing  vertically,  instead 
of  lying  on  their  sides,  as  in  a  lathe.  This  was,  I  believe,  the 
first  one  used  in  the  State,  but  certainly  iu  Philadelphin.  The 
engines  of  the  Princeton  were  built  from  the  designs  of  Captain 
John  Ericsson,  and  the  original  drawings  were  all  made  by  his 
own  hands,  and  w^ere  the  neatest  and  most  accurately  drawn  to 
scale  (only  principal  dimensions  being  figured ),  of  any  I  ever 
saw.  It  was  my  pleasing  duty  to  dissect  and  enlarge  the  details 
for  the  use  of  the  workme^n  in  the  shops.  In  the  case  of  stub 
ends  for  connecting-rods,  all  of  them  which  would  go  into  a  vice 
were  finished  there.  After  turning  the  neck  to  size,  scpiaring  the 
end,  and  marking  circles  for  width  and  thickness  of  the  stub,  the 
rest  of  the  work  was  done  with  hamm(3r,  cold-chisel,  drill,  and 
file.  In  those  days  stubs  were  generally  fitted  up  by  appren- 
tices, and  it  was  considered  by  them  a  test  of  skill  to  fit  in  the 
bniHH  boxes  without  marring  the  corners  of  the  straps,  so  that 
when  ]*ut  together  and  draw-filed,  the  joint  between  stub  and 
Htraj)  could  not  be  seen.  I  would  be  glad  to  continue  my  re- 
marks upon  Mr.  Allison's  }>aper,  but  as  they  would  scarcely  rist^ 
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above  tlie  level  of  personal  experience,  are  not  likely  to  interest 
the  members,  and  I  have  said  enough  to  show 

"  Tlie  tioubles  that  environ 
All  those  who  meddle  with  cold  iron." 

The  President. — These  sketches  of  Mr.  Allison  bring  to  mind 
some  reminiscences.  I  can  remember  seeing  some  very  large 
cylinders,  for  mine  pumping  engines,  bored  out  with  the  very 
same  tools  sometimes  used  for  boring  a  cylinder  60  or  70  inches 
in  diameter. 

Mr.  Allison,  we  would  l)e  very  glad  to  hear  from  you,  in  closing.. 

Mr.  Rohert  A/l/so?t.^— In  those  old  days,  Mr.  Davis  well 
knows  that  we  had  pumps  driven  by  pump-rods  and  gearings. 
The  pump  was  put  in  the  l)ottom  of  a  mine,  and  a  wooden  rod 
reached  down  to  the  bottom  of  the  mine  to  operate  the  pump,  and 
that  was  connected  to  the  wheel  which  w^as  driven  by  the  engine, 
and  those  wheels  had  to  be  keyed  on  the  shaft,  as  I  said  in  my 
paper,  by  six  or  eight  keys.  It  was  very  laborious  work  to  do  it 
and  very  frequently  the  wheels  would  get  out  of  true,  and,  as- 
mechanical  engineers,  we  all  understand  what  that  would  mean — 
e\evy  time  it  would  go  around  there  would  be  a  "  whir  "  when  it 
came  doAvn  to  the  full  side,  and,  in  order  to  avoid  everything  of 
that  kind,  I  got  up  the  machine  of  Fig.  216,  and  used  it  quite  ex- 
tensively, and  sold  quite  a  number  to  other  parties,  for  the  same 
purpose.  In  connection  with  pump  wheels,  in  hoisting  fi-oni  the 
mines  we  had  to  have  large  drums,  from  6  to  12  feet  in  diameter. 
They  were  generally  built  up  with  spiders  and  wooden  laggings,  put 
on  the  drum  to  wind  the  ropes  on.  In  those  days  we  used  chains 
instead  of  ropes,  as  we  had  no  wire  ropes  used  for  this  purpose  at 
that  time.  The  druuj  shafts  were  made  o£  cast  iron,  either  hexa- 
gon or  octagon  in  shape,  and  about  16  feet  long,  and  the  spiders 
were  keyed  on,  and  lags  were  bolted  to  the  spiders  ;  with  this 
machine  we  could  bore  the  spiders,  and  could  fit  them  to  a  turned 
shaft,  with  one  or  two  keys,  as  necessity  required.  I  found  it  a 
very  useful  machine,  and  it  helped  me  out  of  a  good  many  scrapes 
by  having  it. 

In  mv  experience,  in  this  kind  of  work  there  are  a  good  many  other 
things  that  come  into  play,  that  were  not  anticipated.  I  speak  in 
ni}^  paper  of  the  Danville  Rolling  Mills.  They  were  the  first  mills 
that  rolled  T-rails  in   the  United  States.     I  worked  on  that  mill 
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from  the  day  the  fust  hjinimer  was  struck  for  it  until  the  mill  was 
finislied,  aud  I  worked  mauy  a  night,  and  many  a  Sunday,  after- 
wards, in  fixing  up  break-downs  which  took  place  after  the  mill  was 
started.  As  Mr.  Holloway  says,  there  were  no  mechanical  schools; 
we  had  no  opportunity  of  learning  to  give  the  proper  proportions 
to  shafts,  wheels,  and  thiugs  of  that  kind,  and  the  mill  was  put  up 
rather  haphazard.  The  consequence  was,  that  just  as  soon  as  the 
mill  was  started  the  trouble  commenced.  I  remember,  in  one 
week,  working  fifteen  days — working  nights  and  Sundays,  etc. — and 
it  was  that  way  all  the  time  I  was  there.  I  left  there  about  a  year 
after  the  mill  was  started,  and  they  had  not  gotten  over  their 
troubles  then — break-downs  and  other  troubles  which  they  met 
with.  But  the  business  has  gone  on,  and  we  all  know  that  they 
can  make  T-rails  now,  and  make  them  right ;  but,  at  the  start,  it 
was  a  ])retty  hard  matter  to  do  anything  with  them. 

In  closing  the  discussion,  I  desire  to  thank  the  members  of  the 
Society  for  their  interest  in  the  paper.  The  discussion  has  revived 
in  mv  mind  many  incidents  of  my  early  career  as  a  machinist, 
some  of  them  ver}^  pleasant  and  others  quite  the  reverse.  Mr. 
Jones  speaks  of  the  mode  of  fitting  stub  ends  for  connecting-rods. 
I  remember  fitting  up  a  large  rod  made  with  split  stubs,  connected 
with  straps  about  five  inches  wide  by  one  and  a  quarter  inches  thick, 
filled  in  with  wood.  1  had  just  finished  the  job  when  my  master, 
Mr.  Haywood^  brought  two  gentlemen  in  ;  he  called  their  attention 
to  tlie  workmanship,  and  asked  them  if  they  could  see  the  joints. 
They  declared  the  stubs  were  solid  pieces,  and  he  had  some  diffi- 
culty in  convincing  them  that  there  were  three  joints  in  each  stub. 
Now  comes  the  sequel :  Next  day  Mr.  Haywood  walked  into  the 
«hop  aud  handed  me  a  crisp  ten-dollar  bill.  Of  course,  I  was 
elated,  and  stimulated  to  increased  diligence  and  care  in  my  work. 
The  life  of  an  apprentice  in  those  days  was  not  all  sunshine ;  we 
were  required  to  do  many  things  which  seemed  to  us  an  imposition, 
such  as  running  a  Ixilt-ciitting  machine,  punching  boiler  plate  by 
hand,  driving  a  horse  in  the  shop  yard,  etc.  But  it  taught  us 
obedience  to  our  masters,  and  was  a  great  benefit  to  us  in  our 
aft<'r  career  as  woikmen,  foremen,  and,  some  of  us,  pro])riotors. 
In  tliose  days  an  a])pr(;ntice  was  expected  to  learn  the  use  of  all 
the  tools  in  the  sho|»,  as  well  as  to  do  all  kinds  of  hand  work,  and,  if 
aj>t  in  learning,  would,  at  the  end  of  his  apprenticeship,  be  able  to 
fit  up  all  parts  of  an  engine,  set  it  up  on  the  foundations,  set  the 
valves,  and  start  up  in  irood  shape. 
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In  the  olden  time,  shops  made  all  the  bolts,  nuts,  set-screws,  oil- 
cups,  in  fact,  everything  required  in  the  construction  of  machin- 
ery, and  also  all  the  small  tools  required,  such  as  taps  and  dies, 
reamers,  etc.,  while  now  all  those  things  are  specialties,  and  can 
be  bought  from  the  makers  and  dealers  at  prices  which  preclude 
the  possibility  of  machine-shops  making  them,  and  we  get  a  much 
better  article  than  we  could  make.  But  I  must  close,  as  I  find 
the  subject  opens  up  such  a  field  for  thought  and  discussion  that 
we  are  lost  in  wonder  at  progress  made  in  the  designing  and  con- 
struction of  machinery  during  the  last  half-century. 
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.1   METHOD    OF  PROPORTIONING    CYLINDERS 
FOR  COMPOUND  ENGINES. 

BY   K.    C.   KNA1M>,    BOUND   BROOK,   N.    J. 

I  Junior  Member  of  the  Society.) 

In  presenting  the  following  paper  the  writer  will  endeavor  to 

•offer  a  few  simple   and  perhaps  aged  formulae,  expressing  the 

relation  of  pressures  and  cylinder  ratios  for  compound  engines, 

to  show  their  adaptability  to  a  wide  range  of  work,  and  to  com- 

]>are  the  same  with  some  recent  practice. 

In  determining  the  proper  cylinder  ratio  for  a  compound  engine 
it  is  desirable  :  First.  That  the  load  should  be  equally  divided 
between  the  two  cylinders,  as  a  matter  of  convenience  in  propor- 
tioning parts  correctly,  and  at  the  same  time  symmetrically.' 
Serorul.  This  equal  division  of  load  should  extend  throughout 
tbe  entire  range  of  load.  Third.  The  range  of  expansion  and 
corresponding  ran;:e  of  temperature  in  each  cylinder  should  be 
an  economical  one.  Fourth.  The  receiver  space  should  be  of 
sufficient  capacity  not  to  interfere  materially  with  the  form  of 
the  cards  from  the  two  cylinders,  although  that  point  will  not  be 
discussed  at  present. 

A  compound  engine  for  stationary  work  is  usually  called  upon 
to  carry  a  varying  load,  and  often  one  whose  variations  are  rapid 
and  extnjme.  Hence,  for  this  class  of  work,  the  division  of  load 
becomes  of  greatest  importance.  A  system  to  meet  these  re- 
quirements more  or  less  completely  will  be  described  and  after- 
ward discussed. 

Tlie  cut-off  is  to  be  automatically  varied  and  kept  at  the  same 
]K)int  in  botli  cylinders.  The  clearance  space  of  both  cylinders 
is  to  }>f^  HO  filled  by  compression  that  if  the  compressicm  line 
were  extendorl  to  the  steam  line  the  amount  of  clearance  thus 
Hhowri  remaining  to  be  filhid  at  admission  shall  be  the  same  per- 
centage of  tli(;  disphicement  in  ])oth  cylinders.      This  is  best 

♦Prenentf-d  at  the  Detr.nt  iiuMMin^'  (.iuiw.  180r>)  of  i\w,  Arrx^rican  Society  of 
Mf-cliauical  En^'ineers,  and  forming  part  of  Volume  XVI.  of  the  I'ransactions . 
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accomplished  by  having  the  clearance  the  same  percentage  in 
both  cylinders,  and  compression  carried  to  the  same  percentage 
of  initial  pressure  in  both. 

The  receiver  space  is  assumed  large  enough  not  to  materially 
affect  the  cards,  and  the  steam  in  its  expansion  is  assumed  to 
follow  the  law  P  Y  =  Constant. 

An  attempt  was  first  made  to  study  the  problem  by  means  of 


337.8  °-j 


Fig.  217. 


27l!5° 


Fig.  218. 


diagrams,  but  it  was  soon  found  that  when  the  load  was  equal- 
ized the  relations  of  pressure  and  cylinder  ratio  could  be  ex- 
pressed as  follows  : 

Let  Pj  =  Initial  pressure  in  high-pressure  cylinder.  1 
Let  Pji  —  Receiver  pressure.  j       All 

Let  Pi  =  Back  pressure  in  low-pressure  cylinder,  j  absolute. 
Let  B    ~  Cylinder  ratio.  J 


Then 


B 


VI:: 


p    —  L^     p 


R' 


Pb_,Pi 

P' 


R 


Now  let  the  pair  of  cards  shown  herewith  in  Figs.  217  and  218 
be  drawn  with  P/,  P/.,  and  P,,,  as  indicated  in  the  formulae.  Let 
the  clearance  of  the  two  cylinders  be  the  same  percentage,  and 
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compression  begin  at  tlie  same  point  of  the  stroke,  thus  com- 
pressing to  the  same  percentage  of  initial  pressure  in  each,  and 
leaving  the  same  percentage  to  be  filled  at  admission.  Then,  if 
tlie  cut-off  is  the  same  in  both  cylinders,  the  work  done  on  each 
j)iston  is  the  same,  regardless  of  where  the  cut-off  is,  for  in  this 
case  the  pressure  represented  by  any  ordinate  of  one  card  is  to 
the  pressure  represented  by  the  corresponding  ordinate  of  the 
other  inversely  as  the  cylinder  ratio,  and  the  effective  force  on 
e;ich  piston  is  the  same.* 

Thus  we  see  that  the  drop,  while  less  in  the  low-pressure 
cylinder,  is  equivalent  to  that  of  the  high,  and  becomes  zero  at 
the  same  point  of  cut-off.  By  choosing  the  proper  size  of  cylin- 
ders this  drop  can  be  made  zero  for  any  given  load,  but,  of 
course,  this  can  be  done  for  one  load  only,  and  earlier  than  this 
load  we  have  looping.  And  now  the  question  arises,  Is  the  drop 
detrimental  to  economy?  To  say  that  drop  between  the  two 
cylinders  is  detrimental  to  econom}^  seems  to  be  contradictory 
to  the  theory  of  the  throttling  calorimeter,  in  which  the  steam 
is  allowed  to  expand  without  resistance,  thus  retaining  all  its 
heat,  which,  in  the  form  of  superheat,  is  afterwards  measured. 
When  this  expansion  takes  place  into  the  receiver  of  an  engine, 
the  superheat  thus  caused  is  in  its  most  available  form  for  trans- 
formation into  work  in  the  following  cylinder. 

The  drop  in  the  low-pressure  cylinder  seems  to  represent  a 
waste  similar  to  that  in  a  non-condensing  engine  where  expan- 
sion is  not  carried  to  atmospheric  pressure,  and  the  same  argu- 
ments which  justify  one  justify  the  other,  viz. :  first  cost  of  engine 
internal  friction — and  Mr.  Ball  would  very  properly  add  cylin- 

*  Proof,  —  Between  b  and  e  the  effective  pressure  shown  by  any  ordinate  x  of  the 
high-presaure  card  =  Pj  —  P2    x  —  ;   and  the  same  for  the  corresponding  ordi- 

,  ,                                                                 oa  _    1  f  oa\ 

nate  of  the  low-pressure  card  =  Pr  —  Pr  x ^  ^  I  P/  —  Pr  x  —  ), 

ox         xi    \  OX  I 

Between  e  and  c  the  high-pressure  ordinate  =  Pi  —  Pr  ;  and  the  corre- 
Hp<jnfling  low  =P^-  p,  =  —  (p,  _  p^). 

Between  c  and  d  any  high-pressure  ordinate  x  represents  an  effective  presa- 
urr-    -  1  ,   /        _  /^^  J  and   ^\^^  correspotiding   ordinate  of  the   low    represents 


^-i:-^-  •  •  •  \{.^-^i-A 
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der  condensation,  upon  which  ground  alone  he  is  prepared  to 
defend  the  drop  in  both  cylinders 

Eeturning  again  to  the  diagrams,  we  see  that  the  product  of 
the  pressure  and  volume  at  cut-off  in  the  high-pressure  cylinder 
—  Pj  X  oc,  and  in  the  low  Pr  x  oc  x  R  —  Pj  a  oc,  so  that  the 
steam  demanded  by  the  low-pressure  cylinder  and  that  de- 
livered by  the  high  are  equal,  as  required. 

From  the  formulae  we  have,  for  non-condensinof  engines :    Pr, 
assumed  16  pounds. 

Initial  pressure. 


Gauge.            80 

100 

125 

150 

200 

Pj                  95 

115 

140 

165 

215 

Cylinder  ratio. 

B           2.45 

2.68 

3.02 

3.17 

3.70 

Pi^        39 

43 

47 

52 

58 

P.         16 

16 

16 

16 

16 

Range  of  temperature. 

H.  P.        58.3^ 

66.3 

75.8° 

82.5° 

91.4° 

L.  P.         49.3^ 

55.2 

60.7° 

67.0' 

74.0° 

i\nd  for  condensing  engines  we 

have  :  P^, 

assumed  : 

=  3i  pounds. 

Initial  pressure. 

Gauge.         80 

100         125         150 

175 

200 

P,            95 

115        140         165 

190 

215 

R              5.21 

5.72 

6.32       6.86       7.36 

7.74 

P^           18.25 

20          22          24 

25.8 

28 

P»              35 

3.5 

3.5          3.5         3.5 

3.5 

Bange  of  temperature 

. 

H.  P.        101° 

110° 

120° 

128°        : 

L35°        141^ 

L.  P.           76° 

80.6^ 

85.7° 

90.4' 

95°          99" 

Mr.  James  Tribe,  in  a  paper  published  in  the  Ammcan 
Machinist  of  September  10,  1891,  by  a  somewhat  similar  line  of 
reasoning  arrives  at  cylinder  ratios  for  non-condensing  com- 
pounds which  correspond  very  closely  with  those  given  above  ; 
but  when  he  comes  to  condensing  engines  he  makes  an  allow- 
ance for  loss  in  expansion  which  allows  his  cylinder  ratio  in  no 
case  to  rise  above  4.25. 
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It  seems  quite  possible  that  the  cylinder  ratio  of  Mr.  Bock- 
wood's  remarkable  engine,  with  a  ratio  of  T  to  1,  a  test  of  which 
was  reported  at  the  last  meeting,  was  computed  from  substan- 
tially the  same  formula,  so  closely  does  it  correspond. 

In  this  case  Pj  --  159  +  15  =  174  pounds.  Pj  was  probably 
intended  for  175  pounds. 


i/l75 
V    3.5 


Then,  taking  P,  =  3i  pounds,  B  =  y    3^  =  7.06. 

Mr.  Rock  wood  is  also  yery  successful  in  showing  that  the  drop 
between  the  two  cylinders  is  not  a  yery  serious  matter. 

The  writer  has  been  somewhat  in  doubt  whether,  with  the 
extreme  ranges  of  expansion  used  by  Mr.  Rock  wood,  the  steam 
could  be  relied  upon  to  follow  the  law  PV=  Constant,  and  has 
consequently  hesitated  somewhat  to  recommend  a  cylinder  ratio 
higher  than  five.  The  report  of  the  performance  of  Mr.  Rock- 
wood's  engine  was  anxiously  awaited  on  this  account,  and 
although  the  information  on  this  point  is  not  so  exact  as  might 
be  desired,  it  seems  to  establish  the  fact  that  the  law  is  followed 
closely  enough  to  justify  the  proportions. 

From  the  formula  it  is  evident  that  a  slight  change  in  P^,  when 
P,,  is  small,  as  for  condensing  engines,  requires  a  marked  change 
in  7?  to  exactly  equalize  the  load  for  a  given  initial  pressure  P/. 
]jut  c)n  the  other  hand  a  change  of  one  pound  in  the  back  press- 
ure, P,,,  will  make  the  load  uneven  only  by  the  amount  due  to  one 
pound  M.  E.  P.  on  the  low-pressure  piston.  For  this  reason  a 
given  cylinder  ratio  can  be  made  to  cover  a  greater  range  of 
values  of  P/  with  the  condensing  than  with  the  non-condensing 
engine. 

And  now,  regarding  the  range  of  temperature  in  the  two  cylin- 
ders. The  writer  believes  with  Mr.  Rockwood  that  the  range 
should  not  be  equal  for  the  greatest  economy,  but  should  be 
inversely  as  the  surfaces  exposed,  or  inversely  as  the  diameters, 
or  inversely  as  the  square  root  of  the  cylinder  ratio.  It  will  be 
ol^served  from  the  table  tliat  while  the  range  is  in  every  case 
lower  in  the  low-pressure  cylinder,  as  it  should  be,  it  is  higher 
somewhat  than  this  rule  wouhl  indicate. 

On  tlje  wliole  w  have  the  following  results  :  Correct  steam 
distril)ution,  witli  a  relation  of  cut-off  easily  obtained.  Evenly 
divided  load  througlnjut  the  entire  range.  Proportions  of  clear- 
ance and  compression  easily  obtained.     Good  division  of  range 
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x){  temperature,  and  drops  in  the  two  cyliuders  which  can  be- 
made  to  correspond  with  any  requirement  for  economy.  And 
here  we  will  leave  the  subject  to  the  consideration  of  the  critics 
of  the  Society  who  may  find  it  of  interest. 


DISCUSSION. 

2f/'.  James  B.  Stanwood. — I  would  like  to  call  attention  to  the 
iitle  of  this  paper,  which  I  think  might  be  made  more  narrow  than 
it  is.  It  says  :  "  A  method  of  proportioning  the  cylinders  of  com- 
pound engines."  I  would  add  :  "  To  secure  an  equal  division  of 
work  and  equal  pressures  in  both  cylinders."  This  method  relates 
only  to  one  phase  of  the  subject,  and  cannot  be  adapted  without 
modification  to  usual  conditions  of  practice. 

2[r.  Geoj^ge  I.  Rockwood. — I  agree  with  the  last  speaker  in  think- 
ing that  the  title  of  this  paper  is  a  little  too  broad  for  the  treat- 
ment of  the  subject.  I  acknowledge  that  many  writers  on  cylin- 
der ratios  of  compound  engines  have  rested  on  the  dictum  which 
forms  the  basis  of  the  author's  computations  in  the  paper — that 
the  best  ratio  is  that  which  gives  an  equal  division  of  the  total 
work  to  each  cyliuder.  But  whatever  experience  I  have  had  with 
high  pressures — l-iO  to  160  pounds — leads  me  to  conclude  that  it 
is  more  economical  to  do  |  or  |  of  the  total  work  in  the  high-press- 
ure cylinder,  since  the  amount  of  cylinder  condensation  in  each 
cylinder  is  then  more  likely  to  be  equal.  Of  course,  the  amount 
of  work  done  in  each  cylinder  has  no  direct  connection  with 
the  amount  of  ''cylinder  condensation"  in  each  cylinder,  and  a 
formula  based  upon  an  equality  of  work  is  but  a  rule  of  thumb, 
which  may  be  either  right  or  wrong.  I  think  the  suggestion  is 
wise  to  control  the  point  of  cut-off  in  the  second  cylinder  by  the 
governor,  in  places  Avhere  the  load  is  variable,  both  on  the  score 
of  economy  and  closer  regulation. 

The  question  of  what  the  best  cylinder  ratios  for  a  wide  range 
of  initial  pressures  may  be  is  a  pressing  one,  and  I  am  glad  to  be 
able  to  state  that  it  is  to  be  carefully  investigated  at  the  Worces- 
ter Polytechnic  Institute,  where  they  are  now  putting  into  the 
mechanical  laboratory  a  triple-expansion  engine,  unique,  amongst 
experimental  engines  in  at  least  one  important  particular,  that 
each  engine  may  be  run  separately  and  at  variable  speeds  as  well 
as  at  variable  steam  pressures.     Thus,  any  two  of  these  engines 
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cau  be  operated  together  as  a  compound,  and  by  speeding  up  the 
low-pressure  side  relatively  to  the  speed  of  the  high-pressure  side,, 
any  cylinder  ratio  desired  may  be  tested. 

I  hope  to  see  the  question  of  the  relative  importance  of  the 
intermediate  c^diuder  of  a  triple-expansion  engine  settled,  for  steam 
pressures  less  than  200  pounds. 

J//'.  Wllliani  Kent. — I  wish  to  call  the  attention  of  the  members 
who  are  interested  in  this  question  of  steam-engine  economy  to 
the  sentence  on  the  first  page  of  this  paper  :  "  A  compound  engine 
for  stationary  work  is  usually  called  upon  to  carry  a  varying  load." 
Now,  the  aim  of  nearly  all  the  reports  of  tests  that  we  have  of  steam- 
eugines,  and  of  nearly  all  the  investigations  we  have  had  yet  of 
the  steam  consumption  in  an  engine,  determine  only  the  consump- 
tion when  it  is  running  at  that  point  of  cut-off  which  is  supposed 
to  give  maximum  economy,  and  the  question  asked  concerning  aui 
engine  usually  is.  How  low  can  we  get  its  steam  consumption 
under  a  single  set  of  conditions  ?  I  think  this  whole  question  should 
be  broadened  out  so  as  to  have  a  series  of  tests  in  which  we  will 
find  what  conditions  or  what  design  will  give  us  the  maximum 
economy  for  a  great  range  of  load  ;  that  is,  if  we  have  two  engioes 
to  test  against  each  other,  each  of  500  horse-power,  each  of  the 
engines  may,  say,  give  a  water  consumption  of  only  12  pounds,  at 
600  horse-power,  but  one  tested  all  the  way  from  300  to  600  horse- 
power may  give  a  higher  economy  throughout  the  whole  range 
tlian  the  other,  and  the  one  which  gives  the  higher  average  econ- 
omy for  the  whole  range  is  the  better.  This  question  should  also 
be  taken  up  in  regard  to  the  steam  boiler.  I  have  never  heard  of  a 
competitive  test  made  of  steam  boilers  to  determine  which  boiler 
was  the  best  throughout  a  given  range. 

Mr.  Stanvwod. — I  would  like  to  indorse  Mr.  Kent's  remarks  in 
this  particular.  It  seems  to  me  that  the  problem  for  the  steam 
engineer,  especially  for  our  western  country,  is  to  design  a  non- 
confi(aisiiig  fnigine  which  will  ])roduce  high  economy  under  both 
high  and  low  loads.  Our  industries  usually  develop  extremely 
high  and  extremely  low  loads,  and  it  is  very  seldom  that  we  find 
a  place  where  there  is  a  constant  load.  The  average  of  a  high 
and  light  load  is  not  an  equivalent  of  a  constant  load.  The  con- 
ditions accompanying  the  development  and  distribution  of  elec- 
trical engineering  tends  to  make  constant  loads  more  rare  find 
extreme  variations  in  load  more  common.  The  engine  which  will 
give  the  best  results  at  a  maximum  load,  and  a  good  result  at 
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light  load,  will  be  the  best  engine  commerciallj  for  the  future. 
The  same  holds  true  for  boilers. 

J//'.  Jesse  Ji[.  Smith. — I  have  been  pleased  to  see  that  Mr.  Knap]> 
has  put  into  form  the  subject  to  which  I  called  the  attention  of 
the  Society  at  the  New  York  meeting  in  1892 — that  is  to  say,  pro- 
portioning the  engine  so  that  the  work  done  in  the  two  cylinders 
should  be  the  same,  and  should  remain  the  same  throughout  the 
entire  range  of  the  power  of  the  engine.  This  is  accomplished 
very  readily  by  having  the  valve  gear  of  both  cylinders  controlled 
by  the  governor,  to  which  I  called  attention  at  the  Xew  York 
meeting  in  1892,  and  which  was  the  condition  of  the  engine  on 
which  I  reported  a  test  at  the  Montreal  meeting.  This  latter 
engine  was  driving  an  electric  railway  in  which  there  were  only 
three  cars,  and  in  which  the  load  varied,  as  you  will  remember, 
from  about  100  horse-power  down  to  5  or  10  liorse-power  in  less 
than  five  seconds.  The  results  there  given  were  commercial  re- 
sults— everyday  work — and  the  test  was  carried  on  for  eighteen 
consecutive  hours,  with  readings  taken  every  five  minutes  in  the 
cylinders,  every  ten  seconds  on  the  electrical  instruments.  This 
paper  presented  to-day  on  "  Tests  of  a  Combined  Electric  Light 
and  Electric  Railway  Station"  is  also  made  under  the  same  con- 
ditions of  variable  load  and  a  load  which  varies  very  rapidh^,  and, 
you  might  say,  almost  instantaneously.  These  results  cover 
somewhat  the  point  that  Mr.  Kent  raised.  The  economies  are 
those  of  engines  under  actual  conditions  of  an  electric  station,  in 
this  paper  and  the  one  that  I  presented  at  the  Montreal  meeting; 
whereas  the  very  high  efficiencies  which  have  been  found  in  ])ump-^ 
ing  engines,  and  in  some  cotton-mill  engines,  are  based  upon  a 
load  which  is  practically  constant. 

J//'.  Hockiraod.  — If  I  may  be  allowed  to  speak  once  more,  the 
discussion  is  drifting  now  to  the  matter  of  variable  load.  I  want 
to  connect  that  with  the  subject  proj^er  of  this  paper,  and  refer  to 
the  marked  advantage  of  using  steam  at  a  high  pressure  in  a 
compound  engine  having  the  extreme  ratio  of  cylinder  volumes  of 
which  I  have  been  an  advocate,  for  places  'where  the  load  Is  mirt- 
alAe,  as  I  understand  it  is  currently  believed  that  under  such 
circumstances  a  relatively  large  high-pressure  cylinder  will  give 
the  best  results.  I  have  tested  a  triple-expansion  engine  run 
without  its  intermediate  cylinder  and  with  a  constant  receiver 
pressure,  and  I  have  found  that  a  variation  of  50  per  cent,  in  the 
load  did  not   affect  the   economy  of   its   operation   appreciably. 


770      I'RoroRTioNiNrr  cylinders  for  co:MPorKD  engines. 

The  ordiuary  compound,  as  Professor  Carpenter  has  sliowu,  is. 
more  economical  with  a  variable  load  than  is  the  simple  engine^ 
and  the  type  of  compound  which  I  refer  to  is  more  economical 
even  than  the  ordinary  kind. 

P/'oU'-'^j<or  llution. — If  I  understand  the  statement  at  the  top  of 
page  763,  wliere  the  author  says,  "  This  is  best  accomplished  by 
having  the  clearance  the  same  percentage  in  both  cylinders,"  I 
do  not  think  that  is  true.  I  would  like  to  have  the  author  explain 
it,  and  justify  it  if  he  thinks  it  is  true. 

Mr.  liOcVwood. — I  think  that  the  author  has  to  make  that 
premise  in  order  that  the  formulae  can  be  mathematically  precise. 
Tlit  President. — I  think  that  is  very  misleadinec.  It  seems  to 
me  that  that  is  a  question  tliat  ought  to  be  discussed  a  little 
before  it  is  put  into  the  Proceedings.  In  this  shape  it  is  liable  to 
be  very  misleading.  I  would  like  to  have  some  of  our  members 
who  have  experimented  in  these  matters  give  an  opinion  on  that 
subject.  We  all  know  that  the  clearance  in  the  high-pressure 
cylinder  must  be  very  much  larger  than  the  low-pressure  to  make 
the  compressions  anywhere  equal;  or  else  you  have  to  cut  out  the 
inside  lap  of  the  valve  which  is  equivalent,  to  an  injurious  extent. 
Mr.  Roehuood. — The  clearance  of  the  low-pressure  cylinder  is 
always  about  60  per  cent,  greater  than  that  of  the  high-pressure 
cylinder,  if  the  engine  is  properly  designed. 

M\  Knapp!*' — I  am  glad  to  see  that  the  importance  of  proper 
st^am  distribution  and  division  of  load,  throughout  the  entire  range 
of  load,  lias  been  brought  so  prominently  to  the  front  in  this  dis- 
cussion. With  any  load,  not  too  light,  valves  can  be  adjusted  to 
give  fairly  satisfactory  results  with  almost  any  cylinder  ratio,  but 
as  soon  as  the  load  changes,  anew  adjustment  is  required.  Apply- 
ing the  automatic  cut-off  to  both  cylinders,  in  itself,  only  partly 
overcomes  the  difficulty.  The  points  of  cut-off  in  the  two  cylinders, 
the  pressures  which  are  the  limits,  the  proportion  of  load  taken 
by  each  cylinder,  and  the  cylinder  ratio  must  bear  certain  relations 
t^>  one  another  for  the  Ijest  results,  which  may  form  the  subject  of 
a  more  extended  ])ap(ir.  The  system  here  described  forms  a  spe- 
cial casf'  and,  to  the  author's  mind,  the  simplest,  most  effective, 
and,  tlierefore,  the  most  desirable  one.  It  was  selected,  after 
qnite  a  thorough  consideration  of  mechanical  details,  as  the  sim- 
plest arrangement  and  at  the  same  time  the  one  which  most  fully 
meets  the  requirements  of  "  the  usual  conditions  of  ])ractice." 

*  Auttior'a  closure,  under  tlie  Rules. 
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Tlie  point  of  division  of  load  which  gives  absolutely  the  highest 
thermudynamic  etiicieiicj'  is  not  yet  definitely  determined.  An 
equal  division  of  load  possesses  many  advantages  in  proportion- 
ing parts  and  balancing  the  engine,  and,  being  also  very  near 
the  most  economical  point,  was,  therefore,  chosen.  It  is  also 
doubtful  if  any  other  proportion  than  an  equal  division  could  l)e 
maintained  throughout  the  entire  range  of  load. 

Given  two  cylinders  operating  reciprocating  parts  of  the  same 
weight,  at  the  same  speed  and  stroke,  the  requirements  to  stop 
the  parts  are  identical.  Then,  if  the  actuating  pressures  upon  the 
piston  have  been  inversely  as  the  areas,  thus  producing  identical 
effects  upon  tlie  piston-rods  for  the  entire  cycle,  with  the  excep- 
tion of  the  period  of  compression,  it  would  be  natural  to  conclude 
that  the  rule  of  inverse  pressures,  carried  through  compression 
also,  would  give  the  best  results.  For,  proportioning  the  pressure 
to  correspond  with  the  weight  and  speed  of  reciprocating  parts 
for  one  cylinder,  and  taking  an  erpial  percentage  of  clearance  and 
the  same  exhaust  closure  for  both,  we  have  the  requirements  ful- 
filled with  mathematical  exactness  for  the  following  desirable  feat- 
ures for  both  cylinders  : 

First. — Compression  correct  to  check  the  reciprocating  parts. 

Second. — Exact  division  of  load. 

Third. — Constant  receiver  pressure,  and,  therefore,  constant 
range  of  temperature  in  each  cylinder,  because  the  steam  required 
for  the  clearance  space  of  the  high-pressure  cylinder  is  just  the 
amount  required  for  the  same  purpose  in  the  low,  wliile  the  other 
requirements  for  constant  receiver  pressure  are  fulfilled  by  the 
cut-offs.  These  are  three  results  which  it  would  be  difficult  to 
coml^ine  in  any  other  way.  It  is  also  to  be  noted  that  this  is  the 
steam  distribution  most  easily  obtained  with  any  form  of  valve 
gear. 

It  is  safe  to  say  that  any  reasonable  variation  in  clearance 
would  not,  in  practice,  produce  a  serious  change,  especially  if  the 
compression  were  made  to  follow  the  law  for  such  cases  indicated 
in  the  foregoing  paper  ;  although  the  laws  governing  the  load  in 
this  case  would  be  more  difficult  to  express  with  the  same  precis- 
ion. As  far  as  economy  alone  is  concerned,  the  most  economical 
clearance  for  both  cylinders  is  probably  zero,  which  would  be 
unsatisfactory  if  it  were  not  impossible. 

Mr.  Smith  recalls  the  report  of  a  test  which  I  remember  read- 
ing with    great   interest.      Here  is    an  engine    giving  the    same 
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results  wliich  should  be  expected  from  the  system  described.  The 
mechiinicnl  details  are  evidently,  within  reasonable  limits,  those 
advocated  in  the  preceding  paper.  Now,  if  the  pressures  selected 
as  limits  are  those  for  which  the  cylinder  ratio  is  adapted,  the 
results  are  those  which,  in  the  opiuion  of  the  author,  ought  to  be 
expected.  And  here  I  would  say  that,  if  the  pressures  are  not 
those  for  wliich  the  cylinder  ratio  is  best  adapted,  the  results 
should  still  be  more  satisfactory  than  with  the  fixed  cut-off  on  the 
low-pressure  cylinder. 

The  pressure  limits  were  117.5  and  0  gauge. 

The  abs.  initial  pressure  (Pj)  is,  therefore,  117.5  +  15  ==   132.5 

The  abs.  back  pressure  (P^)  equals 15. 

The  cylinder  ratio  (/?)  should  equal  A/  --,>*' 2.97 

132  5 

And   the  receiver  pressure  (abs.)  should  equal    ^^  qW  =     44.6 

or,  the   receiver  pressure  gauge  should  equal  44.6  —  15  =     29.6 
The  size  of    engine  was  8    and    13.75  x  12,   giving  a 

11           f        f   a3.75)^ 
cvlmder   ratio    of        .    ,     = ....        2.9o 

and  receiver  pressures   from   the  cards  varyino-  from  28 

to  31   pounds  gauge,  giving  a  mean  of  (28  +  31)  -^  2  =     29.5  - 

while  the  load  remained   equally  divided  throughout  the  entire 

range. 

Whether  this  engine  was  designed  for  an  initial  pressure  of 
1 17.5  pounds  gauge  I  do  not  know,  but  it  is  evident  that,  in  some 
way,  the  pressure  for  which  it  was  best  adapted  had  been  ascer- 
tained, and  the  figures  show  how  easily  the  system  can  be  applied 
in  practice,  with  mathematical  exactness. 
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THE  DOWX-DRAUGHT  FURNACE  FOR   STEAM 

BOILERS. 

BY    WILLIAM    H.  P.UYAN.  ST.  LOl'IS,  MO. 

(Member  of  the  Society.) 

Probably  no  mechanical  device  lias  clone  as  much  toward  the 
practical  solution  of  the  smoke  problem  in  St.  Louis  as  the  down- 
draught  furnace.  Until  this  apparatus  was  developed  there  was  a 
certain  character  of  steam  plants — or,  rather,  of  steam  service — 
to  which  it  seemed  that  none  of  the  existing  forms  of  smoke- 
abating  furnaces  could  be  satisfactorily  applied.  In  these  plants 
— fortunately  few  in  number  the  demand  for  steam  was  such 
as  to  make  it  necessary  at  times  to  crowd  the  boilers  far  beyond 
their  rated  capacity.  Or  else  the  work  was  subject  to  frequent 
and  extreme  fluctuations,  often  greatly  exceeding  the  rated  capac- 
ity of  the  boilers.  It  may  be  said,  of  course,  that  this  is  abuse, 
rather  than  proper  use,  of  a  boiler  plant,  but,  nevertheless,  these 
conditions  exist,  and  it  is  sometimes  impossible  either  to  mod- 
ify the  conditions  or  increase  the  boiler  capacity. 

The  fact  that  there  seemed  no  practicable  or  reasonable  rem- 
edy for  these  cases  retarded  the  growth  of  the  smoke  abatement 
movement  in  St.  Louis  for  many  years.  It  was  thought  unwise 
to  pass  and  attempt  to  enforce  smoke-abatement  ordinances 
when  it  seemed  impossible  for  some  of  the  plants  to  stop  the 
smoke,  under  reasonable  conditions.  The  demonstration  of  the 
fact  that  the  down-draught  furnace  made  a  good  smoke  record 
possible,  even  with  overworked  boilers  doing  variable  work,  and 
with  a  marked  economy  in  fuel,  may  be  said  to  have  marked  an 
epoch  in  smoke  abatement.  Our  experience  in  St.  Louis  leads 
ns  to  believe  that  smoke  from  boiler  furnaces  can  now  be  abated 
by  practical  means,  without  hardship,  no  matter  what  the  type 
of  boiler,  the  character  of  the  work  required  of  the  plant,  or 
the  kind  of  fuel  used. 


*  Presented  at  the  Detroit  meeting  (.June.  1895)  of  the  Ameiican  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  tlie  Tranmctions. 
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I  speak  thus  highly  of  the  Jown-draught  form  of  furnace  with 
no  iutention  of  denying  the  merits — for  they  are  many— of  othor 
smoke-abating  Jeyices.  Many  of  these  do  excellent  Avork  under 
most  of  the  conditions  occurring  in  practice.  In  my  opinion, 
lioweyer,  no  single  furnace  now  on  the  market  can  bo  adapted  to- 
all  the  conditions  met  witli  in  eyeryday  boiler  seryice.  Each 
type  has  a  place,  a  field  of  usefulness,  within  which  limits  its 
success  is  sure.  Unfortunately,  howeyer,  the  ayerage  furnace 
man  seems  unable  to  realize  this  truth,  but  offers  his  deyice  as 
a  remedy  for  all  sorts  of  cases  and  conditions.  It  is  not  sur- 
])rising,  therefore,  that  he  sometimes  meets  with  failure. 

Where  the  work  recpiired  of  a  boiler  plant  does  not  greatly 
exceed  its  rated  capacity,  and  is  reasonably  uniform,  there  are 
many  good  sinoke-abating  furnaces  which  may  be  used,  some  of 
which  will  make  an  appreciable  saying  in  fuel.  If  our  boiler 
plants  were  properly  designed  and  managed,  and  if  we  did  not 
haye  sometimes  to  oyerwork  them,  and  to  subject  them  to  widely 
yarying  loads,  the  smoke-abatement  problem  would  be  greatly 
simplified.  The  fact,  howeyer,  that  eyen  such  discouraging  con- 
ditions as  these  can  now  be  intelligently  remedied,  has  led  ta 
the  preparation  of  this  paper. 

Fortunately  for  the  steam-using  public,  seyeral  different  forms- 
of  down-draught  furnaces  are  offered  for  sale,  by  yarious  builders, 
and  under  different  patents.  I  haye  had  no  opportunity  of  look- 
ing up  the  number  and  yalue  of  these  patents,  but  it  would  seem 
that  they  refer  to  important  details  of  construction  and  arrange- 
ment, rather  than  to  general  or  essential  principles.  It  is  not 
necossary  to  consider  here  whether  or  not  the  manufacturers 
are  justified  in  charging  royalties.  Their  experience  in  the 
design  and  adaptation  of  the  furnace  to  yarying  conditions — 
and  the  further  fact  that,  as  a  rule,  they  will  guarantee  results 
-would  certainly  a])pear  to  entitle  them  to  a  fair  margin  of 
profit,  at  least. 

Although  the  ])rinciples  are  old,  I  haye  been  unable  to  find 
any  record  of  this  type  of  furnace  coming  into  regular  use  pre- 
vious to  1888.  It  seems  that  tlie  cost  of  the  apparatus,  the  ne- 
cessity for  water  grates,  and  their  frequent  burning  out,  due  to 
defective  construction  and  bad  feed-water,  prevented  its  general 
adoption. 

The  form  of  down-draught  furnace  wlii(;li  has  come  into  most 
general   use.  and  which    jriay  justly  be  said  to  have  contributed 
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more  than  any  other  to  the  present  state  of  the  art,  is  that  inventecl 
1)}'  Mr.  M.  C.  Hawlev,  of  St.  Louis,  and  which  bears  his  name. 
Mr.  Hawley's  experiments  began  as  far  back  as  1873,  and  met  with 
varying  degrees  of  success.  He  was  able  to  show  an  economy 
of  fuel,  and,  with  proper  handling,  an  almost  total  abatement  of 
the  smoke,  even  with  the  low-grade  soft  coals  common  in  the 
Mississippi  valley.  In  1882  Mr.  Hawley  interested  Capt.  C.  W. 
Rogers,  then  General  Manager  of  the  St.  Louis  and  San  Fran- 
cisco Eailway,  who,  after  consultation  with  his  master  mechanic, 
decided  to  build  an  experimental  furnace  in  the  fire-box  of  a 
switch  engine.  The  result  was  so  satisfactory  that  the  furnace 
was  soon  applied  to  another  locomotive  boiler  in  stationary  ser-^ 
vice.  It  was  then  applied  to  ;i  locomotive  in  regular  service.  It 
was  necessary  to  cut  down  the  grate  area  considerably,  but  in 
spite  of  this  the  engine  did  good  service,  being  practically  smoke- 
less and  throwing  no  sparks,  even  with  a  straight  stack  and  no 
netting,  until  destroyed  by  a  roundhouse  fire.  The  furnace  was 
also  applied  to  a  number  of  the  boilers  of  the  St.  Louis  and 
San  Francisco  Railway  Company,  in  stationary  practice,  in  their 
shops  and  other  buildings,  where  they  are  still  running  satis- 
factorily. 

In  1888  a  contract  was  made  to  place  the  Hawley  furnace 
under  an  ordinary  stationary  boiler  in  the  new  factory  of  the 
Hamilton  and  Brown  Shoe  Company,  St.  Louis,  under  a  very 
stringent  guarantee.  The  boiler  was  60  inches  diameter,  20  feet 
long,  with  18  6-incli  flues.  A  similar  boiler  was  set  with  the 
ordinary  furnace,  in  the  same  room.  The  results  in  smoke  abate- 
ment, fuel  economy,  and  capacity  were  so  satisfactory  as  to 
lead  to  the  application  of  the  Hawley  furnace  to  the  other  boiler 
very  shortly  afterwards.  This  case  marked  the  beginning  of 
the  introduction  of  this  type  of  furnace  into  general  stationary 
practice. 

A  brief  description  of  the  characteristic  features  of  the  Haw- 
ley setting  will  be  of  interest.  In  the  earliest  forms  it  consisted 
of  a  single  row  of  water  grates,  these  being  necessary  on  account 
of  the  high  temperatures  developed.  These  water  grates  were 
made  of  -i-inch  pipe,  placed  level,  and  connected  with  the  cir- 
culation system  of  the  boiler  by  water  boxes,  or  headers,  and 
connecting  pipes.  The  sui)ply  pipe  leading  to  the  front  headers 
was  usually  taken  from  near  the  bottom  of  the  front  end  of  the 
shell,  and  the  discharge  was  delivered  near  the  water  line.     The 
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rear  end  of  the  fireplace  above  the  grates  was  closed  off  tightly, 
h\  means  of  a  hanging  water  leg  riveted  to  the  shell  of  the  boiler, 
in  whicli  suitable  openings  liad  been  cut.  In  order  to  insure 
circulation  in  the  tubes  and  prevent  their  burning  off,  it  was 
found  necessary  to  have  the  rear  end  of  each  tube  project  far 
enough  into  the  water  leg  to  permit  attaching  an  elbow,  into 
which  was  screwed  a  riser,  reaching  up  into  the  main  body  of 
the  water  in  the  boiler.  Further  experiments  showed  that  it 
Avas  usually  desirable  to  put  in  two  rows  of  water  grates,  and  to 
stairtrer  them.  Even  then,  however,  a  considerable  amount  of 
unburned  fuel  fell  through  the  grates,  and  Avas  hauled  out  with 
the  ashes,  unconsumed.  This  caused  a  loss  of  efficiency  when 
the  boilers  were  crowded,  and  led  to  the  adoption  of  the  lower 
grate,  which  is  of  the  ordinary  pattern.  This  form  of  the  fur- 
nace is  shown  in  Fig.  219. 

It  was  at  the  Hamilton  and  Brown  Shoe  Works,  above  referred 
to,  that  the  necessity  for  the  lower  grate  became  evident,  and 
where  it  was  first  a23plied  by  Mr.  Hawley.  It  is  now  an  accepted 
feature  of  all  forms  of  the  Hawley  furnace,  and  to  it,  in  my  opin- 
ion, are  largely  due  the  excellent  results  secured  in  capacity, 
efficiency,  and  smokelessness. 

In  tlie  earlier  forms  of  the  furnace  the  water  grates  were  level. 
It  was  soon  found  that,  by  placing  them  on  an  incline  rising  to 
the  rear,  the  circulation  was  much  improved,  and  the  probability 
of  burning  off  tubes  greatly  reduced.  This  plan  was  then  regu- 
larly adopted,  and  the  pitch  gradually  increased  until  the  stand- 
ard is  now  2j,  to  ?>  inches  per  foot  of  grate  length. 

It  was  soon  found,  also,  that  the  riser  pipes  in  the  rear  water 
box  were  a  source  of  trouble.  Sometimes  they  became  discon- 
nected from  the  elbows,  and  when  new  grates  were  put  in  it  was 
difficult  to  attach  the  elbows  and  risers  to  the  grates,  on  account 
of  interference  with  the  other  risers  and  with  stay-bolts.  When 
thf  risers  were  not  connected,  the  grates  burned  off  in  a  short 
time.  This  ])roved  a  serious  difficulty,  requiring  in  a  number  of 
plants  the  almost  constant  presence  of  boiler  makers.  Part  of 
the  boiler  plant  was  therefore  out  of  service  a  large  portion 
of  the  time,  and  repai)-  bills  were  large.  Experiments  were  then 
made  with  other  forms  of  construction,  and  a  water  box,  or 
liea4ler,  was  finally  adopted  for  the  rear  end,  similar  to  that 
UHed  for  the  front  end  of  the  grates,  the  space  intervening  be- 
tween it  and  the  shell  of  the  boiler  being  built  up  solidly  by  a 
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D-inch  firebrick  wall.  Connections  were  made  from  each  end  of 
the  rear  water  box  to  the  boiler  shell,  some  distance  back  from 
the  front  of  the  boiler,  and  just  below  the  water  line.  This 
ex])edient  proved  satisf actor}',  greatly  reducing  the  number  of 
tubes  burning  ofl". 

This  rear  drum  is  now  made  in  two  forms.  That  adopted  by 
the  St.  Louis  manufacturers  is  simply  a  riveted  drum  20  inches 
in  diameter.  This  large  diameter  permits  the  water  grates  to  be 
screwed  in,  without  the  necessity  of  flattening  the  sides  of  the 
tube,  as  is  customary  with  the  form  adopted  by  the  Chicago 
manufacturers,  whose  rear  drums  are  10  inches  in  diameter. 
In  the  St.  Louis  form  the  drum  is  large  enough  to  permit  a  man 
to  enter  it.  By  placing  a  light  through  a  hand-hole  into  the 
front  drum — which  is  usually  8  or  10  inches  diameter—  it  is  pos- 
.sible  to  look  through  every  tube,  and  thus  ascertain  its  exact 
condition.  The  large  drum,  however,  offers  a  favorable  place 
for  the  accumulation  of  sediment,  which  may  cause  it  to  burn,  on 
account  of  the  high  temperatures  to  wdiich  it  is  exposed.  No 
such  accident,  however,  has  occurred,  so  far  as  I  can  learn. 
Fig.  220  shows  the  St.  Louis  form  of  construction.  It  shows  but 
a  single  row  of  water  grates,  this  form  still  being  frequently 
used,  as  being  easier  handled. 

This  figure  also  sliows  the  present  method  of  building  the 
boiler  fronts.  In  the  early  form,  shown  in  Fig.  219,  the  ashpit 
was  wholly  below  the  floor  line,  and  was  extended  out  in  front 
of  the  boiler  front,  that  portion  of  it  being  covered  with  sheet- 
iron  plates,  which  were  removed  when  cleaning  the  ashpit. 
This  arrangement  proving  unsatisfactory,  it  was  replaced  by  the 
three-door  front  shown  in  Fig.  220.  This  plan  raised  the  average 
level  of  tlie  upper  grates  to  a  point  some  18  inches  above  that 
of  the  ordinary  furnace,  making  it  necessary  for  the  fireman  to 
lift  the  coal  tliat  much  higher,  and  making  the  firing  consid- 
erably more  laborious.  It  has  now  become  customary  to  raise 
the  floor  a  little  at  a  point  some  three  feet  away  from  the  front 
<8ee  heavy  dotted  line  in  Fig.  220),  thus  permitting  the  fireman  to 
stand  at  the  usual  level  with  reference  to  height  of  grate.  It  is 
desirablo  also  to  have  the  ashpit  slope  to  the  rear,  to  facilitate 
cleaning. 

Xh  will  l)e  clearly  seen  fiom  tlie  drawings,  tlie  operation  of  the 
down-draught  furnace  is  directly  opposite  to  that  of  the  ordinary 
setting.     Very  little  air  is  admitted  below  the  water  grates ;  the 
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entire  supply  of  coal,  and  practically  all  the  air,  entering  above. 
The  fire  burns  downward  instead  of  upward,  there  being  "na 
thoroughfare  "  except  downward  through  the  grates.  The  gas- 
eous products  of  combustion,  together  with  the  finely  divided 
carbon  particles  which  form  the  visible  smoke,  are  forced 
through  the  incandescent  mass  of  coal  and  are  highly  heated, 
after  which  they  meet  the  equally  hot  flame  from  the  low^er 
grates,  on  which  there  is  burning  what  is  practically  a  coke  fire. 
The  combined  water  of  the  volatile  matter  in  the  coal,  as  well  as 
its  moisture,  are  decomposed  into  hydrogen  and  carbonic  oxide 
gases.  These  combine  with  air  supplied  below  the  grate,  or 
drawn  downw^ard  through  it,  and  burn,  thus  adding  to  the 
efficiency  of  the  furnace  instead  of  impeding  it.  The  separated 
carbon  meanwhile  is  transformed  into  carbonic  acid  gas,  which 
is  invisible.  The  result  is  almost  complete  combustion.  Such 
little  additional  air  as  is  needed  is  furnished  through  the 
registers  of  the  doors  between  the  two  grates,  or  through  those 
of  the  ashpit,  the  doors  of  which  are  sometimes  left  partly  open 
also. 

In  practice  it  is  found  that,  as  an  average,  the  upper  grates 
do  probably  90  per  cent,  of  the  work.  When  the  boilers  are  not 
crowded  little  or  no  fuel  is  burned  on  the  lower  grates.  When 
there  is  a  demand  for  an  increased  amount  of  steam  the  fireman 
runs  his  slice-Vjar  along  or  between  the  upper  grates,  causing  a 
considerable  amount  of  half-burned  coal  to  drop  through  to  the 
lower  grates,  where  its  combustion  is  completed. 

It  will  be  seen  that  the  water  grates  and  headers  add  some- 
what to  the  heating  surface,  and  thus  increase  the  capacity 
of  the  boiler.  It  has  been  found,  however,  that  this  reversing  of 
the  path  of  the  gases,  and  requiring  them  to  traverse  the  tortu- 
ous passages,  makes  necessary  a  somewhat  increased  chimney 
capacity,  if  it  is  desired  that  the  boilers  be  capable  of  doing  as 
much  work  as  with  the  ordinary  setting.  If  the  demand  for 
steam  never  greatly  exceeds  the  rated  capacity  of  the  boiler  the 
ordinary  chimney  will  answer,  it  simply  being  necessary  to 
carry  thinner  fires.  The  best  results,  however,  in  efficiency  and 
Hmokoloasness,  as  well  as  in  capacity,  are  secured  by  having  a 
chimney  of  ample  lieight ;  a  statement,  however,  which  is  equally 
true  with  regard  to  ordinary  settings,  which  rarely  have  enough 
chimney.  , 

In  order  to  make  a  fair  and  definite  comparison  of  the  Hawley 
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down-draught  setting 
with  the  ordinary  fur- 
nace, the  Smoke  Com- 
mission of  the  city  of 
St.  Louis,  of  which  the 
writer  is  a  member, 
made  a  competitive  test 
at  the  plant  of  the 
William  J.  Lemp  Brew- 
ing Company,  on  July 
11,  1893.  The  boilers 
were  identical  in  every 
respect  except  as  re- 
gards their  furnaces, 
and  that  the  chimney 
for  the  down-draughts 
was  143  feet  high,  and 
for  the  common  battery 
100  feet  high,  above 
grate  level.  The  official 
reports  of  these  tests  are 
appended  to  this  paper. 
(Table  I.)  It  will  be 
noticed  that  in  both 
cases  the  boilers  were 
run  at  more  than  double 
their  nominal  rating, 
and  that  the  efficiency 
of  the  Hawley  was  over 
21  per  cent,  higher  than 
that  of  the  common  fur- 
nace. 

The  smoke  record 
(see  chart.  Fig.  222) 
shows  a  reduction  in 
the  smoke  of  nearly  96 
per  cent.,  even  under 
these  extraordinarily 
severe  conditions.  Fig. 
221  shows  a  chart  made 
by  the  writer  from  the 
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cliiiiiney  of  a  Heine  boiler,  set  with  the  Hawley  furnace,  at  a 
time  when  the  boiler  -was  being  run  at  25  per  cent,  above  its 
rating.  It  shows  the  remarkably  low  figure  of  only  f  of  1  per 
cent,  of  smoke — in  fact,  there  was  absolutely  no  smoke  except 
while  the  tires  were  being  cleaned.  , 
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It  will  be  seen  in  Figs.  'il9  and  2'20  that  in  the  standard  form 
of  construction  the  fireplace  is  immediately  under  the  front  end 
of  tiie  boiler.  This  usually  cuts  off  from  50  to  60  square  feet  of 
valuaVde  shell  heating  surface,  and,  furthermore,  must  interfere 
largely  with  the  circulation  of  the  water  in  the  boiler.     In  a  few 
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instances  external  fireplaces  have  been  built,  but  their  somewhat 
greater  cost,  the  increased  space  occupied,  the  necessity  for  a 
special  form  of  front,  and  the  difficulty  found  in  supporting  the 
firebrick  arches  over  the  water  grates,  have  prevented  the  gen- 
eral adoption  of  this  plan.  In  my  opinion,  however,  it  possesses 
important  advantages  in  capacity  and  efficiency,  and  should  be 
followed  wherever  sufficient  space  is  available. 

With  the  present  form  of  water-drums  and  tubes  there  is  but 
little  danger  of  the  tubes  burning  out  unless  the  feed-water  is 
bad.  This  is  a  point  tliat  must  be  carefully  looked  into  when  it  is 
proposed  to  use  the  down-draught  furnace.  It  is  a  matter,  how- 
ever, that  should  always  have  attention,  whatever  the  type  of 
boiler  or  setting:  aud  as  there  are  now  so  many  good  systems 
of  water  purification  there  is  little  excuse  for  permitting  heating 
surfaces  to  become  foul  with  scale.  When  the  tubes  burn  out 
they  do  so  without  causing  damage  to  the  surroundings.  Some- 
times only  the  threads  are  stripped,  and  at  other  times  the  tube 
splits,  resulting  in  a  large,  but  not  serious,  leak  of  water.  la 
such  cases  the  boilers  are  generally  run  in  their  regular  service 
until  the  usual  time  of  shutting  down,  and  cases  are  on  record 
where  the  boilers  have  been  run  until  Saturday  night — almost  a 
full  week.  It  is  desirable,  however,  that  at  least  one  side  of  the 
boiler  be  accessible,  in  order  to  afford  access  to  both  drums, 
particularly  with  bad  feed-water.  This  necessitates  a  passage- 
way between  each  pair  of  boilers. 

A  few  cases  of  grate  renewals  have  been  due  to  careless  or 
ignorant  handling  of  the  slice-bar  by  the  fireman,  bringing  a 
severe  cross-bending  strain  on  the  tubes.  This,  of  course,  must 
be  carefully  oruarded  against. 

There  being  considerable  special  ironwork  connected  with 
the  Hawley  setting,  this  type  of  furnace  is  necessarily  more 
expensive  in  first  cost  than  some  others.  Measured  in  results, 
however,  the  advantages  would,  in  most  cases,  appear  to  warrant 
a  considerably  greater  investment  than  is  ever  required. 

The  conditions  under  which  it  would  appear  unwise  to  use 
the  Hawley  down-draught  furnace  for  smoke  abatement  would 
seem  to  be  : 

First. — Where  the  feed-water  is  quite  impure,  and  cannot  be 
readily  imjDroved. 

Serond. — Where  the  feed-water  is  bad,  and  the  boiler  is  not 
accessible  from  the  side. 
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Third. — Where  the  draught  is  poor,  and  the  boilers  are  hard' 
worked.  Usually,  however,  the  lieight  of  chimney  can  be  in- 
creased. 

Fourth. — Where  there  is  but  a  single  boiler.  The  possibility 
of  an  occasional  tube  renewal  might  cause  the  interruption  of 
the  service  for  several  days.  This  danger  would  be  very  remote 
with  reasonably  pure  feed-water. 

Fifth. — Where  the  plant  is  of  such  a  size  or  character  as  not 
to  warrant  the  investment. 

Evaporative  tests  made  by  m.yself  and  others  indicate  that 
the  Hawley  furnace  adds  to  the  efficiency  of  improved  water- 
tube  forms  of  boilers,  although  the  percentage  of  increase  is 
not  so  great  as  with  the  ordinary  boilers.*  The  design  of  the 
furnace  is  such  as  to  make  it  readily  applicable  to  any  form  of 
l»oiler. 

I  recently  prepared  a  series  of  instructions  to  firemen  for  a 
large  plant  operating  the  down-draught  furnaces.  These  are 
appended  hereto.  It  will  be  seen  that  the  requirements  are  not 
at  all  difficult  of  comprehension  and  execution. 

In  some  cases  the  use  of  this  furnace  has  been  found  to  add 
to  the  labor  cost.  This  was  due  in  a  few  cases  to  the  increased 
heiglit  to  which  the  coal  had  to  be  lifted,  and  sometimes  to  the 
debilitating  effect  of  the  radiant  heat  pouring  out  through  the 
open  fire-doors  into  the  face  of  the  fireman.  Eaising  the  floor 
level  has  remedied  the  former  trouble,  and  the  latter  has  been 
largely  reduced  by  an  improved  form  of  door,  which  can  be  so 
placed  as  to  keep  the  heat  off  the  fireman,  while  still  admitting  an 
ample  air  supply.  In  other  cases  the  draught  was  insufficient, 
and  hirgo  demands  for  steam  have  necessitated  increased  labor. 
In  still  other  cases  the  firemen  have  not  thoroughly  understood 
the  best  method  of  handling  the  fires,  and  have  not  directed 
their  efforts  to  the  best  advantage.  With  the  latest  form  of 
construction,  y)roper  draught,  intelligent  and  careful  handling  of 
tlie  fires,  there  would  appear  to  be  no  reason  why  the  amount 
of  labor  sliouhl  be  increased.  On  the  contrary,  it  ought  to  be 
decreased,  as  there  is  less  coal  to  be  handled. 

Not  the   least  of  tlie  many  advantages  afforded  by  the  down- 
draught  type  of  boiler  f  urfiace  is  the  fact  that  the  heating  surfaces 
are  exposed  to  practically  constant  temperatures.     There  is  no- 
alternate  heating  and  cooling,  as  is  the  case  with  the  common 

*  See  page  704. 
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settiiior,  wlien  tlie  doors  are  opened  to  admit  fresh  cliarges  of 
fuel.     That  this  type  of  boiler  setting  is  destined  to  wide-spread 
use  is  demonstrated   by  the   fact   that   three   companies   alone 
haye  within  the  last  liye  years  applied  it  to  1,600  boilers,  aggre- 
gating 240,000  horse-power. 

While  the  Hawlej  type  of  down-draught  furnace  is  perhaps  the 
best  known,  others  are  coming  into  use,  which  promise  well, 
although  none  haye,  as  yet,  met  with  yery  wide  adoption.  One 
of  these,  inyented  by  Mr.  Jos.  M.  Thomas,  of  St.  Louis,  is  shown 
in  Figs.  22'S  and  224.  In  essential  characteristics  it  resembles  thfr 
Hawley,  the  i)rincipal  point  of  difference  being  the  substitution, 
of  a  series  of  firebrick  arches  in  place  of  the  water  cerates. 


'J' II  iiiii|ii  urn 


"Jiniiiiiiiii-nr 

wmrr 


PLAN  AT  B 
(Pie.  5.) 


Fig.  224. 


It  possesses  two  important  adyantages  :  first,  the  absence  of ' 
any  connection  with  the  pressure  system  of  the  boiler,  tliu.s 
avoiding  trouble  from  that  source;  and,  second,  the  brick 
arches  act  as  re.seryoirs  of  heat,  and  do  not  cool  the  fires  as  the 
water  grates  do.  It  would  be  reasonable,  therefore,  to  expect 
higher  temperatures,  and  increased  efficiency  and  smokeless- 
liess^  Appeiid(Ml  hereto  are  found  the  results  of  two  tests  made 
by  the  writer  on  }>oilers  set  with  and  without  the  Thomas  fur- 
nace. My  expectations  as  to  smokelossness  and  efficiency  were 
fully  realized.  I  had  expected  some  loss  in  capacity,  duetto  the 
necessarily  lunite.l  percentage  of  air-space  through  the  fire- 
brick grates,  but  in  this  I  was  agreeably  disappointed. 

Ihe  difficulty  with  this  setting  thus  far  has  l)een  the  short 
iile  of  the  grates,  varying  from  thirty  days  to  six  months,  de- 
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pendiiio-  entirely  upon  the  character  of  the  service,  and  the  care 
with  which  the  firing  is  done.  AVhere  the  boilers  are  crowded, 
or  where  the  firemen  are  careless^  the  arches  last  but  a  short 
time.  If  their  durability  could  be  increased  to  an  average  of, 
say,  four  months— which  ought  to  be  possible  with  careful  hand- 
ling, if  the  boilers  are  not  unduly  crowded— the  small  expense 
and  trouble  connected  with  their  renewal  would  be  fully  war- 
ranted by  the  improved  results.  Experiments  are  now  in  prog- 
ress with  a  view  of  securing  a  more  highly  refractory  material 
out  of  which  to  make  the  grates,  and  until  this  is  found,  no 
extended  effort  will  be  made  to  push  the  introduction  of  the 
furnace. 

Another  form  of  down-draught  furnace  has  been  developed  by 
Mr.  J.  A.  Baldwin,  of  Benton  Harbor,  Michigan.  It  is  similar  in 
many  respects  to  the  Hawley,  the  principal  difference  being 
that,  instead  of  admitting  the  air  through  open  doors  above  the 
water  tubes,  it  enters  through  ducts  in  the  masonry  side  walls, 
thus  being  preheated  to  some  extent.  Part  of  this  air  is  dis- 
charged above  the  water  grates,  and  part  below  them.  The 
lower  grates,  instead  of  being  ordinary  bars,  consist  of  perfo- 
rated wrought-iron  plates.  The  preheating  of  the  air  should 
be  an  advantage,  if  it  is  not  accomplished  at  the  expense  of 
some  other  desirable  feature,  such  as  smokelessness,  capacitv, 
or  efficiency. 

Only  a  few  of  these  furnaces  have  been  built,  and  I  have  had 
no  opportunity  of  examining  them  myself,  but  I  am  told  that 
they  are  doing  good  work.  No  accurate  evaporative  tests  have 
been  made. 

Another  form  is  that  invented  by  Mr.  W.  S.  Plummer  of  St. 
Louis.  Mr.  Plummer  has  all  his  grate  surface  on  one  level,  and 
divides  it  lengtliAvise  into  three  parts.  The  two  outer  parts  are 
of  the  ordinary  pattern  of  up-draught  grates,  while  the  central 
portion  consists  of  water  tubes  connected  with  the  circulation  sys- 
tem of  the  boiler.  A  solid  brick  wall  blocks  off  the  rear  of  the 
fireplace,  and  extends  down  to  the  bottom  of  the  ashpit,  exce])t 
immediately  under  the  rear  end  of  the  water  tubes.  There  are 
two  partition  walls  in  the  ashpit,  running  lengthwise,  which 
separate  the  up-draught  from  the  down-draught  portion  of  the 
furnace.  The  firing  is  done  just  as  in  the  ordinary  furnace,  but 
the  only  escape  for  the  gases  is  downward  through  the  central 
water  grates.     The    plan  is  working   satisfactorily  on  a  small 
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scale  in  St.  Louis,  iiud  is  now  being  applied  to  a  large  boiler 
plant,  wluTe  its  operation  will  be  watched  with  interest.  The 
difficulty  would  seem  to  be  .the  necessity  for  great  width  of 
grate  surface,  it  being  necessary  to  get  the  entire  amount  of 
surface  in  one  level,  while,  in  the  Hawley  furnace,  it  is  divided 
over  two  different  planes.  An  increase  can,  of  course,  be  had 
bv  lengthening  the  grates,  but  this  is  not  always  desirable. 

A  somewhat  similar  form  is  that  invented  by  Mr.  E.  M,  Bosley 
of  St.  Louis,  and  applied  in  several  cases  in  connection  with  his 
*'  incandescent  "  internally  fired  boilers.  He  divides  his  fire-box 
into  two  parts,  with  the  dividing  line  at  right  angles  to  the  cen- 
tre of  the  boiler.  The  front  half  consists  of  an  ordinary  up- 
drauirht  izrate.  In  the  rear  of  this  is  a  10-incli  front  water  drum 
or  header,  extending  clear  across  the  furnace,  and  connected  by 
means  of  2-inch  water  grates  to  a  similar  drum  in  the  rear. 
An  ashpit  of  the  usual  form  is  built  under  the  front  grate,  and 
a  closing-off  wall  above  the  rear  drum.  The  fire  is  burned  on 
the  front  grate  in  the  usual  manner,  a  bed  of  fire  being  also  car- 
ried on  the  water  grates.  The  path  of  the  gases  is  up  through 
the  front  grate  in  the  usual  manner,  and  down  through  the  water 
grates  in  the  rear.  A  lower  ashpit  permits  access  from  the 
front  to  the  space  underneath  the  water  grates 

Both  the  Plummer  and  Bosley  forms  of  down-draught  furnaces 
appear  to  utilize  the  heating  surface  of  the  shell  immediately 
overhead  to  better  advantage  than  the  Hawley,  but,  on  the  other 
hand,  neither  of  them  have  the  second  grate  located  where  it 
will  catch  and  consume  the  droppings  from  the  water  grates. 
So  far  as  I  know,  no  exhaustive  investigations  or  tests  of  either 
of  these  types  of  setting  have  been  made. 

There  are  other  types  of  down-draught  furnace,  notably  that  of 
Post  <V  Sawyer  of  Boston,  which  I  believe  has  been  applied 
rmly  in  connection  witli  their  internally  fired  "  Complete  Com- 
bustion" boiler,  and  which  does  not  use  a  lower  grate.  The 
other  fr)riiiH  are,  in  general,  modifications  of  those  described 
hen\  being  few  in  number  and  relatively  unimportant. 

The  system  in  its  best  shape  is  not  perfect.  Much  has  been 
done  during  the  last  few  years  in  improving  details  so  as  to 
increase  tlie  efficiency,  durability,  and  reliability  of  the  appa- 
ratus, but  there  is  room  for  further  improvements.  Even  in  its 
present  condition,  however,  it  is  well  worthy  of  the  careful  study 
of  progressive  engineers  everywhere. 
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INSTRUCTIONS  FOR  THE  OPERATION  AND  CARE  OF  THE  HAWLEY  DOWN- 
DRAUGHT  FURNACE,  TO  SECURE  EFFICIENCY  AND  PREVENT  SMOKE 
WITH    ILLINOIS   COALS. 

PKEPAKED    BY    WILMAM    H.    BRYAN,    CONSULTING    ENGINEEK,    ST.    LOUIS. 

Fire  frequently  and  in  small  quantities.  Break  up  the  lumps 
to  fist  size.  Fire  on  the  upper  grates  only,  carrying  a  bed  of 
uniform  thickness  over  the  entire  grate  surface.  Avoid  thin  or 
bare  spots. 

The  proper  thickness  of  fire-bed  depends  upon  the  intensity 
of  the  draught  and  size  of  the  coal.  Lump  coal  and  good  draught 
require  a  thick  fire,  say  8  to  10  inches,  while  fine  coal  and  poor 
draught  may  render  it  necessary  to  reduce  the  thickness  as  low 
as  4  inches.  Don't  let  the  elevation  of  the  grates  at  the  rear 
deceive  you,  but  be  sure  the  thickness  of  the  fuel-bed  is  the 
same  there  as  at  the  front. 

When  slicing,  be  careful  that  no  green  coal  falls  through  to 
the  lower  grates.  Do  not  let  green  coal  get  to  the  under  side  of 
the  upper  fire  next  to  the  water  grates.  When  slicing  push  the 
bar  l)etween  or  alonoj  the  water  grates,  and  draw  it  back  asjain 
without  disturbing  the  fire.  Lift  the  slice-bar  just  enough  to 
break  the  caked  bed.  Use  the  slice-bar  as  little  as  possible.  Be 
v^ery  careful  not  to  strain  the  tubes  with  the  slice-bar. 

See  that  the  bed  of  coal  on  tJie  upper  grates  does  not  get 
-either  too  thick  or  too  thin.  The  former  will  reduce  the 
•capacity,  and  the  latter  cause  smoke. 

Do  not  close  the  upper  doors  while  fresh  coal  is  on  the  fires. 

Do  not  reduce  the  draught  by  closing  the  dampers,  shutting 
the  fire  doors,  or  otherwise,  except  when  absolutely  necessary. 

Keep  the  lower  grates  well  covered,  but  do  not  let  the  bed  get 
too  thick,  nor  permit  clinker  to  accumulate. 

Keep  the  doors  between  the  upper  and  lower  grates  closed, 
except  when  cleaning  lower  grates,  say  two  or  three  times  a  day. 

Admit  a  small  amount  of  air  under  the  lower  grates,  except 
when  they  are  bare  immediately  after  cleaning. 

When  cleaning  the  upper  grates  see  that  none  of  the  water 
tubes  are  uncovered  or  exposed.  The  quantity  aud  location  of 
clinkers  can  usually  be  determined  by  running  the  slice-bar 
through  the  fire.  They  can  then  be  loosened  and  hooked  out 
Tvithout  seriously  disturbing  the  fire-bed.     It  is  better  to  watch 
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for  L'liiikors  closely,  ;iiul  hook  tlieiii  out  as  fast  Jis  tliey  are^ 
formeil,  rather  thau  to  attempt  a  general  cleaning  of  the  entire 
lire-bed  at  one  time. 

Do  not  clean  the  lower  grates  when  there  is  much  green  coal 
on  the  upper  grates.  Immediately  after  cleaning  slice  the  up])er 
crates  carefully,  so  as  to  ojet  a  coyering  of  liye  coals  for  the  lower 
grates. 

The  asli[)it  should  be  cleaned  as  often  as  is  necessary  to  keep 
it  from  tilling  up  and  obstructing  the  admission  of  air  to  the 
lower  grates.  Never  clean  the  ashpit  while  the  lower  grates  are^ 
bare  or  thinly  covered. 

Clean  as  quickly  as  possible,  so  as  to  avoid  cooling  the  fires. 

When  cleaning  the  boilers  see  that  the  circulating  pipes,  and 
front  and  rear  drums,  to  which  the  water  grates  are  connected, 
are  thoroughly  washed  out  under  pressure.  Those  parts  which 
can  be  examined  should  be  looked  into  at  frequent  intervals^ 
and  those  which  can  be  cleaned  by  mechanical  means  should 
have  frequent  attention.  Where  accessible,  the  water  grates, 
should  be  washed  out  by  inserting  a  hose  into  each  one. 

TABLE  L 

Hksults  of   Evaporattve  Trials, 

Made  at  St.  Louis,  Mo.,  on  Compromise  boilers,  with  Havvley  and  common  fur- 
naces, at  the  \Vm.  J.  Lemp  Brewing  Association,  by  the  Smoke  Commission, 
City  of  St.  Louis,  to  determine  their  efficiencies  and  smoke  records. 

Kind  of  furnace Common.         Hawley. 

N umber  or  other  designation  of  trial 1  2 

Date July  11,  1898     July  11,  189:^ 

I  )n  ration hours 

Number  of  boib-rs  in  operation 

Stale  of  the  w^atlier 

DimeiiftiitUH  tind  Proportion n.  —  Kind  of  boiler 

Oimerisions  of  shell,  diameier  and  leiii^th 

Number  and  diameter  of  tubes 

'irate  Murfac«- area  square  feet 

Water  hfutiiji,'  surface square  feet 

Superheating  surface square  feet 

Ratio  of  grate  surface   to  water  heating  sur- 
face...  1  to  32.4  :56.92 

Mean  opening  of  damper  (percentHge  of  full 

Of»pning) 100 

Chimney  dimenr«ions,  lieight  and  diameter l(M)x48  143  x4H 

*  Up|ier  'fiviy\('  only. 


10 

8 

o 

ear. 

Clear.. 

Hor.  Het.  Fl 

ue. 

60"  X  24' 

18-6' 

58 

*.V2.7.> 

1879 

1948 

None. 

THE    DOWX-DEAUGHT    FUK:NACE   FOR   STEAM   BOILERS. 


791 


Average  Pressures. — Atmosphere,  as  per  barome- 
ter  inches 

Steam  in  boiler,  by  gauge lbs. 

"  "         absolute lbs. 

Draught  suction inches  of  water 

Average  Temperatures. — Of  external  air,  deg.Fahr. 

Of  boiler  room deg.  Fahr. 

Of  escaping  gases  enteriug  chimn'y,  deg.  Fahr. 

Of  feed-water  entering  boiler deg.  Fahr. 

Of  steam  in  boiler deg,  Fahr. 

Fuel. — Kind  of  coal 

Size  of  coal 

Cost  per  ton  of  2,000  lbs. ,  delivered 

Calorific  power  by  calorimeter,  B.T.U.  per  lb. 

Theoretical  evaporative  power,  from  and  at 
212  deg.  Fahr.,  in  lbs,  water  per  lb.  coal,  . . 

Total  quantity  consumed lbs. 

Total  ash,  clinkers,  and  unbarned  coal.  ...lbs. 

Proportion  of  ash,  etc.,  to  coal per  cent. 

Unburned  coal  in  ash.  ...    lbs. 

True  asli lbs. 

Total  combustible  burned lbs. 

Mean  thickness  of  fire inches 

Comhustio)!  per  Hour.— Co&]  act'y  consumed.,  .lbs. 

Combustible  actually  consumed lbs. 

Per  square  foot  grate  surface,  coal lbs. 

comb'ble.  .lbs. 

Per  square  foot  heating  surface,  coal lbs. 

'•  "  "  comb'ble.  .lbs. 

Calorimeiric    Tests. — Quality    of    the    steam    (dry 

steam  =1) 

Am't  of  water  entrained  in  the  steam,  per  cent. 
Amount  of  supeiheating deg.  Fahr. 

Water. — Amount  apparently  evaporated   lbs. 

Amount    actually   evaporated    (corrected    for 

entrainment) lbs. 

Factor  of  evaporation 

Equivalent  evaporation   into  dry  steam    from 

aud  at  212  deg.  Fahr lbs. 

Economic  Etaporatiori. — Per  pound  of  coal  : 

Water  actually  evaporated  (corrected  for   en- 
trainment)  lbs. 

Equivalent  from  and  at  212  deg,  Fahr lbs. 

Per  pound    of   combustible. — Water   actually 

evaporated  (coriected  for  entrainment)..  .lbs. 

Equivalent  from  and  at  212  deg.  Fahr.  . . .  .lbs. 

EvapoTdtion  per  Hour. 

Water  actually  evaporated   (corr»-cied   for   en- 
trainment)    lbs. 


30,05 

30.05 

97.85 

99.53 

112.55 

114.23 

.66 

.80 

89.3 

89.3 

96.5 

96.5 

542.5 

540 

167,4 

162.96 

336. 

337.3a 

Gillespie. 

Small  Lump. 

$1.75 

9,722.4 

9,976.2 

10.07 

10.33 

24,000 

17,200 

3,204 

2,46^ 

13,35 

14,3t 

1,008.3 

615 

2,195.7 

1,847 

20,796 

14,738 

6 

9  to  10 

2,400 

2,150 

2,079.6 

1,842,25 

41.38 

40,76 

35.85 

34.92 

1.277 

1.10 

1.11 

.95 

Drv. 

None. 

Xone. 

125,982 

111.613 

125,982 

111,613 

1.086 

1.091 

136,816.45        121,769.78 


5.249 

6.481) 

5.700 

7.079- 

6.058 

7.57 

6.560 

8.262- 

12,598.2 


13,951. fv 
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E«iuivtilent  from  and  at  '2V2  (leg.  Fahr. ..    .lbs. 

Per  square  font  lieatin^  surface. — Water  ac- 
tually evap"d  (Corrected  for  eutraiument)  lbs. 

Equivalent  from  and  at  212  deg.  Falir ]h^. 

Per  square  foot  grate  surface.  —  Water  actu- 
ally evaporated  (corrected).    lbs. 

Kquivaleut  from  aud  at  212  deg.  Fabr lbs. 

Efficit/ici/. 

Perceutage  of  total  calorific  power  utilized,  or 
efficiency per  cent. 

JJorsi -Power. 

Actually  developed  on  basis  of  34^  lbs.  water 
evaporated  per  hour  from  and  at  212  deg, 
Fahr horse-power 

Commercial  rating horse-power 

Proportion  capacity  developed  is  of  commer- 
cial rating per  cent. 

Heating  surface  required  to  develop  1  horse- 
power  square  feet 

Smoke  Record. 

Mean  smoke  production on  a  scale  of  100 

Keduct.of  smoke  by  f  urn. being  tested,  percent. 

Analyses  {Average).— Qob^.  : 

Moisture 

Volatile  matter 

Fixed  carbon 

Sulphur  

Ash 

Refuse  (ash,  clinkers,  unburned  coal,  etc.)  : 

Moisture  

Volatile  matter 

Fixed  carbon 

Ash 

<jases  : 

Hydro-carbons 

<'arlx)nic  oxide 

<  ■arl>onic  acid 

<>xygen 

Nitrogen  (by  difE. ) 


13,681.6 


15,221.2 


6.705 

7.162 

7.281 

7.814 

217.21 

264.48 

235.89 

288.55 

56.60 


68.53 


396.57 

441.19 

188 

207 

210.9 

213.1 

4.74 

4.41 

74.16 

3.19 

95.67 

8.60 

8.84 

^  29.506 

29.858 

50.304 

48.452 

1.360 

1.58 

10.23 

11.27 

Red.  to  dry 

Weight. 

1.91 

1. 

29.56 

23.98 

68.53 

75.02 

None 

None. 

.43 

.14 

5.41 

7.61 

9.77 

9.52 

84.39 

82.73 

TABLE.  II. 

Rksults  of  Evapokative  Trfat-s, 

Made  at  St.  Louis.  Mo.,  on  Ilorizotital  Flue  Boilers,  with  and  without  the 
Thomas  Smokeless  Furrace,  at  C'hriHty  Fire  Clay  Works,  for  Thomas  Fur- 
nace C'omjiany,  to  determine  their  capacity  and  efficiency. 

Kind  of  furnace , Common,         Thomas. 

Number  or  other  designation  of  test 1  ^ 

DAte 1895.  Feb.  11  Feb.  12 
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Duration hours 

Number  of  boilers  in  operation 

State  of  the  weather  

Dimensions  and  Proportions. — Kind  of  boiler 

Dimensions  of  shell,  diameter  and  length 

Number  and  diameter  of  tubes 

Grate  surface,  9.67'  wide,  4'  long.  Area  square  feet 

Water  heating  surface square  feet 

Superheating  t^iirface square  feet 

Percentage  of  air  space  in  grate per  cent. 

Ratio  of  grate  surface  to  water  h'ting  surf  ace..  1  to 
Mean  opening  of  damper  (percentage  of  full  open- 
ing)  

Chimney  dimensions,  height  and  diameter 

Average    Pressures. — Atmosphere,    as     per     barome- 
ter  inches 

Steam  in  boiler,  by  gauge lbs. 

"  **         absolute lbs. 

Draught  suction inches  of  water 

Average  Temperatures. — Of  external  air. . .  .deg.  Fahr. 

Of  boiler  room deg.  Fahr. 

Of  escaping  gases  entering  chimney.  .  .deg.  Fahr. 

Of  feed-water  entering  boiler deg.  Fahr. 

Of  steam  in  boiler deg.  Fahr. 

Fuel. — Kind  of  coal 

Size  of  coal 

Cost  per  ton  of  2,000  lbs.,  delivered 

Calorific  power  by  calorimeter.  .  .  ,B.  T.  U.  per  lb. 
Theoretical   evaporative  power,    from  and   at  212 

deg.  Fahr.,  in  lbs.  water  per  lb.  coal 

Total  quiinrity  consumed. lbs. 

Total  a-h,  clinkers,  and  unburned  coal lbs. 

Proportion  of  ash,  etc.,  to  coal per  cent. 

True  ash lbs. 

Total  combustible  burned lbs. 

Mean  thickness  of  fire inches 

Combustion  per  Hour. — Coal  actually  consumed lbs. 

Combustible  actually  consumed lbs. 

Per  square  foot  grate  surface,  coal lbs. 

"  *  "  "  combustible. ..  .lbs. 
Per  square  foot  heating  surface,  coal.    .  .    lbs. 

"  "  "  combustible.  ..lbs. 

Calorimetric  Tests. — Quality  of  the  steam  (dry  steam  =  1) 
Amount  of  water  entrained  in  the  steam,  .per  cent. 
Amount  of  superheating deg.  Fahr. 

Water. — Amount  apparently  evaporated lbs. 

Amount  actually  evaporated  (corrected  for  entrain- 

ment) lbs. 

51 


9 

9 

3 

2 

Fair. 

Snowing. 

Hor.  Flue. 

48"  X  20' 

46  "  X  20' 

4x11' 

4  X  10" 

38.67 

795 

659 

None. 

45 

31.68 

20.56 

17.05 

100 

60'  X  30' 

•  29.681 

29.476 

77.65 

74.40 

92.35 

89.10 

.3733 

.4097 

23.25 

21.60 

45.22 

62.51 

About  900 

618.24 

51.86 

51.89 

322 

319 

Mou 

nt  Olive. 

Lump. 

$1,375 

11,100 

11.49 

10,375 

8,000 

1,540 

1,036 

14.84 

12.95 

1,048 

808 

8,835 

6,964 

6 

8 

1,152.8 

888.88 

981.7 

773.77 

29.81 

22.99 

25.39 

20  01 

1.45 

1.35 

1.235 

1.185 

Dry. 

None. 

None. 

46,350 

43,739 

46,350 


43,739 


1.2014 

1.2012 

55,685 

52,539 

4.47 

5.47 

5.37 

6.57 

5.35 

6.28 

6.30 

7.54 
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Factor  of  ev;i]»()nii'u>n 

Kquivalent  ♦evaporation  into  dry  steam  from  and  at 
•J12  deg.  Fahr lbs. 

Economic  Krapomtion. — Per  pound  of  coal  : 

\\  ater  actually  evaporated  (corrected  for  entrain- 
lueni) lbs. 

Equivalent  from  and  at  212  deg.  Falir lbs. 

IVr  pound  of  combustible. — Water  actually  evap- 
orated (corrected  for  entrainment) lbs. 

Equivalent  from  and  at  212  deg.  Fahr lbs. 

Evaporation  per  Hour. 

Water  actually  evaporated  (corrected  for  entrain- 
ment)  lbs.  5,150  4,860 

Equivalent  from  and  at  212  deg.  Fahr lbs.  6,187.2  5,837.7 

Per  square  foot  hnating  surface. — Water  actually 

evaporated  (corrected  for  entrainment) lbs.  6.48  7.37 

Equivalent  from  and  at  212  deg.  Fahr lbs.  7.78  8.86 

Per  square   foot   grate   surface. — Water  actually 

evai'orated  (corrected)   lbs.  133.18  125.67 

Equivalent  from  and  at  212  deg.  Fahr lbs.  160.  150.96 

£ffieiinry. 

Percentage  of  total  calorific  power  utilized,  or  effi- 
ciency  percent.  46.71                 57.5 

Water  evaporated  for  $1  worth  of  fuel lbs.  6,504               7,959 

Cosi  of  evaporatiiii,^  1,000  lbs.  of  water cents  15.88               12.56 

Coal  coiisuined  per  horse-power  per  hour lbs.  6.43                  5.25 

Increase  of  etficiency  made  by  tlie  Thomas  furnace  22.4 

JIoTite-Poiter. 

Actually  developed  on  basis  of  ?A^  lbs.  water 
evaporated  per  hour  from  and  at  212  deg. 
Fahr horse-power 

Commercial  rating,  at  7^  square  feet  heating  sur- 
face  horse-power 

Prr)pcjrtion  capacity  developed  is  of  commercial 
rating per  cent. 

Heating  surface  required  to  develop  1  horse- 
[>ov/c.T square  feet 

Atinlynen  (Averufje). — Coal  : 

.Mol.-^ture 

Volatile  matter 

FixM  rarlxm 

Sulphur   

An), 

100. 

Siuce  forwarrling  tin;  papcjr  for  publication,  in  advance  of  the 
Conv«ntioii,  I  have  completed  two  series  of  boiler  trials  on  Heine 
J>oilerK,  of  375  horse-power  each,  in  the  plant  of  the  Edison  llhimi- 


179.34 

169.18 

106 

87.85 

169.19 

192.56 

4.43 

3.89 

12.04 

32.95  • 

41.63 

3.28 

10.10 
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-uatiug  Compauy,  St.  Louis,  and   the   following  is  an   abstract  of 
the  results : 

Kind  of  furnace Common  Hawley              Hawley 

l^ate   April  16,  1895     May  IT,,  189o     May  21,  1895 

Duration hours  10  10  8 

<  oal,  kind Hurricane  Mt.  Olive. 

Heat  Value.  B.  T.  U per  pound  11,481  11.455  10,771 

Theoretical    evaporative  power  per 

pound  from  and  at  212" 11.89  11.80  11.15 

<l'oal  per  square  foot  grate  surface, 

per  liour 32.44  23.92  28.75 

Water  per  square  foot    of   heating 

surface  from  and  at  212 5.40  3.77  4.16 

Water  per   square   foot   ])er    ])<)und 

coal  from  and  at  212  8.335  8.96  8.22 

Efficiency per  cent.  70.114  75.54  73.69 

Draught inches  .745  .375  .60 

It  will  lie  noticed  that  the  drauglit  is  much  less  in  the  Hawley 
trials,  due  to  the  boiler  being  located  further  from  the  chimney. 
Better  draught  would  probably  have  improved  the  efficiency. 
Nevertheless,  there  is  an  increase  of  about  8  per  cent.  The  drop 
in  efficiency,  due  to  inferior  coal,  is  well  shown  in  the  last  column. 
These  results  are  the  best  that  have  thus  far  been  secured  with 
similar  coal,  so  far  as  I  am  aware. 

DISCUSSION. 

J//'.  Alexander  Doic. — In  the  public  lighting  plant  of  Detroit 
there  may  be  seen  seven  double-deck  shell  boilers,  each  of  3,000 
square  feet  heating  surface,  with  |-inch  shells,  adapted  for  160 
pounds  steam  pressure,  which  have  been  fitted  with  the  Hawley 
-down-draught  furnace,  and  further,  with  a  firebrick  arch  and  com- 
bustion chamber  immediately  behiud  the  furnace.  The  arch  pro- 
tects the  shell  of  the  boiler  from  the  direct  action  of  the  flame, 
and  at  the  same  time  maintains  the  temperature  necessary  for  the 
complete  combustion  of  the  fuel.  The  boilers  have  internal  dia- 
phragms. controlUng  their  circulation,  and  the  uptake  of  the 
Hawley  furnace  is  carried  to  the  upper  drum.  The  whole  design 
is  due  to  Mr.  C.  C.  Peck,  of  Rochester,  N.  Y.  Four  of  these 
boilers  have  been  in  service.  The  normal  work  of  the  plant  re- 
quires, at  present,  that  one  boiler  be  worked  nearly  to  its  capacity 
during  the  hours  of  street  lighting,  and  the  other  boiler  of  the 
pair  is  kept  in  reserve,  with  a  banked  fire  and  low  steam  pressure. 
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At  the  present  season  of  the  year,  during  about  eight  hours 
the  triple-expansion  engines  of  the  plant  are  in  service,  and  the 
boiler  is  worked  at  160  pounds.  During  the  remainder  of  the 
twentj-four  hours  there  is  a  very  light  load,  and  the  pressure  is 
allowed  to  run  down  to  approximately  90  pounds. 

(^ur  experience  with  our  Hawley  furnaces  dates  from  February 
1,  when  they  were  put  in  service  for  heating,  and  to  furnish 
steam  for  jn-eliminary  work.  The  actual  service  of  the  plant  dates 
from  April  1,  but  only  a  small  portion  of  its  capacity  is  as  yet 
in  use.  Tests  have  been  made  on  the  boilers  and  furnaces  to 
ascertain  that  they  met  the  contractor's  guarantees,  but  these  were 
of  a  limited  character  only,  and  are  not  suitable  for  publication. 
Our  experience,  however,  has  been  varied  intentionally  ;  we  having 
tried  every  manner  of  firing  known  to  us,  and  all  kinds  of  soft  coal, 
from  Pocahontas  lump  down  to  a  mixture  of  slack  and  dust  to 
which  the  seller  would  not  attach  a  name.  We  have  learned 
definilel}'  that  the  furnaces  will  consume  any  fuel  which  can  reason-^ 
ably  be  termed  coal,  with  economy,  and  without  noticeable  smoke. 
Further,  that  the  grates  will  burn  from  three  to  four  times  the  coal 
per  .sc|uare  foot  of  surface  that  can  be  burned  on  plain  grates,  with 
the  same  draught  and  final  temperature  of  gases  ;  in  other  words, 
that  the  furnaces  will  stand  severe  forcing.  We  are  still  experi- 
menting, with  a  view  to  finding  the  most  economical  grade  of  fuel,. 
and  while  our  data  have  not  been  finally  correlated,  they  appear 
to  indicate  that  the  most  steam  per  dollar  can  be  made  with  a 
fairly  good  quality  of  coal.  The  temptation  to  burn  a  poor  qual- 
ity of  slack,  at  a  low  price,  in  such  furnaces,  is  very  great,  but  our 
data,  which  include  all  freights  and  handling,  would  indicate 
that  economy  lies  with  the  higher  grades. 

Mr.  A.  F.  Na.fjle. — I  am  glad  to  see  this  contribution  of 
engineering  facts  from  actual  practice. 

I  wish  to  call  attention  to  the  low  efficiencies  obtained  in  these 
trials.  In  the  first  case,  with  the  common  setting,  only  56.6  per 
cent,  was  realized,  and  with  the  Hawley  furnace  only  68  53  per 
cent.  Tlie  escaping  gases  were  precisely  the  same  with  each  fur- 
nace, namely,  540  degrees.  The  rate  of  combustion  was  practi- 
cally the  ftame.  If  the  Hawley  furnace  produced  a  more  perfect 
coinbuHtion,  thus  increasing  the  efficiency  of  the  boilers,  why 
shoald  not  the  escaping  gases  have  been  of  a  higher  temperature? 
Would  not  that  be  a  natural  inference?  However,  I  do  not  place 
to<j  great  confidence  in  the  accuracy  of  p3rrometric  measurements. 
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But,  approximately,  they  are  probably  correct,  and  while  the 
temperature  is  high  (540  degrees),  this  high  temperature  of  itself 
does  not  account  for  the  low  efficiencies  obtained.  The  fi!»ures 
given  by  the  author  are  in  agreement  with  my  own  experience 
and  observation,  and  I  believe  there  is  yet  to  be  made  a  great 
im])rovement  in  burning  our  western  cheap  soft  coals. 

The  Hawlej^  furnace  is,  no  doubt,  a  step  in  the  right  direction, 
but  I  believe  we  should  attain  an  efficiency  of  80  per  ceut.  with 
the  best  type  of  boiler. 

The  boilers  in  this  case  were  not  of  a  type  likely  to  give  the 
most  economic  results,  but  owing  to  the  character  of  the  water  at 
St.  Louis  they  are  a  preferred  type  for  that  locality. 

Can  the  author  give  us  any  data  of  the  Hawley  furnace  applied 
to  other  types  of  boilers  in  the  city  of  St.  Louis  where  better 
efficiencies  were  obtained  ?  Or,  to  put  it  broadly,  what  is  the 
highest  known  efficiency  of  any  furnace  with  any  type  of  boiler 
using  western  cheap  soft  coals  ? 

The  indications  are  that  these  cheap  soft  coals  must  be  burned 
at  a  much  higher  temperature  than  anthracite  coal.  ■  It  is  possible 
that  a  forced  draught  may  yet  become  a  necessary  adjunct  to 
furnaces  burning  this  class  of  fuel,  and  then  with  it  wdll  come  the 
difficulty  of  procuring  durable  grates. 

2Ir.  William  Kent. — The  last  remarks  in  the  discussion  of 
this  paper  of  Mr.  Bryan's  touch  a  most  important  fact — the  low 
efficiency  of  the  coals  in  the  West;  and  the  data  given  by  the 
paper,  together  with  those  in  the  concluding  addendum,  give  us  a 
clew  to  that  low  efficiency.  It  is  that  there  is  not  enough  heating 
surface  provided  in  the  boilers.  In  the  case  iu  the  addendum  the 
highest  efficiency  is  got  with  the  least  rate  of  water  evaporated 
per  square  foot  of  heating  surface,  and  the  worst  efficiency  is 
given  with  the  most  rapid  rate  of  evaporation.  In  some  of  the 
cases  in  the  paper  it  would  indicate  that  if  the  owner  of  the 
boilers  would  put  in  twice  as  much  heating  surface,  or  twice  as 
many  boilers  as  he  has  got,  he  would  make  from  10  to  20  per 
cent.  sa\ing.  And  that  is  the  trouble  with  the  whole  boiler 
engineering  of  the  West ;  they  put  in  too  few  boilers  for  the  work, 
and  they  are  driving  the  boiler  to  8  or  9  pounds  of  water  evapo- 
rated per  square  foot  of  heating  surface,  when  they  ought  to  get 
it  down  to  about  4  pounds. 

In  regard  to  the  question  asked  in  the  discussion  just  read,  why 
a  boiler  that  gave  only  540  degrees  temperature  in  the  chimney 
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shouKl  give  such  low  efficiency,  it  may  be  said  that  low  tempera- 
lure  in  the  chininev  is  ot'len  produced  by  too  much  air  j^assing 
over  tluough  the  grates,  or  through  leaks  in  the  wall,  and  low 
temperature  in  the  chimney  is  not  always  an  indication  of  good 
economv.  Good  economy  cannot  be  obtained  without  low  tem- 
perature in  the  chimney.  But  low  temperature  may  be  obtained 
bv  two  causes — one,  by  proper  absorption  of  the  heat  by  the  heat- 
ing surfaces  of  the  boiler,  and  the  other  by  leaks  of  air  through 
the  brickwork,  and  it  is  for  the  engineer  to  find  out  in  each  case 
which  is  the  cause  of  the  low  temperature. 

Prof.  U.  C.  (\(i'penie}'. — I  think  part  of  the  difference  in  the 
economy  of  these  two  ])lants  can  be  ascertained  by  examining  the 
results  of  the  flue  gas  analysis.  It  will  be  seen  that  in  the  case 
of  the  common  boiler  there  was  but  a  trifle  over  5^  per  cent,  of 
CO..,  whereas  in  the  Hawley  furnace  it  was  1{\^  per  cent.  It  is 
c»uisidered  that  about  8  per  cent,  represents  good  firing,  and  any- 
thing else  represents  rather  poor  firing,  so  I  think  in  this  case 
that  the  character  of  the  firing  is  better  in  the  case  of  thellawley 
furnace  than  in  the  other.  There  was  more  air  admitted  per 
])<)iind  of  coal  consumed  for  the  common  furnace  than  in  the  case 
of  the  Huwley.  That  is  sufficient,  I  think,  to  account  for  all  the 
difference  in  the  results.  I  do  not  believe  but  that  the  common 
furnace,  with  erpially  good  management,  would  have  done  as  well. 
The  tests  sliow  it  was  not  so  well  managed.  I  commend  Mr.  Bryan's 
form  for  reporting  a  boiler  test  as  an  excellent  one. 

Ml .  Krnl. — I  ask  Mr.  Bryan  to  tell  us  how  the  analyses  were 
made  which  show  no  hydrocarbon  in  the  gases.  If  the  gases 
were  collected  over  mercury,  and  care  taken,  they  would  have 
found  some  hydrocarVjon. 

Mr.  lirijan. — That  work  was  done  by  assistants  from  Professor 
Potter's  laboratory.     I  trusted  that  entirely  to  his  hands. 

Mr.  Krnt. — Were  the  gases  collected  over  the  water? 

Mr.  liri/fin, — Yes.  As  to  the  highest  efficiency  obtainable,  I 
think  m}'  addition  tf)  the  {)aper  would  perhaps  answer  the  ques- 
tion. I  personally  know  of  no  records  better  than  75.54  with  our 
8t.  Louis  coals.  I  have  collected  the  results  of  a  large  number  of 
trials  from  ordinary  boilers,  and  the  average  efficiency  is  ol.83 
percent.  The  highest  result  which  I  have  ever  obtained  on  an 
ordinary  boiler  with  the  ordinary  setting  is  00.17  per  cent.,  and 
tliat,  queerly  enough,  was  with  slack  coal  ;  but  I  think  it  was 
largely  due  to  extremely  skilful  firing.     Of  course,  I  attribute  a 
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<cousiderable  part  of  the  high  efficiency  shown  in  the  first  two 
trials  on  the  board  to  the  exceUence  of  the  fuel.  We  have  found 
-that  the  better  the  coal  the  better  the  efficiency.  As  to  the  rate 
of  evaporation  per  square  foot  heating  surface,  and  the  rate  of  coal 
burned  per  square  foot  grate  area,  queerly  enough,  we  have  found 
our  best  efficiencies  at  these  high  rates.  But  it  simply  proves, 
to  my  mind,  that  we  have  the  rate  per  square  foot  of  grate  about 
right.  Certainly,  if  we  put  in  more  heating  surface,  leaving  the 
grate  as  it  was,  our  efficiency  should  improve  ;  but  the  same  result 
can  be  secured  by  cutting  down  the  grate  surface,  and  this  is 
preferable,  as  our  capacity  is  already  ample. 

Mr.  E.  D.  Meier. — I  would  like  to  answer  Mr.  Kent  in  regard 
to  the  greater  amount  of  heating  surface.  In  that  first  trial,  where 
we  ran  with  a  plain  grate,  we  made  some  preliminary  tests,  run- 
ning at  a  lower  rate  of  combustion,  and  consequently  at  a  lower 
performance  per  square  foot  of  heating  surface,  with  a  decided 
loss  in  efficiency.  And  we  found  that  a  performance  of  5.4  pounds 
per  square  foot  heating  surface  represented  for  that  particular  case 
the  most  economical  point.  We  afterwards  ran  another  test — I 
•don't  know  whether  Mr.  Bryan  has  the  data  here — where  we  got 
8J  pounds  from  and  at  212  degrees  Fahr.  per  pound  of  coal  from 
practically  the  same  coal,  running  at  just  about  the  same  rate — 
^vas  it  a  little  less  or  a  little  higher  ? 

Mr.  Bryan. — Very  nearly  the  same — slightly  higher. 

Mr.  Meier. — Then  we  have  another  test  made  with  the  Hawley 
iurnace  on  a  boiler  of  the  same  size.  I  do  not  think  either  of  us  has 
the  data  here.  Professor  Potter  ran  that  test.  We  ran  the  boiler 
first  about  20  per  cent,  above  its  rated  capacity,  and  then  ran  it 
at  40,  and  the  efficiency  at  40  per  cent,  above  was  decidedly  better. 
I  believe  that  the  whole  question  of  the  amount  of  heating  surface 
is  misunderstood.  It  depends  upon  a  great  many  other  circum- 
stances what  the  proper  amount  of  heating  surface  for  a  given  set 
•of  conditions  will  be  ;  and  I  believe  the  true  solution  will  be  found 
possibh"  in  adding  more  heating  surface,  but  not  adding  it  in  the 
boiler.  I  believe  that  we  should  let  the  gases  escape  from  the 
boiler  at  a  higher  temperature  than  has  been  considered  the  best 
for  economy,  and  then  put  those  gases  through  some  form  of 
economizer. 

Mr.  F.  TF.  Taylor. — May  I  inquire  whether  they  have  ever,  on 
those  same  boilers,  let  the  heating  surface  remain  as  it  is — which 
is,  of  course,  a  fixed   constant — and  diminished  the  grate  area? 
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With  that  combination  yon  get  a  very  liigli  rate  of  combustion 
with  vour  present  heating  surface,  which  comes  to  the  same  thing 
of  wliich  Mr.  Kent  speaks.  A  diminished  grate,  with  a  high  rate 
of  combustion  on  the  grate,  and  the  present  heating  surface,  it 
seems  to  me  would  give  us  a  higher  efficiency  tban  yet  attained, 
if  Mr.  Kent  is  right,  and  I  think  he  is. 

Mr.  Mt'tti'. — We  have  experimented  with  that,  but  there  is  one 
))i-actical  difficulty  in  the  way  of  it,  and  that  is  that  in  most  plants 
with  which  we  have  to  deal  they  have  occasional  demands  for 
forcing,  and  if  we  were  to  lind  the  point  where  the  grate  itself 
was  forced  to  its  highest  capacity,  and  fix  its  area  by  that,  then,  in 
spite  of  the  larger  heating  surface  of  the  boiler,  we  would  not 
have  grate  enough  for  forcing  the  boiler  afterwards.  That  is  one 
difficulty.  Another  is  that  you  have  to  have  a  certain  proportion 
between  the  clear  calorimeter  area  around  the  tubes  and  the 
amoimt  of  fuel  burned,  and,  consequently,  the  quantity  of  the  gases 
that  passes  through  this  area.  Another  illustration  is  found 
right  in  the  experience  of  this  same  company  ;  they  have  another 
plant  where  they  have  a  different  style  of  water-tube  boilers,  from 
which  they  have  never  been  able  to  get  more  than  7.6  pounds^ 
whereas  we  got  8.33  there,  although  the  other  boilers  evaporated 
jjerhaps  only  60  per  cent,  as  much  per  square  foot  of  heating 
surface. 

Mr.  JoJui  A.  Laird. — With  reference  to  Mr.  Kent's  criticism  of 
our  western  boiler  practice,  I  would  like  to  give  the  Society  a  little 
of  our  experience  in  the  St.  Louis  Water  Department,  with  east- 
em  b(>iler-makers  and  experts.  Some  two  years  ago  bids  were 
iipened  for  six  300-horse-power  boilers.  A  bonus  of  $1,500 
was  oflfered  for  each  per  cent,  the  efficiency  went  above  65  per 
cent,  using  Illinois  coal ;  also  an  equal  forfeiture  for  efficiency 
below  G."i  per  cent.  One  of  the  eastern  boiler-makers  came  in 
and  made  a  very  Ipw  bid,  basing  it  on  the  anticipated  bonus.  In 
order  to  get  high  efficiency  he  jmt  a  very  large  amount  of  heating 
Hurface  in  his  boiler,  something  over  3,500  square  feet  for  the 
300-liorse-power  boiler  ;  also  large  grate  area.  The  official  test 
showed  61  per  cent,  efficiency,  and  that  test  was  conducted  by 
one  of  tlie  leading  experts  from  the  East,  with  the  result  that  the 
eastern  boiler-njuker's  final  estimate  was^  >>6,000  less  than  his 
bid. 

Mr.  halt. — I  hope  that  ray  remarks  will  not  be  misunderstood" 
AM  saying  that  i)lenty  of  heating  surface  is  a  panacea  for  all  the 
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ills  of  boilers.  Xotwitlistanding  what  the  geDtleman  said  with 
regard  to  gettiog  a  very  low  eflficiency  out  of  a  boiler  with  a  very 
large  amount  of  heatiog  surface,  I  want  to  insist  on  the  fact  that 
when  you  have  in  the  result  of  a  boiler  test  a  very  high  tempera- 
ture in  the  chimney,  and  a  very  high  rate  of  evaporation  per 
square  foot  of  heating  surface,  you  will  liave  low  efficiency,  and 
the  necessary  remedy  for  that  state  of  things  is  to  increase  the 
amount  of  boilers  j^ou  have  ;  not  necessarily  put  in  some  other 
type  of  boiler,  but  add  to  your  boiler  plant,  so  as  to  get  rid  of  the 
forcing  ;  and  I  entirely  agree  wdth  Mi\  Meier  that  probably  the 
best  place  to  put  in  the  heating  surface  is  beyond  the  boiler,  in  an 
economizer,  and  not  in  the  boiler  itself,  because  you  have  the 
co!idition  of  lower  temperature  in  the  water  in  the  economizer 
which  would  enable  the  economizer  to  absorb  the  heat  better  than 
the  boiler.  But  it  cannot  be  too  strongly  insisted  on  in  the 
West  that  there  has  been  bad  engineering  in  the  last  fifty  years, 
in  being  too  stingy  in  the  amount  of  boilers  put  in. 

J//'.  J/.  L.  Jlolnian. — It  is  evident  that  there  is  one  practical 
question  with  which  Mr.  Kent  is  not  familiar,  in  the  handling  of 
our  coals.  AVe,  of  course,  did  not  make  our  coal,  but  at  the  same 
time  we  must  use  it.  Now,  the  thing  which  most  affects  the  effi- 
ciency when  it  comes  to  a  duty  test  is  the  cleaning  of  the  fire.  The 
lioiler  will  show  a  good  efficiency  on  a  short-time  test,  and  the 
eastern  expert,  the  first  time  that  he  works  with  that  coal,  will 
discover  that  after  he  has  run  about  four  hours  he  has  little  or  no 
file  left.  He  then  starts  in  to  clean  fires,  and  loses  the  steam 
pressure,  and  the  test  stops.  Now,  the  thing  which  operates^ 
against  the  high  efficiencies  w^hen  you  come  to  get  the  final 
result  is  the  amount  of  coal  which  has  to  go  into  the  furnace  when 
you  are  cleaning,  and  we  have  in  regular  w^ork  to  clean  about 
once  in  every  four  hours.  That  is  the  practical  point  which  most 
affects  the  man  who  guarantees  the  boiler. 

J//'.  Kent. — Air.  Holman  probably  assumes  that  I  speak  as  an 
eastern  expert.  In  the  works  of  Mr.  Bauer,  at  Springfield,  Ohio, 
I  tested  some  coal  shipped  from  Illinois.  I  tested  first  in  Illinois, 
and  found  the  w^orst  record  I  ever  obtained.  I  burned  that  coal 
very  slowh',  and  in  order  to  ])rove  that  the  bad  result  was  not  due 
to  the  boiler.  I  shipped  a  carload  of  that  coal  to  a  boiler  that  had 
n  record,  at  Mr.  Bauer's  works  in  Springfield,  Ohio,  and  inside 
of  an  hour  after  we  changed  from  firing  the  Hocking  Yalley  coal 
■  to  this  Illinois  coal,  they  could  not  run  the  engine,  and  we  had. 
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the  same  experience  exactly  that  we  had  in  Illinois.  So  that  I 
appreciate  the  difficulties  that  people  have  in  burning  Illinois 
coal,  auil  not  the  least  of  them  is  the  bad  way  that  the  ash 
behaves,  in  melting,  when  the  temperature  is  very  high,  and 
olot^t^in*^  up  the  grates.  I  reported  about  that  coal  over  ten  years 
i\(ro  to  the  Society.  You  will  find  an  account  of  it  in  my  pai)er, 
in  Volume  lY.  of  the  Tninsactlons. 

Mr.  Mr'n  r. — I  want  to  correct  Mr.  Kent  in  regard  to  the  addi- 
tional grate  area.  I  made  some  experiments  on  that  a  great  many 
years  ago.  I  tried  to  burn  Illinois  coal  at  the  rate  of  12^  ])ounds 
to  the  scpiare  foot,  and  the  fire  went  out.  Now,  we  have  never  got 
any  good  records  for  efficiency  from  Illinois  coal  with  any  kind 
of  a  boiler  when  we  were  burning  less  than  22  to  25  pounds  per 
square  foot  of  i»rate. 

Mr.  Kruf. — It  was  not  a  question  of  getting  an  efficiency,  it  was 
a  question  of  getting  the  boiler  to  run  at  all.  The  best  record  I 
got  out  of  the  coal  was  about  five  pounds  of  water  per  pound  of 
coal,  and  it  was  necessary  to  have  a  large  grate  in  order  to  get 
even  thai  efficiencv.  I  do  not  claim  but  that  if  we  could  have  re- 
moved  the  ash  somehow  or  other  then  we  might  have  burned  the 
coal  45  pounds  to  the  square  foot  of  grate,  but  it  was  necessar}^ 
to  got  it  down  to  about  12  pounds  in  order  to  get  it  to  run  at  all. 

Mr.  Luirtl. — I  would  like  to  ask  if  the  fireman  who  handled  this 
coal  had  ever  used  Illinois  coal  before? 

Mr.  Krht. — He  was  the  best  fireman  I  ever  saw. 

.)// .  Hi  >/<iii. — I  think  the  subject  has  been  very  well  covered. 
The  necessity  for  a  greater  ratio  between  heating  and  grate  sur- 
face with  our  coals  has  impressed  itself  upon  my  mind  for  some 
time  past — that  is,  where  the  draught  will  permit.  I  have  not  yet 
found  a  place  where  I  have  had  too  much  draught.  I  may  say, 
in  answer  to  Mr.  Taylor,  that  in  a  number  of  cases  I  have  tempo- 
rarily cut  down  the  grate  surface  and  improved  the  results — the 
efficiency.  Of  course,  the  ])oint  which  Colonel  Meier  mentioned, 
the  neccHftity  for  the  same  boiler  to  work  at  times  at,  say,  50  per 
cent,  above  its  rated  (rapacity,  spoils  all  our  calculations  as  to  the 
be«t  ratio  of  lieatiug  surface  to  grate  surface  for  considerations  of 
effi(rifncy. 

Mr.  liiH'kwood. — I  w(ndd  lik(;  to  ask  Mr.  Bryan  one  question 
with  reference  to  the  down-draught  furnace — that  is,  has  he  any 
experience  of  accidents  with  these  grates,  and  is  their  life  short 
or  long,  and  if  any  accidents,  are  they  serious? 
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J/?'.  Bnjan.'^ — In  the  early  forms  we  simply  had  no  end  of 
trouble  with  the  flat  grate,  aud  wheu  the  risers  in  the  rear  water- 
box  became  discoiiuected.  The  remedies  were  found,  however, 
and  troubles  nowadays  can  be  attributed  almost  wholly  to  impure 
feed-water  or  ignorant  handling.  If  the  water  is  very  had  the 
tubes  will  give  out.  Of  course,  occasional  accidents  happen,  by 
the  carelessness  of  the  fireman  in  handling  his  slice-bar,  bringing 
a  leverage  to  bear  upon  them,  and  springing  them  in  the  heads. 
It  would,  perhaps,  be  ])roper  to  say  that,  where  the  feed-water  is 
good  and  the  liandling  is  intelhgent,  the  life  of  the  grate  is  prac- 
tically as  long  as  that  of  any  other  part  of  the  boiler.  I  know  of 
a  great  number  of  plants  which  have  never  had  to  renew  tubes. 

The  boiler  plant  of  the  Pubhc  Lighting  Station  of  the  city  of 
Detroit,  which  Mr.  Dow  describes,  and  which  most  of  us  have 
visited,  presents  many  points  of  interest.  The  combination  of 
boiler  and  setting  is,  I  believe,  entirely  novel.  The  capacity  of 
each  unit  is  undoubtedly  great,  and  its  economy  should  be  high. 
I  trust  that  Mr.  Dow  may  be  induced  to  give  the  Society,  in  due 
time,  the  results  of  his  efficiency  trials. 

I  seriously  question  the  desirability  of  the  arches  which  he  has 
added,  increasing,  as  they  do,  both  the  first  cost  and  expense  of 
maintenance.  I  see  no  necessity  for  them  from  any  point  of  view. 
Without  them  the  down-draught  furnace  will  give  results  which  are 
all  that  could  be  desired  in  efficiency  and  smokelessness.  I  do 
not  see  that  anything  is  gained  by  protecting  the  shell  from  the 
direct  action  of  the  flame ;  on  the  contrary,  circulation  is  always 
improved  by  localizing  high  temperatures.  The  arch  prevents  the 
shell  from  absorbing  its  share  of  the  heat,  and  consequently  the 
temperature  of  the  discharge  gases  is  higher.  I  should  expect 
better  efficiency  without  the  arch. 

The  fact  that  Mr.  Dow  is  able  to  evaporate  the  most  water  per 
dollar  when  burning  a  high  grade  of  fuel  is  undoubtedly  due  to 
the  fact  that  freights  and  handling  form  so  large  a  proportion  of 
the  cost  of  the  fuel.  In  St.  Louis  we  are  so  close  to  the  coal 
fields  that  it   almost  always  pays  us  to  burn  the  inferior  grades. 

Mr.  Nagle  asks  why  the  escaping  gases  are  uot  of  higher  tem- 
perature in  the  case  of  the  Hawley  test.  There  is  undoubtedly 
a  higher  tire-box  temperature,  but  it  is  reducecl  before  discharge 
by  the  higher  ratio  of  heating  to  grate  surface.  The  low  efficiency 
of  our  coals  as  usually  burned  undoubtedly  results  from  the  high 

*  Author's  closure,  under  the  Kales! 
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amount  of  volatile  matter  and  low  fixed  carbon.  This  indicates 
that  his^h  tiro-box  temperatures  are  essential,  and  necessitates 
spei'ial  forms  of  furnaces.  The  best  results  are  secured  with  those 
furnaces  in  which  the  heating  surfaces  are  not  directly  exposed 
to  the  heat  of  the  tire-bed.  Mr.  Nagle's  inquiries  as  to  the  highest 
t'tficiencv  possible  are  answered  in  my  additions  to  the  paper,  on 
pages  794  and  795. 

Since  the  adjournment  of  the  Convention  I  have  completed  a 
series  of  boiler  tests,  which  throw  further  light  on  the  question 
t)f  the  highest  efficiencies  possible  from  water-tube  boilers  set 
with  down-draught  furnaces,  burning  our  common  southern  Illi- 
nois coals.  The  trial  was  made  on  a  250-liorse-power  Pierpoint 
boiler  with  Hawley  setting,  at  the  Stifel  Brewery,  St.  Louis.  The 
coal  burned  was  "  Glen  Carbon"  lump,  having  a  heat  value  of  10,686 
K  T.  U.  per  pound,  and  a  percentage  of  ash  of  14.68.  The  rate 
of  combustion  was  21.5  pounds  per  square  foot  grate  per  hour; 
evaporation  2.55  pounds  per  square  foot  heating  surface  per  hour  ; 
etticiency,  78.66  per  cent. ;  equivalent  evaporation  })er  pound  coal, 
8.75  ;  temperature  of  flue  gases,  493  ;  draught,  .27.  The  boiler  was 
run  at  exactly  its  rating,  the  damper  being  adjusted  as  required. 
I  agree  with  Mr.  Nagle  that  forced  draught  is  often  desirable.  In 
one  case  within  my  own  experience  it  increased  the  efficiency 
from  46.8  per  cent,  to  59.55  per  cent.  Grate  surface  of  proper 
character  and  area  must  be  provided. 

Mr.  Kent's  suggestion  that  more  heating  surface  be  provided 
lianlly  tits  the  case.  Our  present  ratios  of  heating  surface  to 
rated  horse-power  meet  all  the  requirements;  in  fact,  they  enable 
us  greatly  to  exceed  the  normal  ratings  of  the  boiler.  The  same 
result  can  be  secured  by  reducing  the  grate  surface,  provided,  of 
course,  the  draught  is  good.  This  will  give  us  lower  flue  tempera- 
tures and  higher  efficiencies,  while  still  securing  the  full  rated 
capacity  of  the  boiler,  and  a  I'easonable  surplus.  In  other  words, 
1  would  reiluce  the  rate  of  evaporation  per  square  foot  heating 
(surface  per  liour.  and  increase  the  fuel  rate  per  square  foot  grate. 

Replying  to  Piofessor  (Jarpenter's  criticism  of  the  management 
of  the  firi's,  I  will  say  that  the  firemen  were  not  experts,  but  each 
fireman  handled  over  a  ton  of  coal  per  hour;  it  was  hard  work, 
jmrticuhirly  for  a  liot  July  day.  We  could  notice  no  difference  in 
the  nkill  of  the  two  men  ;  in  fact,  the  efficiency  secured  from  the 
coniiiion  boiler  is  so  much  above  the  average  as  to  show  that  the 
fircH  could  not  have  been   handled  very  badly.     It  must  not  be 
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forgotteD,  however,  that  the  Hawley  setting  is  less  sensitive  to 
poor  firing  than  the  common  furnace.  All  our  trials  of  the  down- 
draught  furnace  indicate  that,  even  though  indifferently  fired,  it 
gives  better  results  than  the  common  furnace  skilfully  fired,  other 
conditions  being  the  same. 

As  to  the  composition  of  the  flue  gases,  5.-1:1  per  cent,  of  CO2  is 
a,bove  the  average  when  burning  our  low-grade  coals  with  ordinary 
furnaces  and  firing.  It  is  necessary  to  furnish  a  large  surplus  of 
air,  and  therefore  the  O  and  N  in  the  flue  gases  run  high,  thus 
reducing  the  percentage  of  COo.  This  necessity  for  air  surplus  is 
not  so  great  in  the  Hawley  furnace,  lience  the  relative  increase  of 
CO.. 

In  further  answer  to  Mr.  Taylor,  I  will  say  that  leaving  the 
heating  surface  unchanged  and  cutting  down  the  grate  surface  re- 
sults in  a  marked  reduction  in  the  temperature  of  the  stack  gases,  * 
and  an  improvement  in  the  efficiency.  Such  a  change,  however, 
involves  a  reduction  in  the  boiler's  capacity  for  over-work,  which 
is  not  always  allowable.  If  our  boilers  could  be  run  at  a  uniform 
rate  at  all  times,  it  would  not  be  difficult  to  proportion  the  grate 
surface  to  the  draught  in  such  a  way  as  to  insure  much  higher  effi- 
<jiencies  than  are  now  common. 
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yEW  FOEMS  OF  FJUCTION  BRAKES. 

BY    W.  F.  M.  GOSS,  LAFAYETTE,  IND. 

(Member  of  the  Society.) 

The  terms  "  friction  brake  "  and  "  absorption  dynamometer'* 
are  often  used  interchangeably,  but  obviously  their  meaning  i» 
not  the  same.  Tlie  purpose  of  a  friction  brake  is  to  absorb 
]M)\ver;  that  of  an  absorption  dynamometer,  to  absorb  and  alsa 
to  m<^asure  power.  Thus,  the  mechanism  which  is  commonly 
i'mployed  to  check  the  speed  of  railway  trains  constitutes  a 
system  of  friction  brakes,  while  the  so-called  "  Prony  brake, "^ 
thouj^di  none  the  less  a  brake,  may  properly  be  termed  an. 
absorption  dynamometer.  In  its  ultimate  analysis,  every  absorp- 
tion dynamometer  embodies  the  elements  of  a  friction  brake, 
the  former  term  including  the  latter,  but  all  friction  brakes  are 
not  absorption  dynamometers. 

In  an  experimental  laboratory,  equipped  with  steam-engines^ 
and  other  motors,  the  usefulness  of  the  several  machines  depends 
largely  upon  the  constancy  of  the  resistance  against  which  they 
are  made  to  work.  This  resistance,  or  load,  must  usually  be 
Hupplied  by  some  form  of  friction  brake,  and  thus  it  is  that 
apparatus  of  this  class  becomes  an  important  factor  in  experi- 
ni(;ntal  w(jrk.  The  idefd  brake  should  be  capable  of  working 
under  any  h)ad,  from  the  smallest  one  appreciable  up  to  the 
maxiiimm  for  which  it  is  designed  ;  when  set  for  a  given  load  it 
Hhould  l)e  able  to  supply  it  for  an  unlimited  period,  without 
varintion  ;  its  action  should  not  expose  attendants  to  discomfort 
or  dangf*r;  and,  if  ])ossible,  it  sliould  not  be  expensive  either 
in  first  cost  or  m  maintenance.  The  ideal  absorption  dynamom- 
et<T  must  add  to  tliese  attributes  some  reliable  means  by  wliich 
the  atnonnt  of  power  a}>sorbed  in  a  given  time  may  be  observed 
or  automatically  recorded.  It  is  true  that  ideal  conditions  are 
not  alwavH  necessary  to   satisfactory  results,  but,  on  the  other 

•Pr»^nte<l  at  the  Detroit  meeting'  (June,  ISDoj  of  tin;  Anioriran  Society  of 
M#-chanlcal  Eni,on«-erj<,  and  formin^r  ,,j,rt  r,f  Volnni.;  XVI.  of  tlic   Transactions. 


NEW    FORMS   OF    FRICTION   BRAKES. 


SOT 


Land,  it  must  be  admitted  that  tlie  average  friction  brake  does- 
not  meet  requirements  which  are  both  reasonable  and  necessary. 
In  the  laboratory  at  Purdue  there  are  now  fifteen  brakes,  which 
together  are  capable  of  absorbing  more  than  a  thousand  horse- 
power. In  providing  these  brakes,  no  effort  has  been  made  to 
avoid  multiplying  forms,  for  the  brakes,  as  well  as  the  machines 
to  which  they  are  attached,  constitute  pieces  of  apparatus  for 
the  use  of  students,  and,  other  things  being  equal,  the  greater 
the  variety  the  better.  None  of  these  brakes  fulfils  all  of  the 
ideal  conditions  already  set  forth,  but  it  is  believed  that  each 
one  described  possesses  sufficient  merit  to  warrant  its  mention. 


Pendulum  absorption   Dynamometer. 
Fig.  2-<io. 

Pendulum  Absorption  Dynamometer. — Pronv  brakes  of  simple 
form  often  give  trouble  by  a  vibration  of  the  arm,  which  in- 
terferes with  accurate  observations  of  the  load.  This  vibration 
may  readily  be  controlled  by  the  application  of  a  dash-pot,  or,, 
probably  with  less  expense  and  much  more  success,  by  makiug 
the  brake  arm  a  pendulum,  with  a  heavy  bob  at  the  end,  after 
the  plan  of  a  Thurston  oil  tester,  and  so  proportioning  the  parts- 
that  the  mass  of  the  wliole  is  sufficient  to  absorb,  by  its  inertia, 
the  forces  tending  to  produce  vibration.  80  far  as  the  writer  is 
informed,  no  large  brakes  have  ever  been  constructed  on  this. 
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plan,  but  a  modification  of  it  has  been  carried  out  in  the  case  of 
two  10-horse-powev  brakes  at  Purdue.  One  of  these,  the  details 
of  which  were  designed  by  Mr.  Eichard  A.  Smart,  junior  mem- 
ber of  the  Society,  is  shown  by  Fig.  225,  attached  to  an  Otto 
«'as-enaine.  It  will  be  seen  that  as  the  brake  arm  rises  it  dis- 
places  the  pendulum  H  against  the  action  of  gravity,  thus  fur- 
nishing a  load  wliich  increases  with  the  movement  of  the  arm. 
The  pendulum  moves  freely,  but  does  not  vibrate  under  the 
acti(Mi  of  the  forces  transmitted  by  the  brake  arm. 

The  curved  scale  under  the  pendulum  bob  is  graduated  ex- 
perimentally in  terms  of  horse-power  per  100  revolutions.     The 


Rope  absorption  Dynamometer. 
Fig.  226. 


whole  arrangement  is  very  convenient  and  effective,  its  accuracy 
being  all  that  is  required  for  the  purpose  for  which  it  is  used. 

Jinjpf'  Ahsorpfioa  Di/uarnoinpier. — The  fact  that  a  wrapping  of 
rope  around  a  wheel  will  serve  to  absorb  and  to  measure  power 
is  V>y  no  means  new,  but  it  is  doubtful  whether  the  great  merit 
of  the  rope  dynamometer  is  appreciated  except  by  those  who 
have  iiHed  it,  or,  indof-d,  whether  the  application  of  the  principle 
it  emlKxlies  is  generally  understood. 

The  conjmon  arrangement  of  a  rope  dynamometer  is  shown 
in  Fig.  2*2(>,  which  rf  presents  one  of  several  small  dynamometers 
in  daily  wvAt  at  Purdue.  The  wheel  of  this  luake  is  provided 
with  inside  flanges,  between  which,  when  running,  a  small  quan- 
tity of  water  is  Inld.     A  piece  of  manilla  rope  placed  over  or 
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wrapped  around  this  wheel  is  attached  at  one  end  to  a  spring 
balance  secured  to  a  fixed  point,  and  at  the  other  end  it  sustains 
a  weight.  Friction  being  neglected,  it  may  be  assumed  that, 
when  the  wheel  is  at  rest,  the  reading  of  the  spring  balance  on 
one  side  will  be  equal  to  the  value  of  the  weight  on  the  other 
side.  When  the  wheel  is  in  motion,  however,  it  tends  to  carry 
the  rope  around  with  it ;  the  weight  is  then  raised,  and  rope  is 
fed  over  to  the  balance,  reducing  the  tension  on  the  latter.  The 
condition  of  the  rope  is  similar  to  that  of  a  belt  which  is  trans- 
mitting power  ;  it  has  its  tight  side  and  its  slack  side,  the  for- 
mer beins^  connected  with  the  weight  and  the  latter  connected 
with  the  spring  balance.  The  effective  brake  load  is  the  dif- 
ference in  stress  on  the  two  sides  of  the  rope,  and  the  effective 
radius,  the  distance  7?."'^  It  will  be  seen  also,  that  if  for  any 
reason  the  slack  side  becomes  too  slack,  the  weight  on  the  other 
side  will  not  be  sustained,  but  will  fall  back,  thus  increasing  the 
tension  on  the  spring  balance,  which  increased  tension,  in  turn, 
will  at  once  tend  to  restore  equilibrium.  By  varying  the  num- 
ber of  turns  of  rope  on  the  wheel,  the  weight  on  the  tight  side 
may  be  large,  and  the  reading  of  the  spring  balance  relatively 
very  small,  a  condition  which  greatly  favors  the  maintenance  of 
a  constant  resistance.  A  rope  dynamometer  never  sticks,  and  it 
cannot  suddenly  lose  its  grip.  Its  steadiness  in  action,  and 
the  constancy  with  which  it  maintains  a  given  resistance,  are 
features  greatly  to  be  desired  in  any  brake. 

In  the  design  of  the  brakes  which  remain  to  be  described,  an 
effort  has  been  made  to  secure  the  elements  which  give  stability 
to  the  rope  dynamometer;  to  adapt  these  elements  to  conditions 
where,  in  its  simple  form,  the  rope  dynamometer  would  not  serve  ; 
and  in  each  case  to  make  the  whole  brake  a  piece  of  apparatus 
possessing  greater  permanency.  In  these  brakes,  also,  the  plan 
usually  followed,  of  making  wooden  shoes  bear  on  an  iron  wheel, 
has  been  reversed,  and  iron  bands  have  been  made  to  bear  on 
wooden  wheels. 

Pipe  Absorption  Dynamometer. — This  dynamometer  serves  to 

*  The   work  done  iu  a  single  revolution  is  27tRW,  and  the  liorse-power  is 

-    „        - ,  where  R  is  the  effective  radius  in  feet,  W  the  effective  load  (weight, 

minus  the  reading  of  the  spring  balauce),  and  iVis  the  number  of  revolutions  per 
minute. 
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load  a  7i-incli  by  15-iucli  Buckeye  engine,  and  to  measure  the 
power  t^'iven  c^ff  Jit  the  wheeL  An  elevation  and  partial  section 
Are  shown  in  Fig.  221.    As  will  be  seen  by  reference  to  this  figure, 


'  0[Jbi^  jo  si>sanoQ  9 


the  dynaniometiT  consists  essentially  of  a  rim  of  wood  fastened 
to  the  side  of  the  fly-wheel,  and  a  brake-band  composed  of  four 
pieces  of  common  ;-inch  steam-pipe.     Each  piece  of  pipe  com- 
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posing  tlie  band  has  a  tee  screwed  to  each  end,  the  branch  open- 
ing of  which  provides  for  the  circuLo^tion  of  cooling  water  through 
the  pipe.  The  outer  end  of  each  tee  is  closed  by  a  special  plug, 
which  is  connected  with  the  fixed  members  of  the  dynamometer. 

The  general  principle  followed  is  that  of  the  rope  dynamom- 
eter already  described,  with  pieces  of  flexible  pipe  taking  the 
place  of  the  rope.  The  pipes  constitute  a  simple  form  of  jack- 
eted band,  and  since  the  rubbing  surfaces  are  of  wood  and  iron, 
a  high  coefficient  of  friction  is  insured. 

The  weighing  mechanism  of  this  dynamometer  is  secured  to  a 
column  of  3-inch  gas-pipe.  A  lever,  which  has  its  fulcrum  in  the 
column,  receives  the  tight  side  of  the  band  at  one  end  and  car- 
ries a  weight-holder  at  the  other ;  the  slack  side  of  the  band  is 
•connected  with  a  spring  balance  sliding  in  a  horizontal  guide, 
this  connection  being  arranged  to  equalize  the  tension  in  the 
several  pipes.  The  cooling  water  is  brought  to  the  brake  in  a 
|-inch  pipe,  which  branches  over  the  wheel  to  allow  a  separate 
stream  to  enter  each  pipe.  Other  details  are  well  shown  by 
Tier.  227. 

In  the  operation  of  the  brake,  the  engine  is  started  with  the 
band  lying  loosely  upon  the  wheel.  Weights  are  then  put  upon 
ihe  weight-holder,  and  the  hand  wheel,  attached  to  the  slack  side, 
is  screwed  up  until  the  lever  is  in  balance.^ 

This  dynamometer  on  a  6-foot  wheel  easily  absorbs  40  horse- 
power at  150  revolutions,  or  10  horse-power  per  pipe,  and  at  this 
power  there  is  but  slight  wear  of  the  wood.  The  ratio  of  the 
tension  of  the  tight  side  to  4:hat  of  the  slack  side,  at  this  power, 
is  about  as  5  to  1. 

The  novelty  of  the  pipe  dynamometer  consists  in  the  band, 
wdiich  is  inexpensive,  but  effective  ;  it  is  evident  that  such  a  band 
may  be  successfully  applied  under  a  great  variety  of  conditions. 

A  Belt-driven  Brake,  the  details  of  which  were   designed  by 

*  The  work  absorbed  by  this  brake  in  a  g:iven  time,  as  in  the  case  of  the  rope 
dynamometer,  is  equal  to  the  force  exerted  through  the  tiglit  Mde  of  the  band 
minus  the  force  exerted  through  the  slack  Ade.  multiplied  by  the  space  passed 
•over  as  determined  by  the  effective  radius,  which  extends  to  the  centre  of  the  pipe 
band.     The  ratio  of  the  lever  arms  is  as  1  to  3.     The  horse-power  therefore  is 

TTp_07rT?\^r    i  Corrected  weight  )        \  Corrected  reading  ^ 
^     {       < on  weight-holder  ^        (of  spring  balance  > 

where  i?   is  the  effective  radius  in  feet,  and  iV  the  number  of  revolutior.s  per 
minute. 
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the  late  William  H.  Wells,  while  a  graduate  student  at  Purdue, 
is  shown  by  Fig.  228.  It  may  be  described  as  follows  :  A  short 
shaft  mounted  in  floor-hangers  carries  two  wooden  brake  wheels, 
and  also  has  upon  it  a  pulley  (not  shown),  which  receives  the 
power  that  the  brake  is  to  absorb.      These  brake  wheels  are  24 


inches  in  diameter,  and  are  each  partially  encircled  by  four  bands 
of  I -inch  pipe.  A  suitable  arm,  carrying  a  weight-holder  at  its 
extremity,  has  a  bearing  upon  the  shaft  between  the  tAvo  brake 
pulleys.  The  tight  side  of  the  band  is  connected  directly  with  the 
arm,  while  the  slack  side  is  attached,  through  a  system  of  equal- 
izers, with  the  piston-rod  of  a  small  cylinder,  which  is  hung  by 
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trnnnions  within  tlie  arm.  Circulation  of  cooling  water  through 
the  pipes  is  provided  for  in  the  same  manner  with  that  of  the 
pipe  band  previously  described  In  the  present  case,  however,  the 
water  before  entering  the  band  serves  to  regulate  automatically 
its  tension,  so  as  to  maintain  the  brake  arm  in  balance. 

The  water  enters  a  small  balanced  reojulatin"-  valve  actuated 
by  che  movement  of  the  brake  arm,  thence  it  passes  under  press- 
ure to  the  lower  end  of  the  trunnioned  cylinder,  where,  by  its 
action  on  the  under  side  of  the  piston,  it  serves  to  take  up  the 
slack  in  the  brake  bands.  .By  a  small  orifice  in  the  piston  the 
water  passes  from  the  lower  to  the  upper  end  of  the  trunnioned 
cylinder,  thence  by  piping  to  the  brake  bands,  from  which  it 
finally  flows  in  an  open  stream,  carrying  with  it  the  heat  developed 
by  the  friction  of  the  bands.  When  the  brake  arm  falls,  the  bal- 
anced valve   opens  and  the   pressure  in  the  small  cylinder  is 


^20  oz.  Duck 
V-Sheet  Rubber 


Section  of  Band  showing  Construction  of  Water  jacket. 

Fig.  231. 


thereby  increased.  An  increase  of  pressure  in  the  cylinder  in- 
creases the  tension  of  the  band,  and  this  tends  to  again  raise  the 
arm.  If,  on  the  other  hand,  the  arm  rises  above  its  normal  posi- 
tion, the  supply  of  water  is  reduced,  the  band  is  slackened,  and 
the  arm  falls.  This  brake  is  portable,  self-regulating,  and  has 
an  effective  water-jacket.  At  300  revolutions  a  minute  it  readily 
absorbs  35  horse-power. 

Brake  with  Sheet-Steel  Band  and  Water  Jacket. — While  the  use 
of  pipes,  as  already  described,  gives  a  cheap,  simple,  and  effec- 
tive jacketed  band,  there  are  other  forms  which  are  still  more 
simple.  Fig.  229,  from  a  photograph,  shows  the  general  arrange- 
ment of  a  brake  as  fitted  to  a  pair  of  Baldwin  compound  loco- 
motive engines.  The  apparatus  consists  of  a  jacketed  band  of 
sheet  steel,  working  over  a  flat-faced  pulley.  It  will  be  seen  that 
the  space  Avhich  can  be  given  to  a  brake  in  this  case  is  limited  in 
width  by  the  space  between  the  eccentrics,  arid  the  brake  wheel 
is  required  to  be  of  small  diameter,  in  order  that  it  may  clear  a 
cross-bar  which  connects  the  side  frames.  This  device  is  a  fric- 
tion brake  only  ;  no  provision  has  been  made  for  measuring  the 


bi6 


NEW    FORMS   OF   FKICTIOX   lUiAKES. 


NE^r    FORMS    OF   FRICTION   BRAKES.  817 

^amount  of  power  absorbed.     Two  views  of  the  brake  are  shown 
%  Fig.  230. 

The  brake  wheel  consists  of  a  heavy  sj^lit  wooden  pulley,  24 
inches  in  diameter  and  20  inches  face.  Its  band  is  of  No. 
12  sheet  steel,  and  is  wider  than  the  brake  wheel ;  riveted  over 
it,  and  serving  as  a  jacket,  is  a  layer  of  rubber  packing  backed 
with  a  covering  of  stout  canvas.  A  cross-section  of  the  jacket 
is  shown  by  Fig.  231.  The  steel  band  is  riveted  to  cast-iron  end 
pieces  ;  these  are  tapped  for  pipe  connections  for  the  jacket,  and 
receive  bolts  by  which  the  band  is  secured  ^Fig.  230). 

This  construction  provides,  at  very  small  cost,  a  jacketed 
band  which  is  strong,  tight,  and  flexible. 

The  cross-brace.  A,  already  referred  to  as  limiting  the  size  of 
the  brake  wheel,  is  reenforced  by  the  flanged  casting  B,  and 
made  to  serve  as  the  fixed  point  for  the  brake.  The  band  con- 
nects with  the  casting  B  through  the  intervention  of  rubber 
springs,  as  shown  (Fig.  230 1.  When  the  engine  is  run  "  over,"  the 
two  outside  springs  receive  the  stress  transmitted  by  the  tight 
side  of  the  baud,  the  middle  spring  serving  only  to  maintain  the 
tension  of  the  slack  side.  When  the  engine  is  run  "  under," 
these  conditions  are  reversed.  The  rubber  springs  allow  but 
flight  movement  of  the  band,  but  give  to  the  brake  all  the 
steadiness  which  characterizes  the  action  of  the  rope  dynamom- 
eter, of  which,  indeed,  it  is  a  type. 

Steel  Brake  Band,  with  Spray. — Fig.  232  show^s  an  absorption 
dynamometer  which  serves  to  load,  in  part,  a  triple-expansion 
■Corliss  engine.  The  brake  wheel  is  a  heavy  split  wooden  pulley, 
4  feet  in  diameter  and  10  inches  face.  A  double  lever  arm 
has  bearings  on  the  shaft  on  either  side  of  the  wheel,  and 
receives  the  ends  of  the  brake  band.  The  band  consists  of  a 
piece  of  sheet  steel,  to  the  back  of  which  is  secured  a  layer  of 
iron- wire  netting.  Water  is  sprayed  upon  the  handover  the  top 
of  the  wheel  and  at  a  point  close  under  the  brake  arm  at  A. 
The  spray  is  received  into  the  interstices  in  the  netting,  and,  by 
-capillaiy  action,  is  held  in  contact  with  the  band  which  is  to  be 
cooled ;  the  water  flows  in  an  even  film  over  the  top  of  the  band 
to  its  under  side,  from  which  point  it  drops  off  into  a  pan  and 
is  drained  away.  A  cross-section  of  this  band  is  shown  by  Fig. 
233.  No  water  reaches  the  brake  wheel,  and  the  band  being 
practically  always  at  rest,  there  is  no  throwing  of  water.  If  too 
little  water  is   used  steam  rises  from  the  band  ;  otherwise,  the 
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presence  of  the  open  jacket  is  not  noticeable.  There  is  no- 
annoyance  from  the  open  stream  of  water,  in  the  manipulation 
of  the  brake  or  of  the  engine  to  Avhich  it  is  attached. 

While  the  performance  of  this  brake  leaves  very  little  to  be 
desired,  its  great  merit  is  to  be  found  in  its  inexpensiveness. 

Ah/en  Brakes. — This  paper  would  be  incomplete  did  it  not 
contain  some  reference  to  the  Alden  brakes  at  Purdue,  a  com- 
plete description  of  which  was  published  in  the  Transactions  of 
the  Society  for  1892.^^  At  the  time  of  the  publication  referred 
to,  however,  but  little  was  known  concerning  their  action,^ 
whereas  they  have  now  had  three  years  of  service. 

Purdue's  Alden  brakes,  four  in  number,  are  rated  at  200 
horse-power  each,  but  they  have  been  worked  at  higher  power. 
Two  of  them  have  served  as  a  load  for  the  locomotive  during 
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Fig.  233. 

1,500,000  revolutions,  which  are  equivalent  to  a  distance  of  5,000 
miles.  The  other  two  have  had  about  half  this  service.  Each 
brake  consists  of  a  cast-iron  disk  h^  inches  in  diameter,  revolving 
between  two  fixed  copper  plates.  The  space  between  the  copper 
plates  wliich  is  not  taken  by  the  moving  disk  is  filled  with  cyl- 
inder oil,  and  provision  is  made  for  the  circulation  of  the  oil 
frr)m  the  circumference  to  the  centre  of  the  brake  ;  this  provides 
for  the  lubrication  of  the  rubbing  surfaces.  The  load  is  regu- 
lated by  water,  which  circulates  behind  the  copper  plates,  and 
serves  tlie  double  purpose  of  carrying  away  the  heat  developed 
and  of  maintaining  a  pressure  of  contact  between  the  plates  and 
the  Tno\'in{^'  <lisk. 

Concerning  tlie  working  of  these  brakes,  it  may  be  said  that 
thev  are  frequently  run  at  sj)eeds  as  high  as  300  revolutions, 
wh^ch  speed,  together  with  tlieir  large   diameter,  gives  a  high 

•••Ad   Experimenial   Loconjotive,"  vol.    xiii.     See  also  "An  Automatic  Ab- 
aorption  Dynttmoineter."  vol.  xi  ,  TraumctionH  of  iIk;  Society. 
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■velocity  to  the  surfaces  in  contact.  The  water  pressure  seldom 
exceeds  15  pounds  per  square  inch,  whicli  is  slight  compared 
with  the  ordinary  pressure  of  bearings.  There  is  no  wear  of 
either  the  copper  plates  or  the  cast-iron  disk,  for  it  is  evident 
that  while  the  friction  is  nominally  between  the  cast-iron  and 
the  copper  surfaces,  the  work  is  chiefly  done  upon  the  oil.  Ex- 
perience has  shown,  also,  that,  within  limits,  the  power  absorbed 
depends  quite  as  much  upon  the  temperature  of  the  oil  as  upon 
the  water  pressure.  Thus,  if  the  volume  of  cooling  water  pass- 
ing the  brake  is  increased,  without  increasing  its  pressure,  the 
temperature  of  the  brake  is  lowered,  tlie  oil  becomes  more 
viscous,  and  the  resistance  offered  by  the  brake  is  increased. 
Within  limits,  better  results  are  obtained  by  regulating  the  tem- 
perature than  by  regulating  the  pressure. 

These  brakes  furnish,  for  hours  at  a  time,  a  resistance  which 
is  marvellously  constant,  and  their  whole  action  is  very  nearly 
perfect. 

DISCDSSION. 

J/?'.  George  I.  Rockioood. — I  would  like  to  ask  Professor  G-oss 
if  there  is  any  brake  illustrated  which  is  not  also  a  dynamometer. 

Professor  Goss. — The  brake  which  I  have  described  as  being 
used  in  connection  with  the  Baldwin  compound  engine  will  not, 
in  its  j3resent  form,  serve  for  measuring  power.  It  is  a  friction 
brake  only.  The  Alden  brakes  also,  which  are  referred  to  in  the 
paper,  constitute  a  part  of  a  somewhat  complex  plant  ;  they  serve 
to  absorb  power,  the  value  of  which  is  determined  by  means  of 
apparatus  which  is  entirely  apart  from  the  bi'akes. 

J//'.  Rockvjood. — I  asked  that  question  because  one  might 
gather  that  the  Alden  brake  could  not  be  a  dynamometer,  and  I 
merely  want  to  correct  that  impression,  and  to  say  that  Alden 
brakes  are  used  as  dynamometers,  although  it  may  be  possible  that 
the  brakes  under  tlie  Pnr;lue  locomotives  are  not  dynamometers. 

Prof.  D.  S.  J(K-nhns, — We  have  found  the  ro])e  brake  very  effi- 
cient and  steady,  under  quite  large,  as  well  as  under  small,  loads. 
A  short  time  ago  we  had  occasion  to  make  a  trial  of  an  engine  as 
it  stood  on  the  testing-block  in  the  shop  where  it  was  manufact- 
ured, and  we  had  to  jirovide  a  brake  which  would  absorb  125 
liorse-power  when  placed  on  a  72-incli  fly-wheel  running  at  150 
revolutions  per  minute.  The  brake  was  constructed  as  shown  in 
Fig.  231.     The  frame,  E^  is  made  of  such  a  size  that  the  two  up- 
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right  pieces  pass  each  side  of  the  H y-wheel,  ^i.  This  frame  stands 
on  a  pair  of  platform  scales,  F.  At  the  lower  portion  of  the  frame 
there  is  a  cross-piece  which  holds  the  lower  ends  of  the  two  ropes. 
The  ropes  pass  around  the  wheel,  and  the  u])per  ends  are  spliced 
so  as  to  pass  over  a  pair  of  hooks  at  the  end  of  the  screw,  D.  The 
screw,  7>,  is  moved  up  and  down  by  means  of  the  hand-wheel,  (\ 
By  tightening  the  hand-wheel,  C^  any  desired  tension  can  be  pro- 
duced in  the  rope,  and  the  amount  of  friction  regulated.  The 
diftereuce  in  tension  which  the  friction  produces  in  the  ropes  is 
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Fig.  234. 


mf  a.sured  Ijy  the  increase  of  the  load  which  bears  on  tlie  platform 
Kcale«. 

In  tlii.s  particular  case  we  ran  one  test  of  six,  and  another  of 
tliree  and  one-half  hours,  and  made  a  number  of  shorter  runs, 
and  had  no  trouble  with  the  brake. 

The  inside  of  the  rim  of  tlie  flv-wheel  was  cast  with  twoflani^es, 
80  there  was  a  IidHow  space.  Tliis  space  wjis  filled  with  water, 
whidi  was  lield  in  ])y  centrifugal  force.  Tli(i  water  gradually 
boih;d  aw.'iy,  and  the  loss  from  this  cause  was  made  u})  by  con- 
liuuriuHly  adding  a  fresh  su])ply.  In  this  particular  case,  with  120 
to  150  horse-power,  we  had  to  add  a  little  water  on  the  outside  of 
the  wheel  to  prevent  the  rope  from  charring,  whereas,  in  general, 
thJH  is  not  necessary.  Tlie  rim  of  tlie  fly-wheel  in  this  case  was 
nearly  5  inches  thick,  so  that  the  transmission  of  heat  was  proba- 


XEW    FOR.MS   OF    FRICTION   BRAKES. 


821 


blj  considerably  retarcied.  We  have  used  the  rope  dynamometer 
in  the  test  of  a  steam  turbine  in  which  the  driving  pulley  ran  at 
1,550  revolutions  per  minute,  and  in  that  ])articular  case  we  also 
had  to  put  a  little  water  on  the  outside  of  the  wheel. 

The  rope  brake  runs  very  steadily,  and  we  find  it  thoroughly 
reliable  and  convenient  for  use  in  temporary  work.  It  was  ex- 
perimented with,  and  described  in  the  Stevens  Indicator,  by  Pro- 
fessor Denton,  about  six  years  ago,  and  we  have  used  it  in  a  great 
variety  of  work  since  that  time. 


ASK  •C'-E  co.,N-.r, 


Fig.  235. 


Another  form  of  dynamometer  is  shown  in  Fig.  235.  This  was 
designed  by  Mr.  F.  M.  Leavitt,  to  be  used  on  a  Whitehead  tor- 
pedo, where  there  was  less  than  30  seconds  in  which  to  record  the 
whole  operation,  and  there  was  about  1.0  to  45  horse-power  to 
absorb  and  measure.  An  ordinary  brake  could  not  be  adjusted 
to  give  reliable  readings  in  so  short  a  time,  so  that  a  special  form 
was  designed,  in  accordance  with  the  suggestions  of  Professors 
Webb  and  Denton,  in  which  all  the  power  was  absorbed  by  the 
friction  of  the  water.     The  brake  was  constructed  as  follows  : 

Four  steel  disks,  24:  inches  diameter,  and  about  1-  of  an  inch  in 
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thickness,  were  fastened  to  a  vertical  shaft.  These  disks  were 
mailo  to  revolve  in  a  cast-iron  cylindrical  box,  to  which  was 
attached  8  steel  disks,  so  that  they  came  between  the  4  disks  on 
the  shaft  without  touching  them.  The  space  for  water  between 
the  disks  was  about  j\.  of  an  inch.  The  hub  at  the  centre  was  5 
inches  in  diameter.  Water  was  poured  in  through  a  hole  in  the 
top  of  the  cast-iron  box,  the  cover  of  which  was  made  perfectly 
tii^ht.  The  engines  ran  at  from  about  600  to  about  1,200  revolu- 
tions per  minute. 

The  advantage  of  this  brake  is  that  it  can  be  calibrated  so  that 
everv  pound  exerted  at  the  end  of  the  lever  arm  corresponds  to  a 
certain  horse-power.  The  amount  of  resistance  varies  as  the 
square  of  the  revolutions.  Hence,  if  we  determine  the  pull  on 
the  scale  at  />,  and  the  horse-power  for  any  given  number  of 
revolutions,  we  can  calculate  the  horse-power  corresponding  to 
any  given  force  at  D. 

The  brake  was,  therefore,  capable  of  indicating  the  horse- 
power, second  by  second,  during  the  short  interval  of  time  which 
th<»  engine  ran,  without  requiring  a  determination  of  the  speed. 
Mr.  Leavitt  made  a  number  of  tests,  wdiicli  proved  that  the 
moment  of  resistance  varied  as  the  square  of  the  revolutions  for 
a  range  in  the  number  of  revolutions  which  existed  in  his  experi- 
ments, and  constructed  a  formula  for  calculating  the  horse-power 
from  the  weight  indicated  at  the  end  of  the  lever  arm,  without 
regard  to  the  number  of  revolutions. 

J//.  ]V/i/f/n  //. — I  would  like  to  ask  in  what  direction  the  rope 
Prouy -brake  wheel  revolves? 

Pntft'Msnr  J/i('f)htis. — The  wheel  revolves  in  the  direction  of  the 
arrow.  If  we  wish  to  revolve  the  wheel  in  the  other  direction, 
and  are  unable  to  set  the  frame  on  the  other  side  of  the  wheel,  so 
that  the  force  exerted  by  the  friction  will  bear  downward  on  it, 
a  we'ight  can  be  placed  on  the  lower  part  of  the  frame,  and 
arrangecl  with  safety  catches,  so  that  if  the  brake  is  made  too 
tight  it  will  not  lift  the  weight.  The  diminution  of  the  weight 
regiMtered  on  the  scales  then  gives  the  force  to  be  used  in  calcu- 
lating: the  horse-power.  In  the  case  of  most  engines,  however, 
there  Ih  room  ♦;nough  to  place  the  frame  at  either  side  of  the  fly- 
wheel. 

Mr.  IV/t/hi^i/. — You  said  in  one  case  there  was  an  automatic 
feature,  and  in  tlie  other  there  was  not. 

ProfpHnor  ./(trohns.^  I  do  not  see  what  you  mean  by  an  auto- 
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inatic  feature.  There  is  nothing  more  than  a  direct  tension 
between  the  hooks  at  the  end  of  the  screw,  D,  and  the  cross-piece 
which  holds  the  lower  ends  of  the  two  ropes.  Therefore,  no 
matter  which  way  the  wheel  runs  there  is  virtually  the  same 
action,  if  the  weight  of  the  rope  is  not  considered.  The  effect 
of  the  weight  of  the  rope  is  small,  because  it  has  to  be  strained 
up  very  tight  in  order  to  produce  -the  necessary  friction.  It 
might  be  asked  why  the  screw  D  is  placed  at  the  top,  where  it 
is  subjected  to  the  greatest  tension,  instead  of  at  the  bottom. 
The  reason  is,  that  in  most  cases  it  is  more  readily  handled  when 
above  than  it  would  be  if  placed  below. 

J//'.  Whitney. — I  think  a  screw  at  the  lower  end  would  have  a 
decided  difference. 

Professor  Jacohus. — There  would  be  a  difference  in  the 
amount  of  force  exerted  on  the  screw,  but  there  would  be  no 
difference  in  the  readings  of  horse-power.  It  would  require  a 
less  force  if  placed  below  than  it  would  if  placed  above.  Another 
reason  for  placing  the  screw  above  is  that,  should  the  rope  tend 
to  grip  on  the  wheel,  it  would  produce  more  effect  in  some  cases 
to  loosen  the  tight  end  than  it  would  to  diminish  the  strain  on 
the  loose  end.  I  doubt,  however,  whether  this  effect  would  enter 
strongly,  because  in  one  case  we  ran  a  brake  with  the  tightening- 
w^heel  on  the  slack  end  of.  the  rope. 

J//'.  Ktnt. — How  do  you  increase  the  load  on  the  Leavitt 
dynamometer  ? 

Professor  Jacohus. — It  could  be  adjusted  by  placing  various 
amounts  of  water  in  the  cylindrical  box. 

2fr.  Kent. — Is  it  a  constant  load? 

Pr(fessor  Jacohus. — Xo,  it  is  a  dynamometer  in  which  the 
moment  increases  as  the  square  of  the  revolutions.  Therefore, 
the  weight  registered  at  the  end  of  the  lever  arm  indicates 
directly  what  the  horse-power  is,  without  counting  the  revo- 
lutions. 

J//'.  A)igus. — Didn't  you  have  trouble  with  the  rope  dynamom- 
eter when  you  used  water  on  the  outside  ? 

Pr(fessor  Jacohus. — Xo,  there  was  no  trouble  whatever. 

Mr.  J\^ent. — Was  the  rope  greased  ? 

Professor  Jacohus. — There  was  no  grease  on  the  rope.  The 
rope,  after  being  run  for  about  eighteen  hours  in  one  position, 
wore  flat  where  it  bore  on  the  wheel,  and  the  reading  of  the 
scale  fluctuated  more  than  at  the  beginning  of  the  test.     If  the 
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rope  were  rim  long  enough  in  one  position  it  might,  therefore, 
wear  so  Hat  that  it  would  produce  trouble  by  gripping  the  wheel. 
On  turuinf^  the  rope  over  the  excessive  fluctuations  were  elim- 
inated. 

Jfr.  E.  J.  ir////.s'. — For  the  last  two  years  I  have  used  the  rope- 
brake  to  which  Professor  Jacobus  has  called  attention.  All  our 
self-contained  engines  are  thus  tested  before  leaving  the  works. 
It  is  cheap,  reliable,  and,  above  all,  quickly  adjusted  to  different 
diameters  of  pulleys.  It  is  especially  convenient  for  going  out 
on  a  test,  as  it  is  portable,  and,  in  case  of  emergency,  one  can 
generally  be  built  on  the  s])ot.  The  usual  mistake  is  to  use  a 
rope  too  small,  which  wears  out  much  quicker  than  a  large  one. 
I  luive  taken  8^  horse-power  for  six  hours  off  a  42-inch  pulley 
with  a  brake  of  this  character,  without  the  slightest  trouble  with 

the  brake. 

Profei<s<n'  Jacohiis. — I  will  add  one  thing,  to  show  how  steadily 
a  rope-brake  can  be  worked.  When  we  finished  the  regular  tests,, 
we  blocked  the  governor  and  opened  the  throttle  gradually  until 
the  brake  i-egistered  145  horse-powder,  and  then  ran  constantly  at 
this  figure.  The  brake  was  adjusted  by  a  party  who  was  guided 
by  a  tachometer  attached  to  the  engine,  and  the  variation  between 
the  greatest  and  least  number  of  revolutions  per  minute,  as 
registered  by  a  box  counter,  which  was, read  every  two  or  three 
minutes,  was  tliree  revolutions  per  minute. 

Mr.  ILn)t'rn(j. — Does  the  li(iuid  pressure  in  the  Leavitt  brake 
increase  the  friction  ? 

Pi'ofeHHor  J< / rah t/.s.-- The  friction  of  water  has  never  been  con- 
sidered to  vary  with  ])ressure.  The  coefficient  of  friction  which 
corresponds  to  Mr.  Leavitt's  experiments  is  0.0012,  which  is 
about  one-tliird  of  the  ordinary  figure.  In  the  case  in  question. 
we  Lave  a  thin  layer  of  water,  whereas  in  the  ordinary  ex})eri- 
meiitft  on  tlie  friction  of  water  a  ])lane  surface  is  drawn  through  a 
large  tank  of  water,  so  that  the  two  factors  may  not  be  the  same. 
The  above  coefficient  might  be  emplo3'ed  in  calculating  the 
approximate  sv/.a  of  the  brake,  after  which  it  could  be  adjusted 
to  the  particular  load  by  placing  various  amounts  of  water  in  the 
cylindrical  box. 

The  following  fornmla,  by  whicii  the  moment  of  resistance  pro- 
duced by  the  brake  can  be  calculated,  is  based  on  Mr.  Leavitt's. 
experiments : 

J/ =  0.145  r)\-  in\  -  u\,). 
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In  wliicli, 

J/  =  moment  produced  by  brake  in  foot-pounds. 
D  =  number  of  revolving-  disks. 
JT  =  number  of  revolutions  per  second. 
J?i  =  radius  of  disks,  in  feet. 
Ji2  =  radius  of  hub,  in  feet. 

Professor  Goss."^ — It  has  been  suggested  that  my  reference  ta 
the  Alden  brake  may  be  misleading,  that  I  have  failed  to  state 
that  the  princi])le  of  the  Alden  brake  may  be  made  to  serve  in  a 
dynamometer.  It  is  but  proper  that  I  state,  in  explanation,  that 
the  paper  is  a  description  of  certain  new  brakes  and  dynamom- 
eters. The  reference  to  the  Alden  brake  is  incidental;  it  is  a 
statement  concerning  the  performance  of  apparatus,  a  description 
of  which  has  already  been  given  to  the  Society.  This  fact  will 
account  for  the  brevity  of  the  present  reference.  It  is  to  be  noted, 
also,  that  the  paper  calls  attention  to  Professor  Alden's  descrip- 
tion of  his  *'  Automatic  Absorption  Dynamometer,"  which  I  had 
hoped  would  serve  to  prevent  impressions  of  the  kind  referred  to. 

I  would  add  that  we  have  at  Purdue  an  Alden  automatic 
absorption  dynamometer,  which  has  been  in  use  for  several  years. 
I  have  never  found  anything  that  equals  it  in  maintaining  a  con- 
stant load.     Its  automatic  regulation  is  perfect. 

With  reference  to  the  use  of  water  in  connection  with  rope 
dynamometers,  I  would  say  that  we  have  taken  8  horse-power 
from  an  8-incli  wheel,  running  2,500  revolutions  a  minute,  and  on 
another  occasion,  50  horse-power  from  a  48-inch  wheel,  running 
175  revolutions,  the  cooling  being  accomplished  in  both  cases,  for 
several  hours  in  succession,  by  the  use  of  water  on  the  rope. 
When  water  is  used  in  this  way  it  is  desirable  that  it  be  supplied 
at  a  constant  rate,  since  it  not  only  cools,  but  lubricates,  the  bi-ake, 
and  any  change  in  the  quantity  supplied  necessitates  an  adjust- 
ment in  the  tension  of  the  rope. 

The  President. — May  I  ask  you  does  your  paper  state  what  sized 
pipe  you  used,  and  of  what  material  your  pipe  was  ? 

Professor  Goss. — The  diameters  are  given.  We  have  used 
quarter-inch  and  three -eighths-inch  common  steam-pipe.  The 
diameter  must  be  small  in  comparison  with  that  of  the  wheel  upon 
which  the  pipe  is  to  work,  otherwise  it  will  not  be  sutHciently  flexi- 
ble. It  is  necessary,  also,  that  the  pipe  be  rolled  or  very  carefully 
bent  to  the  required  curvature.     A  short  kink  will  so  localize  the 

*  Author's  closure,  under  the  Rules. 
53 


^26  NKW    FORMS   OF   FRICTION   BRAKES. 

pressure  of  tbe  band  on  the  wheel  as  to  cause  the  latter  to  wear 
awav  ra]Mtllv.  while,  if  the  band  is  once  carefully  formed,  there  is 
no  trouble  whatevei-. 

"Wooden  brake- wheels,  whether  for  pipe  or  for  sheet-steel  bands, 
should  present  an  unbroken  surface  to  the  band.  Jn  our  early 
experiments  we  used  a  split  pulley,  which,  after  being  bolted  up, 
presented  an  open  joint  across  the  face.  The  joint  was  not 
over  a  sixteenth  of  an  inch  in  width,  and  nothing  was  thought 
of  it  at  the  time.  But  after  running  a  heavy  load  on  the  brake 
for  four  or  five  hours,  we  had  fire  in  the  joint.  It  is  evident  that 
fine,  highly  heated  particles  of  dust  or  wood  found  lodgement 
in  the  joint,  and  these,  being  beyond  the  cooling  influence  of  the 
band,  communicated  their  heat  to  the  wood  with  which  they  were 
in  contact.  The  defect  was  remedied  by  closing  the  joint  with 
wedges  dipped  in  glue  and  well  driven  in.  Nail-holes  were 
phigged  in  the  same  way,  and  every  fault  in  the  face  of  the  pulley 
con-ected.     After  that  there  was  no  trouble  with  fire. 

We  have  found,  also,  that  all  wooden  wheels  should  be  well 
filled  with  heav}-  oil  or  grease. 
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DCXLVI.* 

PIPE-COVERING    TESTS. 

BT   GEORGE   M.    BRILL,    SYRACUSE,   N.    T. 

(Junior  Member  of  the  Society.) 

Data  may  be  found  in  several  of  the  engineers'  handbooks 
upon  the  condensation  of  steam  in  pipes  covered  with  various 
materials,  due  to  the  radiation  of  heat  into  the  surrounding  air. 
Perhaps  many  of  the  materials  mentioned  in  such  tables  were 
practicable  enough  at  the  time  the  experiments  were  made,  when 
steam  pressures  were  but  a  fraction  of  those  carried  now ;  but 
even  the  elaborate  series  reported  in  our  own  volumes  of  Trans- 
actions t  might  need  revision  to-day  with  the  present  require- 
ments of  pipe-coverings.  Much  of  such  data  results  from  trials 
of  small  pipes  and  short  lengths,  and  there  is  more  or  less  given 
without  a  word  of  explanation  regarding  the  conditions  under 
which  they  were  taken,  making  its  value  questionable.  Also  the 
wide  range  of  materials,  and  the  complicated  mixtures  used  at 
present,  prevent  the  making  of  any  accurate  deductions,  even 
with  full  data  concerning  the  values  of  the  well-known  non-con- 
ducting materials. 

Eeports  of  results  obtained  from  tests  of  pipe-coverings  may 
be  had  from  any  maker  or  dealer  in  this  line  of  goods.  But 
while  each  list  may  show  comparisons  of  practically  the  same 
coverings,  the  special  covering  sold  by  any  dealer  invariably 
stands  at  the  head,  is  said  to  be  from  20  per  cent,  to  50  per  cent, 
better  than  any  others,  and  statements  are  made  to  show  that 
the  coverings  sold  by  competitors  are  scarcely  worthy  of  consid- 
eration or  comparison.  With  such  directly  conflicting  and  con- 
tradictory data,  little  or  no  dependence  can  be  placed  upon  mauy 
of  the  results  published  in  this  manner,  and  one  is  at  a  loss  to 
know  which  is  the  most  efficient  and  economical,  if  not  possessed 

*  Prer<ented  at  the  Detroit  meeting  (June.  189."))  of  the  American  Society 
of  Mechanical  Engineer:*,  and  formintr  part  of  Volume  XVI.  of  the  Transactions. 

f  Transactions  of  the  American  Society  of  Mechanical  Engineers, ^o] .  II.,  Emery, 
p.  84,  No.  21  ;  Vol.-=.  V.  and  VI.,  Ordway,  No.  13o,  No.  145,  No.  164. 
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of  some  experience  in  the  use  of  various  coverings,  or  a  knowl- 
edge of  the  materials  forming  tbeir  composition,  and  their  relative 
non-conducting  values. 

In  view  of  these  facts,  it  was  decided  bv  the  Solvay  Process 
Company  to  make  a  series  of  tests  of  pipe-coverings,  and  deter- 
mine the  relative  non-conducting  values,  compare  original  costs, 
saving  due  to  covering,  cost  to  apply,  and  from  their  physical 
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Arrangement  of  Apparatus  for  Pipe  Covering  Tests. 
Fra.  236. 


and  chemical  compositions  form  some  idea  of  durability,  and, 
taking  all  the  features  into  (consideration,  determine  for  our- 
HplveH  which  is  the  most  economical  for  general  use. 

For  the  purposes  of  these  tests  about  60  feet  of  standard 
8-incli  wrought-iron  pipe,  coupled  together  in  order  to  make 
it  Hniooth  and  regular,  was  suspended  where  it  could  not  be 
Hul)jected  to  currents  of  air  iFig.  286).  In  order  to  get  the  steam 
as  dry  as  possiblf  it  was  sent  through  a  separator  on  its  way 
to  the  test-pipe,  and  in  the  short  connection  between  the  sep- 
arator and  thf-  ])ipe  was  placed  a  throttling  calorimeter.  The 
te»t-piiMi  had  an  inclination  of  1  foot  in  its  entire  length,  which 
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insured  drainage  of  all  the  water  of  condensation  to  the  lower 
€nd,  at  which  point  the  receiver  was  connected,  and  into  which 
the  water  gravitated  as  rapidly  as  formed.  The  water  was 
measured  in  this  receiver,  wliich  consisted  of  4  feet  of  12-inch 
pipe,  with  graduated  water-glasses  attached  near  the  top  and 
bottom.  The  same  volume  of  water  was  allowed  to  collect  each 
time,  was  measured  under  tlie  steam  pressure,  and  blown  from 
the  receiver  at  the  end  of  the  run.  A  careful  determination  was 
made  of  the  amount  of  water  collected,  by  weighing  the  same 
Tolume  while  cold,  and  correcting  for  difference  in  weight  due  to 
the  difference  in  temperature  for  the  respective  runs 

These  tests  were  made  upon  a  scale  large  enough — in  fact,  upon 
a  jDipe  of  the  size  and  length  which  is  very  common  in  the  aver- 
age power  plant — with  sufficient  care,  and  in  a  manner  to  insure 
accuracy  in  the  results  obtained,  and  are  consequenth'  of  some 
interest  and  value  to  all  users  of  steam — the  interests  of  the  user, 
not  the  maker  of  pipe- covering,  being  of  first  importance  in  these 
tests. 

The  method  of  testing  was  to  place  a  covering  upon  the  body 
of  the  pipe  in  a  w^orkmanlike  manner;  put  steam  pressure  upon 
the  pipe  for  some  time  before  commencing  a  run,  thus  being 
certain  that  the  covering  w^as  thoroughl]^  warmed,  or  dried,  if 
put  on  wet ;  allow  sufficient  water  to  be  formed  to  show  at  the 
zero  mark  on  the  receiver  water-glass,  and  note  time  of  begin- 
ning the  run.  As  the  steam  was  condensed  and  collected  in  the 
receiver  readings  were  taken  at  regular  intervals  of  the  temper- 
atures in  the  room  and  calorimeter ;  the  steam  pressure  was 
recorded  on  a  Bristol  gauge  and  checked  by  a  test  gauge  ;  the 
temperature  of  the  water  in  the  receiver  at  the  end  of  the  run 
was  obtained  from  5  thermometers  in  4^-inch  23ipes  of  different 
lengths,  reaching  down  from  the  top  flange,  so  placed  as  to 
give  the  temperatures  at  5  different  points  in  the  water.  The 
run  was  ended  and  time  noted  when  the  water  had  risen  30  inches 
in  the  receiver.  The  same  method  was  followed  in  tlie  case  of 
every  covering  tested.  Three  runs  were  made  with  each  —  more, 
if  for  any  reason  there  was  a  marked  difference  in  the  period  of 
time  required  to  fill  the  receiver  ;  thus  each  kind  of  covering  was 
given  the  same  opportunity  to  show  its  merits.  The  log  gives 
the  actual  figures  as  obtained,  and  Fig.  236  shows  the  arrange- 
ment of  piping  and  connections. 

As  stated  above,  the  l)ody  of  the  pipe  was  covered  witli  vari- 
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Oils  materials  ;  the  flantijes  at  the  ends,  the  receiver,  and  the  con- 
nections between  the  separator  and  the  test-pipe  and  between 
the  pipe  and  the  receiver  were  not  covered.  After  finishing  the 
tests  of  the  coverings  and  the  bare  pipe  the  flanges  were  removed 
from  the  test-pipe,  and  without  changing  any  of  the  connections, 
to  them  they  were  bolted  together,  and  pressure  was  thus  put 
upon  the  connections,  and  through  them  and  the  flanges  upon 
the  receiver.  The  rate  of  condensation  was  thus  determined  for 
all  the  uncovered  portions  of  the  system,  and  formed  a  correc- 
tion for  the  various  runs,  after  determining  the  pounds  of  dry 
steam  condensed  per  degree  difference  in  temperature  per  minute. 

The  slight  variations  in  the  steam  pressures,  room  tempera- 
tures, and  qualities  of  steam  are  all  taken  into  consideration  in 
working  up  the  data,  so  that  results  are  finally  given  upon  a 
basis  which  enables  direct  comparisons  to  be  made. 

The  following  coverings  were  tested  in  the  forms  as  usually 
a]>plied  to  8-inch  pipe.  Hair  Felt  was  tried,  not  only  alone, 
])ut  over  another  covering,  to  determine  the  saving  due  to  the 
combination,  and  whether  advisable  to  use  it  in  this  manner. 

Name.  Sold  by 

Magnesia Keasbey  &  Mattison,  Ambler,  Pa. 

Rock  Wool.  . .   New  York  Fire  Proof   Covering  Co.,  Nevir 

York. 

Mineral  Wool   Seacord  &  Dodson,  Batavia,  N,  Y. 

Asbestos  Fire  Felt H.  W.  Johns  Mfg.  Co.,  New  York. 

.Manville  Sectional Manville  Covering  Co.,  Milwaukee,  Wis. 

•Manville  Wool  Cement 

Hair  Felt H.  W.  Miller  &  Sons,  Philadelphia,  Pa. 

Champion  Mineral  Wool Chicago  Fire  Proof  Covering  Co.,  Chicago. 

111. 

Riley  Cement Riley  Brothers,  Tfoy,  N.  Y. 

Fossil  .Meal Fossil  Meal  Co.,  New  York. 

In  the  log  is  given,  under  Steam,  gauge  pressure,  temperature 
in  degrees  Fahr.,  and  quality,  as  shown  by  the  calorimeter  ;  under 
Temperature,  the  temperature  of  the  air  surrounding  the  pipe 
and  the  temperature  of  the  water  in  the  receiver  at  the  end  of 
the  run  ;  length  of  Runs  in  Minutes  ;  under  Pounds  of  Steam, 
the  weight  of  the  water  actually  collected  in  the  receiver,  and 
tlie  same  corrected  for  moisture,  as  shown  by  the  respective 
calorimeter  determinations.  The  average  data  obtained  during 
each  run  is  given,  and  also  the  average  of  the  runs.  lu  working 
out  the  results  the  latter  only  are  used. 
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LOG. 


1 

Steam. 

Temp. 

Pounds  of  Steam. 

KiNB  OP 

Length 

1     J<U11. 

i 

Covering. 

Press. 

Temp. 

Qual. 

i    Air. 

Water. 

1 

i       Wet. 

Dry. 

Bare  Pipe 

Ill 

344.7 

1 
97.8 

1  '^5 

322.7 

50 

1  109.26 

106.86 

112 

345.3 

97.8 

75 

321.3 

I  54 

109.36 

106.95 

110 

344.0 

!  97.6 

77 

322.7 

!  50 

109.26 

106.64 

109 

348.5 

i  97.7 

75 

321.8 

1  52 

109.32 

106.81 

Average 

110.5 

344.5 

97.7 

75.5 

322.3 

1  51.5 

109.30 

106.79 

Magnesia 

110 

344.1 

97.5 

66 

260.6 

'  231 

112.79 

109.97 

110 

344.1 

97.5 

70 

258.3 

^36 

112.94 

110.11 

no 

344.1 

96.6 

63 

259.7 

228 

112.83 

108.99 

Average 

110 

344.1 

97.2 

66.3 

258  8 

2:!1.7 

112.85 

109.69 

Rock  Wool 

no 

344.1 

97.8 

63 

249.8 

290 

n3.37 

110.88 

no 

344.1 

97.4 

63 

250.3 

286 

113.35 

110.40 

no 

344.1 

96.7 

63 

251.6 

280 

113.27 

109.53 

Average 

no 

344.1 

97.3 

63 

250.7 

285.3 

113.33 

110.27 

Mineral  Wool. .  . . 

no 

344.1 

96.8 

50 

254.7 

257 

113.12- 

109.50 

no 

344.1 

96.5 

04 

252.5 

273 

113.23 

109.26 

no 

344.1 

97.0 

61 

253.9 

264 

113.19 

109.79 

Average 

no 

344.1 

96.8 

58.3 

253.8 

264.7 

113.17 

109.52 

Fire  Felt 

111 

344.7 

97.4 

79 

264.2 

203 

112.56 

109.63 

111 

344.7 

97.6 

79 

263.5 

207 

112.65 

109  95 

111 

344.7 

97.4 

79 

263.7 

205 

112.61 

109.68 

Average 

111 

344  7 

97  5 

79 

263.7 

205 

112.61 

109.79 

Manville  Sect.  . .  . 

112 

345.3 

97.3 

79 

255.2 

255 

113.10 

110  05 

113 

345.9 

97.3 

75 

255.2 

255 

113.10 

110.05 

112 

345.3 

97.2 

81 

255.6 

254 

113.04 

109.87 

Average . .    . . 

112.3 

345.5 

97.3 

78.3 

255  2 

254.7 

113.08 

110.03 

Manv.    Sect,    and 

115 

347.1 

97.5 

73 

244.4 

330 

113.70 

110.86 

Hair  Felt 

no 

344.1 

97.4 

70 

245. 

320 

113.72 

110.76 

109 

343.5 

97.3 

73 

246.2 

316 

113.74 

110.67 

Average 

111.3 

344.9 

97.4 

72 

245.5 

322 

113.72 

110.76 

Manv.WoolCem't. 

109 

343.5 

97.1 

81 

254.3 

262 

113.15 

109.87 

109 

343.5 

97.1 

81 

254.7 

260 

113.10 

109.82 

no 

344.1 

97.1 

81 

254.7 

260 

113.10 

109.82 

Average 

109.03 

343.7 

97.1 

81 

254.5 

260.7 

113.12 

109.84 

Champ.  Min.  Wool 

114 

346.5 

96.7 

75 

254.3 

262 

113.15 

109.42 

112 

345.3 

96.7 

73 

254.3 

262 

113.15 

109.42 

114 

346.5 

96.1 

75 

254.1 

263 

113.15 

108.74 

Average 

113.3 

346.1 

96.5 

74.3 

254.3 

262.3 

113.15 

109.19 

Hair  Felt 

119 

349.5 

97.7 

68 

261.9 

217 

112.69 

110.10 

117 

348.3 

97.9 

70 

261.9 

216 

112.69 

no  32 

113 

347.1 

97.0 

69 

261.0 

220 

112.75 

109.37 

Average 

117 

348.3 

97.5 

69 

261.7 

217.7 

112.71 

109.89 

Riley  Cement.  .  .  . 

117 

348  3 

97.3 

75 

299.3 

ns 

110.62 

107.63 

117 

348.3 

97.4 

75 

296.6 

126 

110.74 

107.88 

115 

347.1 

97.5 

73 

296  2 

127 

110.79 

108.02 

Average 

116.3 

347.9 

97.4 

74.3 

297.1 

125.7 

110.72 

107.84 

Fossil  Meal 

116 

347.7 

97.5 

72 

295.2 

131 

110.85 

108.08 

117 

348.5 

97.6 

77 

294.4 

133 

110.91 

108.24 

112 

345.3 

97.6 

77 

293.5 

135 

110.91 

108.24 

Average 

115 

347.1 

97.6 

75.3 

204.4 

133 

110.89 

108.19 

Receiver  and  Con- 

nections  

116 

347.7 

97.5 

72.5 

222.8 

573 

114.89 

112.09 

SS2 
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Keforriiig  to  the  data  obtained  from  the  trial  of  the  receiver 
and  connections  it  is  seen  that  112.09  pounds  of  dry  steam  were 
condensed  durijig  the  rnn  of  57o  minutes,  which  gives  .1950 
])ounds  drv  steam  per  minute,  and  .0(t071075  pounds  of  dry 
steam  condensed,  due  to  the  receiver  and  connections  per  de- 
gree diflerence  in  temperature  per  minute.  Multiplying  this  by 
the  average  dilierence  in  temperature  of  the  steam  and  sur- 
rounding air  in  each  case,  and  this  by  the  duration  of  the  cor- 
resj)onding  run  in  minutes,  gives  the  pounds  of  dry  steam 
condensed  by  the  receiver  and  connections  during  the  various 
trials.  Tlie  pounds  of  steam  condensed  during  the  runs,  cor- 
rected by  these  amounts,  gives  the  dry  steam  actually  condensed 
by  the  radiation  of  heat  through  the  coverings.  Table  A 
shows  these  results. 

TABLE  A. 


Kinds  i»p  Covering. 


Dif.  in 

Temi)er- 

'  atiire  of 

I    Steam 

'  and  Air. 


Bau-  Pipe SG'^.S 

Ma^Miesia 277.8 

R'.<U  Wool 281.1 

Mine-al  Wool   285.8 

F\t('  Kelt 265.7 

Manviilf   Sectional 267.2 

ManvilleSf-ctionai  and  liair  Felt  272.9 

Manviije  Wool  (  VniHiit..    ....  262.7 

Cluimpion  .Mineral  W^ool 271.8 

Hair  Felt 279.53 

Kiley  ("eiiient 213.6 

FfwHil  Meal 271 .8 


Lencth 

of 

Run. 


51.5 

281.7 

285.8 

264.7 

205.0 

i  254.7 

;  322.0 

I  260.7 

i  262.3 

217.7 

128.7 

133.0 


Drt  Steam,  Condensed.     Pounds. 
Average  op  Runs. 


By 

Receiver 
and  Con- 
nections 


9. 

45. 
57. 
53. 
38. 
48. 
62. 
48. 
50. 
43. 
24. 
25. 


84 
75 
00 

t   I 

90 

•)( 

46 

18 
6? 
22 
05 
69 


Total. 


106.79 
109.69 
110,27 
109.50 
109.79 
110.03 
110.76 
109.84 
109.19 
109.89 
107.84 
108.19 


By 

Radiation 
Through 
Covering. 


96.95 

6:194 
53.27 
55.73 
70.89 
61.66 
48.30 
61.16 
58.52 
6(i.67 
83.79 
82.50 


J'erHour 

Throngli 

Covered 

Pipe. 


112.951 
16.558 
11.203 
12.632 
20.748 
14.525 
9.000 
14.076 
13.386 
18.375 
40.641 
37.218 


Table  B  shows  (1  i  the  pounds  of  steam  condensed  per  square 
foot  of  pi])e  surface  per  hour  tlirough  the  coverings  as  tested,  with  . 
the  Hliglitly differing  steam  pressures  and  (piali ties, and  room  tem- 
IM-nttiireH  ;  (2)  JVitisli  thermal  units  lost  per  hour  per  square  foot 
of  pipe  Kurfa(^  ;  di  the  same,  per  degn^e  difference  in  tempera- 
tare.  Having  readied  a  basis  upon  wliicli  to  make  comparisons, 
sbowH  (4i  the  British  thermal  units  h>st  per  hour  per  square  foot 
of  pipe  for  the  avtrmjr  differences  in  temperate--    .f  steam  and 


J 


PIFE-COVERING   TESTS. 


833 


room ;  (5)  the  pounds  of  steam  condensed  per  hour  per  square 
foot  of  pipe.  The  last  three  columns  and  all  the  results  follow- 
ing are  directly  comparable." 


TABLE  B. 


KixDs  OP  Covering. 


Pounds 

Steatn 

Con.  per 

Sq.  ft. 

per  Hour. 

Actual. 


B.  T.  U.  Transmitted  per  Hour,  j  Pounds 

Steam 
;  Cond'sed 

per  Sq. 
PerSq.  Ft.     Ft.  per 
Pipe.     Avg.      Hoar. 
Cond.s.        Average. 


Sq.  Ft.  of 

Pipe.  Act. 

Conds. 


Sq.  Ft.  of 
Pipe  per 
Dfo;.  Dif. 
in  Temp. 


Bare  Pipe 

Mao^nesia 

Rock  Wool 

^liiieral  Wool 

Fire  Felt 

Maiiville  Sectional 

Manville  Sectional  and  Hair  Felt 

Mauville  Wool  Cement  

Champion  Mineral  Wool 

Hair  Felt 

Riley  Cement 

Fossil  Meal 


,834-2  . 

.1223  i 

.0827  i 

.0933  I 

.1532  I 

.1073  I 
.0664 

.1039  I 

.0989  , 

.1057  ' 

.3001  ! 

.2747  ! 


727.339 

106.609 

72.090 

81.330 

133.468 

93.415 

57.841 

90.580 

86.063 

117.869 

260.757 

238.824 


2.7059 

.3838 
.2556 
.2846 
.5023 
.3496 
.2119 
.3448 
.3166 
.4220 
.9531 
.8787 


736.546 

104.470 

69.819 

77.468 

136.726 

95.161 

57.679 

93.855 

86.179 

114.868 

259.434 

239.182 


.8458 
.1200 
.0802 
.0890 
.1570 
.  1093 
.0662 
.107a 
.0990 
.1319 
.2979 
.2747 


From  the  last  two  columns  in  Table  B  are  derived  the  results 
shown  in  the  first  two  columns  of  Table  C  ;  the  third  column  fol- 
lows directly  from  the  second.  From  the  third,  the  savings  due 
to  the  various  coverings  per  100  square  feet  of  surface  per  year, 
can  be  obtained  the  saving  in  dollars  and  cents  for  any  price  of 
coal  and  cost  of  firing,  having  the  evaporative  power  of  the  coal. 
Using  12.44  as  the  price  of  coal,  and  adding  12  per  cent,  for  cost 
of  firing,  and  7  pounds  of  water  per  pound  of  coal  as  an  evap- 
orative figure,  derive  the  results  shown  in  column  four.  To 
give  a  definite  idea  of  the  meaning  of  100  square  feet  of  surface, 
Lave  appended,  in  column  five,  the  lengths  of  the  different  sizes 
of  pipe,  with  a  surface  equivalent  to  100  square  feet. 


"The  pipe  was  59  feet  11.6  inches  long:  when  hot;  circumference,  27.096 
inches;  the  exterior  surface  was  therefore  135.4  squ-tre  feet.  Average  pressure 
of  steam,  112  pounds  ;  average  difference  in  temperature  of  steam  and  room, 
272.2  degrees  Fahr. ;  average  latent  heat,  870.8  degrees  Fahr.;  thickness  of  pipe, 
.34  inches. 
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TABLE  C. 


Savings  Due 

TO  Coverings. 

No.  ft.  pipe  to 
100  sq.  It. 

Kinds  or  Coterixg. 

Per  Hr.  per  sq.  ft. 

pipe. 

Per  100  sq.  ft.  per 
Year. 

. 

B.  T.  U. 

Lbs. 
Steam. 

Lbs. 
Steam. 

S 

Feet. 

Size. 

Macii6sia 

631.986 
666.637 

658.988 
599.730 
641.295 
678.777 
642.601 
650.277 
621.588 
477.022 
497.274 

.7258 
.7656 
.7568 
.6888 
.7365 
.7796 
.7380 
.7468 
.7139 
.5479 
.5711 

635,801 
670,666 
662,957 
603,389 
645,174 
682,930 
646,488 
654,197 
625,376 
47M,960 
500,284 

110.83 
116.90 
115.55 
105.17 
112.45 
119.03 
112.68 
114.03 
109.(10 
83.66 
87.20 

290.5 
160.8 
109.5 
84.9 
68.7 
57.7 
44.3 
35.5 
29.9 
25.5 
22.5 

1  ins.- 

Kock  Wool 

Vlinerul  Wool 

2 
3 

Fire  Felt 

4 

Manville  Sectional 

5 

Maiiv.  Sect,  and  Hair  Felt.. 

Manville  Wool  Cement 

Cliampion  Miu,  Wool 

Hair  tVlt   

6 

8 
10 

12    ■ 

Rilev  (Vment 

14 

Fobbil  Meal 

16 

The  next  table,  D,  shows  the  ratio  of  heat  lost  through  the 
bare  pipe  to  that  lost  through  the  covered  pipe,  the  horse- 
power lost  both  per  100  square  feet  of  surface  and  per  60  feet  of 
8-1!! fh  pipe,  and  the  thicknesses  of  the  coverings,  as  determined 
whih^  on  the  pipe  by  calipering  in  numerous  places,  both  in  a 
vertical  and  horizontal  direction. 


TABLE   D. 


Kinds  op  Covering. 


Bare  Pif* 

Mfttm''Hin 

Hock  Wool 

.Min-rjil  Wool 

Fire  K»lt 

Manville  Sc'ciional 

Manv.  Sert.  and  Hair  Felt 
MHiiville  Wool  C«ment. ,, 

<  i  I  .Mill,  Wool 

II  

h  nt 

F.        ,  ai 


Ratios  of  heat 

lost.  Bare  to 

Covered  Pipe. 


100 

14.18^ 
9.48 
10.52 
IS.  56 
12.92 
7.83 
12.74 
11.70 
15  60 
35.22 
32.47 


H.  P.   LOST  THROUGH  COV- 

KKINGS  AT  30  I>BS.  WATER 

PER  H.  P.  PER  HOUR. 


100  sq.  ft. 


2.819 
.400 
.267 
.297 
.5  3 
.564 
.221 
.359 
.330 
.439 
.993 
.916 


60  ft.  8-in. 
Pil)e. 


3.820 
.542 

.362 
.402 
.709 
.494 
.299 
.487 
.447 
.596 
1.345 
1.232 


Tliickness 

of 
Covering. 

Inches. 


1.25 

1.60 

1.30 

1.30 

1.70 

2.40 

2.20 

1.44 

.82 

.75 

.75 
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The  savings  shown  in  columns  three  and  four  of  Table  C  are 
per  year  and  per  100  square  feet,  that  unit  being  used,  since  it 
is  a  convenient  figure  for  a  basis  from  which  to  obtain  the 
savings  for  any  surface.  In  Table  E  the  surface  which  we  had 
in  the  actual  case  tried,  practically  60  feet  of  8-inch  pipe,  is 
used  for  a  basis,  as  a  record  was  kept  of  the  cost  of  applying 
this  amount  of  each  kind  of  covering.  Probably  these  figures 
would  hold  true  per  unit  of  length  for  the  same  size  of  pipe,  and 
they  should  not  vary  much  per  square  foot  of  surface  for  any 
size  of  pipe.  All  the  coverings  were  not  applied  by  the  same 
men,  but  men  were  selected,  as  far  as  practicable,  who  were 
best  qualified  to  do  the  work. 

The  cost  prices  of  the  different  makes  are  shown  in  the  table, 
also  cost  applied. 

TABLE    E. 


Kinds  of  Covt:ring. 

Cost  to 
apply  60  ft. 
of  Covering. 

Cost  of  60  ft. 
of  Covering. 

Cost  of  60  ft. 
Applied. 

Gross  saving 
in  one  year 
dut;  to  (jO  fr. 
of  Covering, 

Mairiiesia 

Rock\V....l 

Mineial  Wool 

$1.92 
2.02 
2.34 
2.10 
8.21 
5.96 

17.06 
2.85 
3.00 

20.00 

12.75 

$31.95 
27.60 
21.00 
29.70 
29.35 
34.60 
25.50 
16.02 
10.50 
8.71 
21.45 

$33.87 
29.62 
23.34 
31.80 
32.56 
40.56 
42.56 
18.87 
13.50 
28.71 
34.20 

S150.14 
158.38 
156.55 

Fire  Feit 

Mauville  Sectional 

Manv.  Sect,  and  Hair  Felt 

^lanville   \N  ool    Cement 

142.48 
152.35 
161.26 
152.66 

('hfirEpion  Min.  Wool 

Hair  Felt 

154.49 
147.67 

llilev  Cement 

113.34 

Fo.-i.si  1  Meal 

118.14 

From  the  costs  of  covering  applied  and  the  gross  savings  due 
to  the  coverings  we  have  sought  to  derive  some  absolute  compari- 
son of  economies  due  to  the  use  of  the  various  coverings.  To 
divide  the  savings  for  one  year  by  the  cost  applied  gives  the 
saving  per  year  in  dollars  for  one  dollar  invested,  or  to  divide 
the  cost  applied  by  the  saving  for  one  year  gives  the  percentage 
of  one  year  necessary  for  the  covering  to  pay  for  itself.  While 
tliese  figures  are  o'^  some  interest  they  are  deceptive,  and  for  that 
reason  not  given.  They  are  deceptive  in  that  the  first  cost 
would  thus  be  used  as  if  of  equal  importance  with  the  efficiency 
•of  the  covering,  which  in  reality  is  not  the  case  ;  some  of  the 
coverings  which  have  a  low  first  cost  and  low  efficiency  would 
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thu.  .tan.l  as  hi^h  in  dollars  saved  per  dollar  invested  as  a  .nuclr 
better  covering  which  happened  to  cost  proportionately  move. 
S  firit  cost  is  to  W  paid  but  once,  after  which  there  is  but  he. 
interest  to  be  met,  and  perhaps  something  for  repairs,  while  the 
cfficiencv  of  the  covering,  be  it  high  or  low,  has  a  contmuaL 
eftH-t  during  its  life  and  good  repair.     We  liave,  therefore,  made 

a  table  shotviug  the  net  saving  due  *«  f -. --f"^'^' ";^^tl 
for  the    first  vear  the  net   saving,  as  obtained  from   the   tests_ 
ttsiu.   for  th;   cost  of  coal  $'2.4i,  and   adding   12  per   cent  of 
the  co.t  of   the   coal  to  include  labor,  with  7  pounds   of   dry 
steam  evaporated  per  pound  of  coal  burned),  which  is  the  saving 
shown  in  Table  E,  minus  the  cost  of  the  covering  applied  to  the 
nine      For    the    succeeding   years   the   saving   would   be  once,. 
Lice,  thrice,  etc.,  the  gross  saving,  added  to  this.     Figures  are 
.iveu  in  Table  F  for  seven  years,  and  a  graphical  representat  on 
of  then,  is  appended. Fig.  237),  as  is  also  a  representation  of  the 
savin.'  in  pounds  <.f  dry  steam  per  year  per  100  square  feet  of 
surfaii  due  to  the  different  coverings  in  which  no  account  is 
taken  of  the  costs  ( Fig.  238> 
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TABLE    F. 
Net  Saving  Due  to  Covering  for  Successive  Years. 


1 


6 


I        I 

Magnesia '  116.27 

Rock  Wool I  1-J8.7f) 

Mineral  Wool 13^.21 

Fire  Felt ^    ..."  110.68 

Manville  Sectional 119.79 

Manv.  Sect.  &  Hair  Felt.'  120. 7() 
Manv.  Wool  Cement.  .  .!  110.10 
Champ.  Min.  Wool . . . ,;  135.62 

Hair  Felt 134.17 

Rilev  Cement    i     84.63 

Fossil  Meal.   83.94 


266.41 
2H7.14 
289.76 
2")3.16 
27-M4 
281.96 
262.76 
290.11 
-81.84 
197.97 
202.08 


$ 
416.00 
445.52 
446.31 
395.64 
424.49 
443.V2 
415.42 
444.60 
429.51 
311.31 
320.22 


566.69 
603.90 
602.86 
538.12 
576.84 
604.48 
568.08 
599.09 
577.18 
420  65 
438.36 


716.83 
762.28 
759.41 
680.60 
729.19 
765.74 
720.74 
753.58 
724.85 
537.99 
556.50 


866.97 
920.66 
915.96 
823.08 
881.54 
927.00 
873.40 
90S.  07 
872.52 
651.33 
674.64 


I 

1017.11 

1079.04 

1072.51 

965.56 

103:1.89 

1('88.26 

10J6  ()6 

1(62.56 

11  20.19 

764.  (i7 

792.78 


Of  course  it  is  understood  that  these  figures  are  made  with 
the  assumption  that  the  coverings  woukl  remain  in  good  con- 
dition. This  leads  to  the  consideration  of  durability,  concern- 
ing which  it  is  difficult  to    make    any  definite    determinations 


Million  rounds. 

Fig.  238. 
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sliowiii**-  relative  values,  as  so  many  elements  must  be  considered. 
^\^'  could  determine  tlie  action  of  high  temperature  for  a  short 
j)ori(Hl,  but  in  practice  the  element  of  time  enters,  and  brings 
nc^t  tnilv  heat  but  cold  ;  that  is,  changes  of  temperature,  and  the 
consequent  contractions  and  expansions,  moisture,  vibrations 
( wliich  alone  are  extremely  injurious),  acids  and  alkalies,  all  work- 
ing against  the  life  and  efficiency  of  any  covering.  It  is  largely 
due  to  their  physical  composition  that  some  are  more  durable 
than  others ;  the  effects  of  chemical  composition  and  of  the 
physical  composition  to  some  extent,  together  with  the  thick- 
ness, are  involved  in  the  non-conducting  properties. 

Before  commenting  on  the  meaning  of  the  figures  in  Table  F 
it  mav  be  well  to  say  a  few  words  descriptive  of  the  coverings, 
in  order  that  their  make-up  may  be  understood,  if  not  already 
familiar,  and  remarks  concerning  their  apparent  relative  dura- 
bilities have  more  meaning.  The  Magnesia,  Eock  Wool,  both 
makes  of  Mineral  Wool,  Fire  Felt,  and  Manville  Sectional  came 
in  sections  ready  for  use  upon  an  8-inch  pipe ;  the  Hair 
Felt  came  in  squares,  and  was  cut  to  the  proper  wddth  to  wrap 
about  the  pipe  without  lap  ;  the  Manville  Wool  Cement  (in  two 
layers  I ;  the  Riley  Cement  and  the  Fossil  Meal  came  in  a  loose 
condition,  and  were  mixed  with  Avater  and  applied  while  wet. 
In  the  cases  of  the  Magnesia,  Fire  Felt,  Manville  Sectional,  the 
combination  of  Manville  Sectional  and  Hair  Felt,  Manville 
Wool  Cement,  Riley  Cement,  and  Fossil  Meal  the  body  of  the 
covering  came  directly  against  the  pipe,  while  with  the  Rock 
Wool,  both  kinds  of  Mineral  Wool,  and  Hair  Felt  there  was  a 
lining  of  asbestos  paper  beneath  them,  about  as  thick  as  ordinary 
blotting-paper,  exce])t  the  last,  under  which  it  was  perhaps  twice 
that  thickness.  The  Magnesia,  Fire  Felt,  Manville  Sectional, 
and  Manville  Wool  Cement  had  simply  a  jacket  of  canvas  sur- 
rounding them,  while  the  Rock  Wool  and  both  makes  of  Mineral 
Wool  had  a  similar  jacket  with  straw  board  under  it.  The  Hair 
Felt,  both  when  used  alone  and  over  the  other  covering,  Riley 
Cement,  and  P'ossil  ^Vfeal  were  surrounded  by  no  jacket  what- 
ever. 

Mc  ii..tic<.(l  ;i  tendency  to  sag  in  both  makes  of  MinerrJ  Wool 
and  th«'  Rock  Wool.  From  the  nature  of  the  material  and  the 
way  it  waH  necessarily  made  up,  in  what  amounts  to  two  concen- 
tnc  tal>eH,  it  is  difficult  to  prevent  its  sagging  and  getting  in  a 
bad  and  inefficient  condition.     For  even  if  applied  more  securely 
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tlian  the  needs  of  our  work  required,  when  it  was  left  upon  the 
pipe  but  a  short  tiin  ,  there  is  little  to  prevent  the  wool  from 
gradually  working  to  the  under  side  of  the  pipe,  thus  leaving  but 
the  thickness  of  the  tubes  to  cover  the  upper  portion,  where, 
to  be  most  efficient,  the  covering  should  be,  if  anything,  a  trifle 
thicker  than  on  the  under  side.  This  action  would  surely  be 
rapid  and  disintegration  certain  where  any  vibrations  exist. 
Our  experience  leads  us  to  think  there  is  but  little  difference  in 
the  durability  of  Riley  Cement  and  Fossil  Meal,  and  would  class 
neither  among  the  most  durable  ;  but  upon  that  list  would  place 
the  remaining  ones.  Magnesia,  Fire  Felt,  Manville  Sectional,  and 
Manville  Wool  Cement,  with  little,  if  any,  choice  as  to  arrangement. 
The  durability  of  Hair  Felt  is  questionable,  and  depends  largely 
upon  the  temperature  to  which  it  is  subjected,  and  how  thoroughly 
it  can  be  protected  from  moisture.  It  would  certainly  need  to 
be  thoroughly  covered  and  painted  so  as  not  to  absorb  moisture 
from  the  outside  and  thus  become  matted  and  soggy.  It  would 
be  necessary  to  line  it  well  with  some  non-combustible  material  to 
make  it  most  efficient  and  durable. 

Referring  to  the  chart  made  from  the  figures  showing  the  sav- 
ings in  dollars  and  cents  for  the  successive  years  (Fig.  237),  the 
values  of  the  different  coverings  are  readily  seen  when  under 
consideration  as  non-conductors.  Assuming  a  first-class  cover- 
ing to  have  a  life  of  at  least  five  years,  we  see  at  the  five-year 
line  they  stand  in  saving  value  in  the  following  order  :  Manville 
Sectional  and  Hair  Felt,  Eock  Wool,  Mineral  Wool,  Champion 
Mineral  Wool,  Manville  Sectional,  Manville  Wool  Cement,  Hair 
Felt,  Magnesia,  Fire  Felt,  Fossil  Meal,  and  Riley  Cement.  This 
same  order  holds  good  at  the  end  of  six  years,  except  that  Hair 
Felt  and  Manville  Wool  Cement  are  then  practically  the  same, 
and  beyond  which  they  change  places.  However,  lack  of  dura- 
bility would  doubtless  exclude  Rock  Wool  and  the  Mineral 
Wools  from  this  list  long  before  five  years  had  passed.  We  think 
they  might  be  made  more  duralde  by  quilting  the  wool,  or  some 
similar  process,  using  asbestos  fibre  or  another  non-combustible 
material.  If  we  drop  those  just  mentioned  from  the  list  as 
lacking  durability,  Riley  Cement  and  Fossil  Meal  because  of 
evident  ineffi-ciency,  and  the  questionable  Hair  Felt,  there 
remains  the  combination  of  Hair  Felt  over  another  good  cover- 
ing, which  seems  desirable  unless  the  increased  thickness  makes 
it   too    clumsy ;    Manville    Sectional,    Manville    Wool    Cement, 
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"Ma«niesia,  aiul  Fire  Felt.  AVitli  no  data  regarding  durability  ta 
ortset  the  results  obtained  from  tlie  tests  for  non-conducting 
values,  they  arrange  themselves  in  the  order  just  given. 

The  specific  gravity  and  weight  per  lineal  foot  are  shown  iii 
Table  G,  and  the  analyses  in  Table  H. 


TABLE    G. 


^ 

Sp.  Gr. 

Wt   per  Ft. 

MagTiPsia . 

.215 
.248 
.194 
.284 
.378 
.290 
.471 
.266 
.207 
1.515 
.575 

3.63 

Hoi  k  Wool      

5.53 

Mineral  Wool 

3.42 

Fi  re  Felt                    

4.99 

Manville  Sectional      

9.04 

M.nnville  Sectional  and  Hair  Felt 

NIanville  Wool  ( 'euient 

12.38 

15.28 

<  hatnpiou  Miiieial  Wool   

5.25 

Hair  Felt   

2.06 

Hiley  Cement 

14.50 

Fo.s.<il  Meal 

5.50 

TABLE  H. 

The  approximate  composition  or  material  of  which  the  covering  is  made  is  first 
given,  then  tlie  analysi.s  of  eacli,  with  the  acids  and  bases  separate,  it  being  ini- 
)>osbible  in  s<Mne  cases  to  state  the  exact  combination  between  bases  and  acids 
prewrDt 


.Ma^n»-.-ia Asbestos,  ( •alcium,   and  Magnesium  carbo- 
nates. 

Hork  Wool Mineral  Wool. 

Mineml  Wool Mineral  Wool. 

Fire  Fell Asbestos. 

Manville  Sectional : 

''•"ide Asb(*stos  and  Calcinm  sulphate. 

<>«'>*ide Pap.M-  and  a  little  Silica. 

Manville  W.mjI  Cement: 

^'•''de Hag  fibre  and  Silicates. 

* '   '-ide Short  wool.  Vegetable  fil)re,  and  Silica. 

Hair  r «  Coarse  hair. 

Champion  .Mineral  WfH*l Min«Mal  Wool. 

Kiley  Cem»-ni Vegetable  fibre  and  lime. 

Fowjil  Meal Hair  and  Silica. 
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The  complete  analysis  of  each  covering  is  as  follows 


Moisture  at  100' C 

Organic  Matter 

Silica 

Iron  and  Alumina  Oxides. 

Lime  (C'aO) 

Magnesia  (MgO) 

Carbonic  Acid  (COo) 

Sul])liurous  Acid  (SO3).  .  . 


Magnesia. 


6.62 

7.74 
5.43 
2 .  55 
2.47 
41.18 
32.40 
3.05 


Kock  Wool.     '  Mineral  Wool. 


.00 

.00 
43.48 
11.95 
23.96 

18.24 

.00 

4.67 


.00 
.00 

48.62 
9.20 

24.10 


r 


,26 
00 
,75 


Fire  Felt, 

.16 

11.00 

38.18 

9.56 

.10 

55 

.00 

3.60 


37 


Maxville  Sectional. 

Manville  Wool  Cement. 

Inside . 

Outside. 

Inside. 

Outside. 

Moisture  at  100°  C 

Oro"anic  Matter 

4.00 

2.75 
21.14 

2.21 
27.67 

1.55 

.00 

40.88 

3.63 

88.54 

3.74 

1.04 

1.96 

.09 

.56 

.57 

3.60 
17.51 
43.70 
12.40 
10.90 

5.25 
.00 

8.36 

4.07 
39.80 

Silica 

Iron  and  Alumina  Oxides. 

l-irae  (CaO) 

Mfignesia  (MgO)   

Carbonic  Acid  (CO2) 

Sulphurous  Acid  (SO3).  .  .  . 

50.68 

2.81 

1.01 

.12 

.00 

.00 

Hair  Felt. 


Moisture  at  100'  C 5.55 

Organic  Matter {  90.85 

Silica I  .11 

lion  and  Alumina  Oxides..'  .28 

Lime  iCaO) 2.33 

Magnesia  (MsfO) 1  .21 

Carbonic  Acid  (( 'Oo) 3 . 75 

Sulphurous  Acid  (SO3) .00 


Champ. 
Min.  Wool. 


.07 

.00 
35.92 
22.17 

41.86 

2.98 

.00 

.00 


Rilev  Cement.      Fossil  Meal. 


.90 

30.10 

7.9-> 

4.07 

.00.56 

.05 

.00 

.00 


1.7S 

10.02 

85.43 

1.78 

.33 

.13 

.00 

.00 


One  feature  whicli  the  results  of  these  tests  emphasize  is  the 
small  differences  between  the  savings  effected  by  the  coverings- 
Using  the  results  as  shown  on  the  diagram  of  pounds  of  dry 
steam  saved  per  year,  and  representing  the  best  covering  arbi- 
trarily by  100,  the  others  have  the  following  relative  values  : 
54 
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Manvillo  Sectional  and  Hair  Felt 100. 

Kmk  Wool 98.20 

Mineral  Wool 97.07 

Champion  Mineral  Wool 95. 79 

Manvilie  Wool  Cement 94.66 

Manville  Sectional 94.47            ^ 

Mag-nesia 93 .  10 

Hair  Felt 91 .  57 

Fire  Felt 88.35 

Fossil  xMeal 73.26 

Riley  Cement 70.28 

The  results  obtained  from  these  tests  show  conclusively  that 
tliere  are  no  such  differences  in  the  efficiency  of  these  coverings 
as  non-conductors  as  have  been  frequently  stated  in  advertising 
literature. 

It  is  not  in  the  scope  of  this  paper  to  determine  or  state  the 
effects  of  the  chemical  components  of  the  different  coverings 
uj)()u  the  pipe  covered.  The  presence  of  sulphur  in  the  best 
coverings,  and  its  recognized  injurious  effects,*  makes  it  imper- 
ative that  moisture  must  be  kept  from  the  coverings,  for  if  pres- 
ent, it  will  surely  combine  with  the  sulphur,  thus  making  it  active. 
This  could  be  stated  in  other  words,  Keep  the  pipes  and  cover- 
imj  in  (Jo<hI  repair.  Much  of  the  inefficiency  of  coverings  is  due 
to  tlie  lack  of  attention  given  them  ;  they  are  often  seen  hanging 
loosely  from  the  pipe  which  they  are  supposed  to  protect.  The 
writer  is  thoroughly  convinced  that  all  coverings  should  be 
lc>oked  after  at  least  once  a  year,  and  given  necessary  repairs, 
refitted  to  the  pipe,  the  spaces  due  to  shrinkage  taken  up,  for  lit- 
tle can  be  expected  from  tlie  best  non-conductors  if  they  are 
alh)wed  to  })ecome  saturated  with  w^ater,  or  if  air  currents  are 
])fMiiiitted  to  circulate  between  them  and  the  pipe.  It  would  be 
interesting  to  know  wliat  chemical  composition  is  most  efficient, 
but  the  varying  thicknesses  in  wliich  the  coverings  tested  are 
HoM  prevent  any  definite  conclusions  in  that  direction  from  this 
t*»«t,  which  in  its  intents  is  but  a  commercial  one.  Tlie  writer 
h()]H'H  tliat  the  chemical  analyses  given  may  lead  to  some  discus- 
Kif>n  nH  to  the  effects  of  the  presence  of  the  components  upon  the 
V."  eovered  wlien  moistuie  is  f)resent.  Kecognizing  in  this  sub- 
;•  1  ;i  lar^'e  field  for  a  further  investigation  of  interest,  he  is  at 
prenent,  at  least,  o])liged  to  leave  it  as  a  commercial  test,  hoping 
an  Hiich  it  may  prove  to  be  of  some  general  interest  and  value. 
TrnuMctions  A.  S.  M.  E.,  vol.  iii.,  HuTTON,  No.  72. 
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DISCUSSION. 


Mr.  A.  F.  Nagle. — I  wish  to  express  my  grateful  appreciation 
of  the  value  of  the  experimental  data  given  in  this  paper.  There 
are,  however,  a  few  omissions,  which  the  author  no  doubt  can 
supply,  and  I  trust  he  will  add  to  his  paper  before  final  publica- 
tion. 

It  is  said  that  the  experimental  pipe  (60  feet  in  length)  "  was 
suspended  where  it  could  not  be  subjected  to  currents  of  air."  Is 
this  literally  true  ?  If  the  air  was  not  changed  it  would  have 
increased  in  temperature  during  the  test,  unless  the  room  was  of 
very  great  magnitude.  I  therefore  ask,  What  was  the  size  of  the 
room  in  which  the  pipe  was  suspended?  In  what  pait  of  the  room 
was  the  pipe  located  ?  And  where  was  the  thermometer  located 
which  gave  the  readings  recorded  in  the  paper  ?  Was  the  location 
of  the  thermometer  such  as  to  make  it  free  from  the  radiated 
heat  of  the  pipe  ? 

What  was  the  temperature  of  the  outside  atmosphere  at  the 
time  of  the  tests  ? 

Air  currents  seriously  affect  the  rate  of  condensation  in  pipes, 
and,  while  the  author  states  there  were  none,  the  different  results 
obtained  indicate  that  there  must  have  been  air  currents.  Look, 
for  example,  at  the  four  tests  made  on  the  bare  pipe.  The  first 
test  was  made  in  50  minutes,  and  the  second  in  5^  minutes,  a 
difference  of  8  per  cent,  in  time,  and  yet  substantially  the  same 
weight  of  steam  was  condensed  during  the  two  tests.  I  give  the 
author  credit  for  careful  work,  and  hence  I  see  nothing  in  the  data 
contained  in  the  table  which  would  account  for  such  discrepancy 
ot*  time  except  outside  conditions.  If  the  outside  conditions  had 
been  the  same,  and  it  is  so  given  in  the  table,  the  second  test 
should  have  given  115.41  pounds  of  dry  steam  condensed  instead 
of  106.95  ])ounds. 

A  careful  examination  of  the  table  will  show  these  discrepancies 
to  exist  throughout,  and  they  can  be  accounted  for  only  upon  the 
supposition  I  have  named. 

In  the  experimental  apparatus,  the  author  provided  five  ther- 
mometers for  ascertaining  the  exact  temperatures  of  the  condensed 
water  at  five  different  depths  of  the  receiving  tank.  Will  he 
kindly  give  those  readings,  as  he  has  thus  far  given  only  the 
average  results  ? 
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Qi(aJifij  of  Steam. 

AVhat  was  the  size  of  the  steam-pipe  supplying  the  8-inch  test- 
pipe?  If  it  were  1-inch,  then  the  velocity  of  the  steam  in  said 
1-inch  pipe,  when  the  bare  pipe  was  tested,  was  only  about  23  feet 
per  second,  and  when  the  rock  wool  was  under  trial  the  velocity 
was  only  about  2.20  feet  per  second,  and  yet  in  each  case  the 
4]u;ilitv  of  the  steam  is  given  at  about  97.8  per  cent,  of  being  dry. 

Throughout  the  trials  the  quality  of  steam  is  given  almost  in- 
variably at  about  97.0  per  cent.,  regardless  of  the  velocity  of  the 
steam,  and  after  passing  through  a  settling  chamber  or  separator. 
This  does  not  appear  to  be  reasonable,  and  perhaps  Mr.  Barrus,  or 
some  other  expert  in  steam  calorimetry,  can  explain  this  phe- 
uomenou. 

I  will,  however,  suggest  this  myself:  Was  not  the  pipe  so  large 
ill  comparison  with  the  supply-pipe  to  the  test-pipe  that  the  ve- 
locity created  in  the  sup))ly-pipe  during  the  calorimeter  test  was 
so  great  as  to  actually  produce  wet  steam,  so  that  when  the  calo- 
rimeter was  shut  off,  dry  steam  was  really  furnished  to  the  test- 
pipe?  Usually  calorimeter  pipes  are  taken  out  of  large  pipes,  and 
hence  the  velocity  produced  in  them  by  the  flow  to  the  calorimeter 
is  small ;  but  in  this  case  that  proportion  does  not  seem  to  exist, 
and  hence  I  am  inclined  to  think  an  error  has  crept  in. 

Mr.  F.  If.  Taylor. — I  have  read  Mr.  Brill's  paper  with  a  great 
deal  of  interest,  and  feel  that  he  has  made  a  valuable  contribution 
to  the  literature  on  pipe  covering.  His  tests,  so  far  as  they  have 
been  described,  seem  to  have  been  impartially  made,  and  they 
are  on  a  sufficiently  large  scale  to  eliminate  many  errors  which 
are  liable  t(3  occur  with  similar  experiments,  which  partake  more 
of  the  nature  of  laboratory  work.  The  thorough  manner  in  which 
the  results  of  the  test  are  worked  up  is  especially  to  be  com- 
mended. Most  of  us  engineers  are  either  so  lazy  or  so  busy  that 
uuhtsH  the  subject  is  one  of  great  importance,  and  is  placed  before 
11K  very  clearly,  and  in  exactly  the  form  in  which  we  wish  to  use 
it,  we  are  a[)t  to  do  some  pretty  tall  guessing  instead  of  doing  the 
few  hours  of  figuring  required  to  properly  use  much  data  which  is 
va]nal)le,  but  \vA  thr^roughly  worked  out.  Mr.  Brill  has,  however, 
thoronghly  worked  uj)  tin;  subj(;ct  from  so  many  different  ])()ints 
of  view  tliat  it  seems  as  if  his  ])aper  should  be  extensively  referred 
to  in  th*-  future. 

M  Idle  the  «-  ving  in  dollars  and  cents  per  year  through  the 
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use  of  different  styles  of  pipe  covering  is  a  matter  of  mucli  interest, 
«till,  the  question  which  is  most  frequently  asked  is  not,  How  much 
€an  I  save  through  the  use  of  pipe  covering  ?  but,  What  is,  on 
the  whole,  the  best  covering  to  adopt  ? 

On  this  point  Mr.  Brill  has,  I  thick,  arrived  at  the  same  conclu- 
i>ion  as  Professor  Ordway,  who  made  a  very  thorough  and  exhaust- 
ive course  of  tests  some  years  ago,  for  the  Massachusetts  Insti- 
tute of  Technology,  namely,  that  hair  felt,  when  put  on  the 
outside  of  another  pipe  covering,  so  as  to  be  joroperly  protected 
from  close  contact  with  the  steam-pipe,  is  the  best  non-conductor 
and  the  cheapest  covering  to  use  in  the  long  run.  In  arriviug  at  a 
-determination  of  which  is  the  best  covering  to  use,  however,  I  think 
the  chief  consideration,  after  narrowing  down  to  the  coverings  that 
are  really  efficient  non-conductors,  is,  Which  coveriug  will  be  the 
most  durable  ?  That  is,  at  the  end  of  five  years,  which  covering  will 
remain  in  the  best  repair,  and  will,  at  the  end  of  that  time,  prove 
to  be  the  best  non-conductor  ?  This  question  of  durability,  with- 
out requiring  repairs  or  attention  of  any  kind,  is  particularly 
important  for  most  of  our  large  manufacturing  establishments,  in 
which  the  cheap  generation  and  use  of  steam  is  not  one  of  the 
vital  elements  of  the  business,  and  in  which  the  energy  of  the 
management  has  to  be  centred  on  the  more  intricate  problems  of 
how  to  manufacture  cheaply  and  well.  In  such  establishments, 
the  managers  usually  want  to  settle,  if  possible,  once  for  all  such 
unimportant  details  as  pipe  covering,  so  as  not  to  have  to  bother 
with  them  again  for  years  to  come. 

In  experiments  such  as  Mr.  Brill's,  this  question  of  durability 
(the  most  important  of  all)  can,  of  course,  not  be  thoroughly  dealt 
with  ;  it  can,  at  best,  be  looked  at  from  a  partially  theoretical 
standpoint. 

It  is  on  this  point  that  I  have  some  practical  data  to  ])resent  to 
the  Society. 

After  studying  Professor  Ordway 's  experiments,  some  nine 
years  ago,  I  arrived  at  the  conclusion  that  the  best  solution  of  the 
piipe-covering  problem  lay  in  finding  the  proper  material  to  insert 
between  the  pipe  and  hair  felt,  so  as  to  prevent  the  latter  from 
becoming  charred  under  the  action  of  heat.  After  about  a  year 
and  a  half  of  experimenting,  I  settled  upon  three-quarters  inch  of 
fossil  meal  with  one  inch  of  hair  felt  outside  of  it,  as,  on  the  whole, 
the  best.  I  found  that  neither  five-eighths  inch  of  asbestos  felt 
nor  three-eighths  inch  of  fossil  meal  were  sufficient  to  prevent  hair 
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felt  from  charring,  but  that  three-quarters  inch  of  fossil  meal 
would  accoin}>lis]i  this  object.  Hair  felt  without  any  protection 
between  it  and  the  pipe  would  crumble  away,  where  it  came  in 
ck>se  contact  with  the  top  of  the  pipe,  in  about  three  years.  And 
long  before  this  time  the  lower  part  of  the  hair  felt  would  sag  away 
from  the  pipe,  so  as  to  leave  an  air  space  betw^een  it  andthepipe^ 
which,  of  course,  ruins  its  value  as  a  pipe  covering. 

j\[y  reason  for  going  into  the  question  of  pipe  covering  so  thor- 
ouf^hlv  jit  this  time  was  that  I  was  then  chief  eni]^ineer  of  the 
Midvale  Steel  Company,  and  they  were  about  to  put  in  a  new 
main  steam-j»ipe,  the  old  pipe  being  entirely  abandoned,  and  a 
verv  much  enlarged  one  being  substituted  throughout  the  works. 
This  pipe  when  it  was  put  in  was  unusually  large,  starting 
at  24  inches  in  diameter  and  gradually  reducing  as  it  prog- 
ressed throughout  the  works,  until  it  finally  was  only  about  6  inches 
in  diameter.  It  was  suspended  from  the  roofs  of  the  buildings  by 
long  rods,  so  that  it  was  practically  free  to  expand  and  contract 
in  whichever  direction  it  could  go  with  the  least  strain.  No 
expansion  joints  or  copper  connections  of  any  kind  were  used ;  at 
intervals,  however,  the  pipe  turned  off  at  right  angles  so  as  to  pro- 
vide, in  the  lateral  bending  of  the  long  lines,  for  the  expansion 
and  contraction,  which  is  always  more  or  less  difficult  to  take 
care  of.  This  pipe  was  covered  throughout  with  the  following 
covering  : 

First.  Fossil  meal,  three-cpiarters  inch  thick.  This  w^as  applied 
in  four  layers,  the  first  being  merely  awash  of  fossil  meal  painted 
on  to  the  pipe  with  a  brush  and  allowed  to  dry  ;  then  a  layer  of 
fossil  meal  in  the  form  of  mud  was  spread  on  to  the  pipe  wdth 
the  band  to  a  thickness  of  one-quarter  inch.  This  was  again 
allowed  to  become  thoroughly  dried,  the  steam  being  on  the  pipe 
all  of  the  time,  and  a  second  and  third  layer  of  fossil  meal  were  put 
on  in  the  same  way. 

Second. — A  layer  of  hair  felt  an  inch  thick  was  tightly  bound 
with  strong  twine  around  the  outside  of  the  fossil  meal,  the  twine 
being  wrapj)ed  close  enough  together  and  ^sufficiently  tight  to 
inKiire  a  very  close  and  permanent  contact  between  the  hair  felt 
and  fossil  meal. 

7/itnJ.  A   layer    of    resin-sized  paper  was  tightly  bound  with 
twine  on  the  outside  of  the  hair  felt. 

Fourth.  A  covering  of  canvas  was  sewed  together  outside  of 
the  reftin-nized  paper. 
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Fifth. — This  canvas  was  thoroughly  painted  with  two  coats  of 
iron  oxide  paint,  and  this  is  by  no  means  the  least  important  of 
the  elements  of  the  covering. 

A  few  days  since,  while  in  Philadelphia,  I  examined  this  cover- 
ing at  intervals  throughout  its  length,  and  found  it,  after  being 
used  for  seven  and  a  half  years,  in  an  extraordinarily  good  state 
of  preservation.  In  fact,  for  serving  its  purpose  as  a  pipe-cover- 
iug  it  appeared  to  be  as  good  as  new.  I  did  not  find  a  single 
place  in  which  I  could  detect  that  the  fossil  meal  had  been 
jarred  loose  from  the  pipe,  nor  could  I  satisfy  myself  that  the 
hair  felt  had  in  any  case  sagged  away  from  the  fossil  meal  at 
the  bottom  of  the  pipe.  The  canvas  had  sagged  away  from  the 
hair  felt  almost  throughout  the  length  of  the  pipe  from  4^  to  |  of 
an  inch.  The  covering  showed  signs  nearly  throughout  its  length 
of  having  been  walked  upon  by  workmen,  but  even  this  did  not 
seem  to  have  crushed  or  crumbled  the  fossil  meal,  although  it 
had  compressed  the  hair  felt  from  1  inch  in  thickness  down  to 
about  I  of  an  inch.  I  cut  samples  of  hair  felt  from  the  top  of  the 
pipe,  where  it  would  naturally  be  the  most  damaged,  and  found 
that  in  no  case  was  the  felt  sufficiently  charred  away  so  that  the 
original  marking  on  the  surface  next  to  the  pipe  did  not  show. 
It  was  discolored  where  it  came  in  contact  with  the  fossil  meal, 
through  the  action  of  the  heat,  to  a  depth  of  from  y\  to  f  of  an 
inch.  But  this  discoloration  had  not  proceeded  to  the  point  of 
indicating  charring.  The  pipe  throughout  a  great  part  of  its 
length  was  subject  to  an  extraordinary  amount  qf  jarring  and 
vibration,  as  it  ran  right  through  the  centre  of  a  large  hammer 
shop  containing  ten  steam  hammers,  which  were  going  night  and 
day,  most  of  the  time.  This  is  surely  a  severe  test  for  the  fossil 
meal,  or,  in  fact,  any  form  of  pipe-covering,  and  I  think  it  conclu- 
sively shows  that  fossil  meal,  when  properly  put  on,  is  an  admirable 
material  to  resist  jar.  The  canvas  was  more  damaged  than  any 
other  part  of  the  covering  ;  but  even  this  showed  very  slight 
injury,  where  it  was  torn  evidently  having  been  damaged  by 
something  falling  against  it  and  ripping  it  open.  There  were,  how- 
ever, very  few  tears  of  this  kind  throughout  the  pipe.  I  would 
here  particularly  call  attention  to  the  desirability  of  thoroughly 
painting  the  canvas  where  it  is  to  be  subject  to  the  action  of 
furnace  gases,  since  unpainted  canvas,  when  used  in  this  same 
hammer-shop  and  rolling-mills,  and  subject  to  the  action  of  the 
furnace  gases,  will  last  only  from  six  months  to  a  year. 
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This  stefim-pipe  presents  an  unusually  f^ood  opportunity  for 
nieasurinc;  the  water  which  condenses  in  it.  It  is  constructed  as 
I  think  all  pipes  should  be,  when  the  opportunity  offers. 

After  collecting  steam  from  the  boilers,  it  rises  as  rapidly  as 
possible  to  its  maximum  height,  and  from  that  ])oint  slopes  gradu- 
ally downwards  so  that  the  condensed  water  flows  in  the  same 
direction  as  the  steam,  thus  avoiding  a  collection  of  water  in 
pockets  and  the  danger  of  water-hammer  from  this  source.  All 
inlet  pipes,  carrying  steam  to  the  main  pipe  from  the  boilers,  as 
well  as  all  outlet  pipes,  delivering  steam  from  the  main  pipes  to 
the  machines,  are  attached  to  the  upper  side  of  the  main  pipe.  At 
intervals  along  the  bottom  of  this  pipe  drip  pipes  enter  it ;  these 
carry  the  condensed  water  into  a  main  drip  pipe,  which  slopes 
steadily  back  toward  the  boilers,  and  there  delivers  all  of  the 
water  of  condensation  directly  to  the  boilers,  by  gravity  ;  each 
of  four  boilers  being  connected  to  this  pipe  by  a  throttle  and 
check-valve. 

Several  years  ago  I  fitted  a  pipe  to  this  drip  pipe,  just  before 
it  reaches  the  boilers,  with  suitable  valves  so  that  all  of  the  drip 
water  coming  from  the  entire  length  of  the  main  steam-pipe  could 
be  run  out  through  this  opening,  and  its  amount  measured  for  a 
given  leuj2(th  of  it.  Last  week,  while  in  Philadelphia,  I  made  a 
test  of  the  amount  of  condensed  water  which  came  from  this  pipe 
in  a  given  time,  and  since  then,  Mr.  Firtli,  a  member  of  this 
Society,  and  at  present  engineer  of  the  Midvale  Steel  Company, 
made  two  more  similar  tests;  one  while  the  main  pipe  was  in  full 
use,  that  is,  supplying  steam  to  all  of  the  machines  on  a  week  day, 
and  having  about  o,70()  horse-power  of  steam  running  through  it ; 
and  the  second  test  being  on  Sunday,  when  the  pipe  was  lying 
idle,  that  is,  when  the  pipe  was  filled  with  steam,  but  supplying  a 
very  small  amount  to  only  a  very  few  machines. 

The  drip  water  was  all  caught  in  a  barrel  with  its  top  tightly 
closed,  and  having  a  ventilafing  pipe  for  carrying  off  the  surplus 
f»team,  which  was  large  enough  and  sufficiently  high  to  prevent 
any  material  quantity  of  the  water  being  carried  off  by  escaping 
steam. 

The  ffjllowing  are  the  chief  data  regarding  the  steam-pipe  and 
the  test. 

The  pipe  carries  all  of  the  steam  from  about  3,700  horse-power 
of  boiler  under  70  pounds  pressure  per  square  inch. 
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Largest  diameter  of  pipe 24  ins. 

Total  lengili  of  pipe  drained 1,813  ft. 

Square  feet  of  pipe  covered  with  fossil  meal  and  hair  felt 5,441  sq.  ft. 

Area  of  pipe,  fittings,  and  flanges  which  were  not  covered  (in  the 
case  of  flanges,  the  area  of  pipe  covered  by  the  flanges  was 
taken — not  the  entire  area  of  the  outside  surface  of  the  flanges)     918  sq.  ft. 

Pressure  of  steam  per  square  inch  in  pipe 70  lbs. 

Temperature  of  steam  in  pipe  in  degrees  Fahrenheit  (this  tempera- 
ture taken  from  tables; 302.77  deg. 

Average  ten)perature  of  air  around  pipe  at  time  of  the  experiment, 

i  n  degrees  Fahrenheit 104  deg. 

Amount  of  drip  water  which  came  from  the  pipe  in  ten  minutes  ou 
Sunday,  when  pipe  was  under  full  steam  pressure,  and  hut 
little  steam  was  being  used  165  Ihs. 

Amount  of  drip  water,  per  hour   990  lbs. 

Amount  of  drip  water  per  ten  minutes  when  steam  was  being  used 

freely  from  the  pipe  on  a  week  day 148^  lbs. 

Auiount  of  drip  water,  per  hour 891  lbs. 

Amount  of  entrained  water  carried  over  per  hour  from  pipe  into 
the  machines  during  week  day  when  machines  were  running 
steadily,  990  -  891  = 99  lbs. 

Per  cent,  of  water  condensed  in  pipe,  and  which  was  carried  over 

into  the  machines 10  per  cent. 

If  we  assume  that  3,700  horse-power  of  steam  was  passing 
through  the  pipe  at  the  time  that  the  drip  water  was  measured, 
we  find  that,  in  a  properly  constructed  and  drained  steam-pipe, 
only  T2f  6  5  0^  —  l^ss  than  yot  o^  1  P^^  cent,  of  entrained  water  need 
be  carried  over  to  thfe  machine. 

In  order  to  compare  the  results  of  this  experiment  with  those 
of  Mr.  Brill,  it  is  desirable  to  find  the  number  of  pounds  of  steam 
condensed  per  square  foot  of  covered  surface  per  hour,  and  then 
compare  this  figure  with  the  corresponding  ones  given  in  the  right- 
hand  column  of  Table  "  B,'"  in  Mi-.  Brill's  paper. 

We,  therefore,  first  deduct  from  the  total  condensation  per  hour 
(990  pounds)  the  amount  of  w^ater  condensed  by  the  uncovered 
portion  of  the  pipe.  In  making  this  deduction,  we  have  used  the 
figure  that  was  obtained  by  Mr.  Brill  for  the  condensation  with 
bare  pipe,  per  square  foot  per  degree  difference  in  temperature 
per  hour. 

The  remaining  portion  of  the  drip  water  we  divide  by  the  total 
number  of  square  feet  of  covered  surface  of  the  pipe,  and  find  that 
the  condensation  per  square  foot  of  pipe  surface  per  hour,  for  the 
portion  of  the  pipe  covered  with  fossil  meal  aud  hair  felt,  with  70 
pounds  steam  pressure,  and  temperature  of  104  degrees  for  the 
surrounding  air,  was  0.07735  pounds. 
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If  the  steam  pressure  bad  been  112  pounds,  and  the  difference 
between  the  temperature  of  the  steam  in  pipe  and  the  air  sur- 
rounding the  pipe  had  been  272.2,  as  in  Mr.  Brill's  experiments, 
then  the  condensation  per  square  foot  of  pipe  per  hour  for  the 
covered  portion  woukl  have  been  .1059  pounds. 

Comparing  this  figure  with  those  in  the  right-hand  column  of 
Table  "  B,"  in  Mr.  Brill's  paper,  we  find  it  to  be  very  close  in 
efficiency  to  the  best  of  those  obtained  by  Mr.  Brill  ;  there  being 
oulv  four  out  of  the  twelve  coverings  tested  by  him  which  gave 
more  economical  results  than  the  fossil  meal  and  hair  felt.  And 
three  out  of  the  four  of  these  coverings  were,  I  think,  rightly  con- 
demned by  him,  as  probably  not  being  durable. 

When  it  is  borne  in  mind  that  the  Midvale  covering  had  been 
on  the  pipe  for  seven  years  and  a  half  without  practically  any 
repairs  being  made  to  it,  and  that  the  above  test  is  made  at  the 
end  of  this  time,  I  think  that  this  style  of  covering  can  safely  be  re- 
garded as  one  of  the  best,  if  not  the  best,  type  of  covering  known. 

It  will  be  noted  that  the  covering  which  gave  the  best  result  in 
Mr.  Brill's  experiments  was  hair  felt  protected  by  the  Manville 
sectional  covering. 

Fossil  meal  has  proved  itself  beyond  a  doubt  to  be  most  dura- 
ble in  adhering  to  the  pipe,  since  it  will  be  remembered  that  this 
pipe  runs  through  a  large  hammer-shop  and  rolling-mills,  in  which 
the  jarring  from  the  machines  is  exceedingly  severe  on  the  pipe, 
and,  in  spite  of  this,  I  could  not  find  a  single  place  in  which  the 
fossil  meal  had  jarred  loose. 

I  understand,  however,  that  of  late  there  has  been  difficulty  in 
getting  fossil  meal  of  the  same  preparation  as  that  which  was  put 
on  the  Midvale  pipe.  The  fossil  meal,  as  prepared  at  that  time, 
was  mixed  with  a  certain  amount  of  hair,  so  as  to  cause  it  to 
adhere  hotter. 

If  the  Riley  cement  adheres  to  the  pipe  equally  well  with  the 
foKHil  meal,  it  would  be,  according  to  Mr.  Brill's  experiments, 
about  as  satisfactory  an  insulator  as  the  fossil  meal. 

I  would  call  attention  to  the  fact  that  in  putting  on  the  hair 
felt  it  is  very  important  to  bind  it  as  tightly  as  possible  to  the 
pipe  with  very  frequent  wrappings  of  elastic  twine,  so  as  to 
prevent  If  frrjrn  sagging  away  from  the  pipe  as  it  chars  on  the  top 
side. 

R^'garding  the  matter  of  cost — the  actual  cost  of  the  hair  felt, 
fossil  meal,  and  painted  canvas  covering,  as  put  on  to  the  Midvale 
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pipe,  is  17.6  cents  per  square  foot,  including  cost  of  materials  and 
labor.  It  is,  however,  in  no  way  fair  to  compare  this  cost  with 
that  given  in  Mr.  Brill's  tables,  since  the  Midvale  covering  was 
put  on  by  a  man  specially  trained  to  his  job,  and  who  did  all  of 
the  work  by  piece-work ;  while,  in  Mr.  Brill's  case,  the  covering 
was  put  on  by  hands  not  specially  skilled  in  the  job.  For  com- 
parison, referring  to  Table  "  E,"  in  the  third  column,  the  cost  of 
applying  the  Midvale  covering  to  60  feet  of  pipe  would  be 
$24.24,  including  labor  and  materials. 

The  Midvale  experiment  gives  a  practical  illustration  on  a  large 
scale  of  the  fact  stated  in  Mr.  Jacobus's  paper  on  "  Distribution 
of  Moisture  in  a  Horizontal  Pipe,"  that  almost  the  whole  of  the 
entrained  water  in  a  horizontal  drops  to  the  bottom  of  the  pipe, 
and  flows  along  with  the  steam  close  to  the  pipe ;  since  we  see 
that  less  than  jf  ^  of  1  per  cent,  of  the  condensed  water  was 
carried  over  into  the  machines  when  the  pipe  was  supplying  its 
full  amount  of  steam  on  a  week  day.  This  experiment  also  empha- 
sizes the  necessity  of  draining  all  main  steam-pipes  of  any  length 
at  frequent  intervals,  and  from  the  bottom  of  the  pipe.  And  it 
further  shows  the  desirability  of  attaching  to  the  top  of  the  main 
pipe  all  pipes  leading  from  the  main  to  the  machines. 

Mr.  Wm.  Kent. — The  author  of  the  paper  says  that  he  hopes  that 
the  chemical  analysis  given  may  lead  to  some  discussion  as  to  the 
effects  of  the  presence  of  the  components  upon  the  pipe-covering 
when  moisture  is  present,  and  on  page  841,  at  the  head  of  the  tests, 
he  says  it  is  impossible  in  some  cases  to  state  the  exact  combi- 
nation between  bases  and  acids  present.  It  will,  therefore,  be 
impossible  to  form  any  conclusion  as  to  the  effect  of  these  com- 
ponents upon  the  covering  of  the  pipe.  But  I  notice  on  the  tables 
themselves,  on  the  last  line  of  each  of  the  tables,  he  has  sulphurous 
acid,  and  he  also  gives  the  formula  of  sulphurous  acid  as  SO3. 
When  I  studied  chemistry  it  was  SO2.  But  chemists  have  3'early 
conventions  now,  and  frequently  change  their  notation.  But  I 
take  it  that  this  is  a  typographical  error ;  that  it  should  be  sul- 
phuric acid,  and  that  the  SO3  is  the  proper  formula.  If  it  is  sul- 
phuric acid  it  is  probably  in  all  cases  satisfied  by  the  lime  and  mag- 
nesia, in  which  case  there  would  probably  be  no  corrosive  action ; 
but  in  the  case  of  mineral  wool  and  rock  wool,  I  take  it  that  sul- 
phurous acid  is  correct ;  or  there  may  be  both  sulphurous  and 
sulphuric  acid,  and  there  may  be  also  sulphur  present,  in  the  form 
of  sulphide  of  iron  or  sulphide  of  calcium  and  magnesium.     The 
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question  whether  this  material  is  corrosive  or  not  is  not  to  be 
settled  by  the  chemical  analysis,  but  by  actual  experiment,  which 
can  be  made  very  easily  by  putting  samples  of  these  materials 
into  sto[)pered  bottles  with  a  loright  piece  of  iron,  and  with  a  small 
quantity  of  distilled  water,  corking  the  bottle  tightly  and  placing 
it  in  an  outdoor  atmosphere,  and  if  there  is  any  sulphurous  or  sul- 
phuric acid  in  such  a  combination,  which  has  a  greater  affinity  for 
iron  than  any  other  thing  present,  there  would  be  corrosion,  and  I 
think  that  will  be  the  case  with  mineral  wool,  as  I  have  found  by 
actual  experiment. 

^fr.  A.  B.  Rearicl'. — I  would  like  to  ask  Mr.  Taylor  two  ques- 
tions. One  is,  does  he  consider  the  number  of  pounds  of  conden- 
sation that  takes  place,  as  he  describes,  to  be  the  same  when  the 
pipe  is  caiTyiug  a  large  quantity  of  steam  through  it,  as  when  it 
is  simply  filled  with  steam  ?  Another  question  is,  how  much  of 
an  offset  he  gave  his  pipe,  approximately,  to  allow  for  expan- 
sion? 

Mr.  Taylor. — On  the  first  question  I  really  have  very  little 
information.  I  do  not  know  at  all  what  the  difference  in  conden- 
sation would  be  if  the  steam  were  lying  idle  in  the  pipe,  or  if  it 
were  flowing  at  a  rapid  rate.  As  far  as  the  above  experiment  goes, 
however,  on  the  Midvale  pipe  there  would  not  appear  to  be  any 
gieat  difference  in  the  rate  of  condensation  when  the  steam  was 
flowing  through  the  pipe  and  when  it  was  lying  idle. 

As  to  the  second  question  ;  the  first  straight  run  was  about  200 
feet  of  24:-inch  pipe,  collecting  all  the  steam  throughout  the  boiler 
house  and  delivering  it  as  soon  as  possible  into  the  top  of  the 
hammer-shop.  The  second  run  was  about  140  feet  of  24-inch 
pipe,  and  at  light  angles  to  the  first.  The  third  run  was  about 
GO  feet,  on  a  l^J-iiich  branch.  And  then,  further,  we  had  a  run  of 
about  300  feet  of  14-inch  and  12-incli  pipe.  These  are  some  of 
the  principal  lines  of  pipe.  Tlie  smaller  mains,  which  lead  from 
these  large  runs  of  pipe,  stretch  out  in  all  directions.  1  think 
a  very  vital  matter  is  tliat  the  pipe  should  be  suspended  from 
above  with  long  tie-rods,  and  not  supported  on  rollers,  as  is 
frequently  the  case,  l^ecause  I  have  seen  this  pipe,  as  it  is  cooled 
down,  move  in  all  possiljle  directions.  It  will  first  start  in  one 
direction  and  then  in  another  and  another,  finally  moving  some 
part8  of  it  as  much  as  12  to  15  inches  at  the  extremities.  Of 
course,  the  connections  of  a  pipe  of  this  sort,  with  the  machines, 
must  Ixi  long,  so  that  they  can  readily  deflect.     They  should  run 
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up  from  the  top  of  the  pipe,  then  out  at  right  angles,  and  down, 
in  every  case,  for  this  expansion  and  contraction. 

Mr.  Stearns. — How  long  were  those  rods? 

Mr.  Taylor. — The  rods  were  not  less  than  8  feet  in  any  case, 
and  in  many  cases  much  longer. 

Professor  Carpenter. — I  wish  to  call  attention  to  one  fact  that 
I  think  has  not  been  brought  out.  If  you  will  notice  on  page  834, 
at  the  bottom,  the  thickness  of  these  coverings  varies  very  greatly. 
Take  the  Table  "  D,"  at  the  bottom  of  page  834,  in  which  there  is  a 
comparison  made  with  the  loss  from  bare  pipe,  and  you  will 
notice  that  the  thickness  varies  from  |  inch  to  4.2  inches.  By 
referring  to  the  first  column,  it  will  be  seen  that  the  amount  of 
heat  lost  runs  as  low  as  7.8  per  cent,  of  that  from  the  naked  pipe, 
witli  the  thick  covering.  I  tested  the  same  kind  of  covering,  except 
that  it  was  less  than  an  inch  in  thickness,  and  obtained,  practically, 
twice  the  condensation  shown  in  this  paper ;  with  coverings  of  the 
same  thickness  as  recorded  by  Mr.  Brill,  the  results  were  the  same 
as  his.  The  covering  that  I  used  was  furnished  by  the  maker,  and 
I  supposed  it  to  be  the  same  as  ordinarily  sold,  and  yet  the 
results  were  not  as  good,  nor  were  the  thicknesses  as  great.  I  have 
purchased  a  considerable  amount  of  covering,  and  have  never 
found  it  to  vary  a  great  deal  from  an  inch  in  thickness,  even  for 
very  large  pipes.  I  would  like  to  ask  whether  these  were  specially 
prepared  for  the  test  or  whether  they  were  purchased  of  the 
standard  thickness.  What  we  obtained  varied  from  1  inch  to 
1\  inches  in  thickness,  and  instead  of  transmitting  about  8  per 
cent.,  it  transmitted  about  24  per  cent,  of  that  from  a  bare  pipe. 

Mr.  Brill. — In  answer  to  Professor  Carpenter's  query,  I  would 
say  that  we  purchased  the  covering  as  we  found  it  in  the  market. 
I  think  most  of  the  makers  of  pipe-covering  vary  the  thickness 
somewhat,  for  difi'erent  sizes  of  pipe  ;  thinner  coverings  are  pro- 
vided for  small  sizes  of  pipe  than  for  larger  ones.  The  sectional 
coverings,  as  usually  made,  are  increased  in  thickness  as  the 
diameter  of  pipe  increases. 

Professor  Carpenter. — The  question  was,  why  there  was  so  much 
variation  in  the  thickness  of  your  covering  ?  Those  that  we  tested 
were  practically  all  the  same. 

Mr.  Brill. — We  ordered  sufficient  covering  for  60  feet  of  8-inch 
pipe.  In  case  of  the  sectional  coverings,  a  sufficient  amount  was 
sent  to  just  cover  the  pipe.  In  case  of  the  coverings  put  on  wet, 
the   amount   sent  was   applied  as  uniformly  as  possible,  and  the 
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thickiifss,  as    taken    at    numerous    places,    gave    the    averages 
reconltHl. 

Mr.  Flenning. — Did  your  sellers  know  that  you  wanted  this 
material  for  testing  purposes  ? 

Mr.  Brill. — No,  sir  ;  I  think  not.  We  asked  them  for  60  feet 
of  their  covering.  It  was  furnished  promptly.  There  was  no 
time  for  special  manufacture,  nor  was  there  any  object,  with  the 
knowledge  possessed  by  the  maker,  in  sending  anything  of  special 
merit. 

Mr.  ]V.  S.  Roger,'<. — I  think  the  day  has  almost  gone  by  for 
carrying  steam  through  long  lines  of  pipe,  a  third  of  a  mile,  for 
manufacturing  purposes,  as  my  friend  Taylor  has  mentioned.  At 
Butlalo,  we  are  not  thinking  of  any  such  plan.  It  is  now,  how  to 
cover  the  wire  which  is  to  bring  down  the  thousands  of  horse- 
power from  Niagara  by  electricity.  I  think  that  long  steam-lines 
will  go  out  of  date.  With  the  present  sliape  in  which  currents 
can  be  transmitted,  and  the  savings  obtained  that  way,  the  ques- 
tion of  long  lines  of  steam-pipe  covering  will  disappear. 

Mr.  Geo.  J/.  Brill.'*' — That  the  coverings  tested  were  far  fi'om 
uniform  thickness  is  to  be  kept  in  mind  in  attempting  to  make 
any  deductions  for  scientific  purposes.  Keferring  to  the  points 
mentioned  by  Mr.  Nagle,  I  would  say  that  the  pipe  was  suspended 
ab<nit  10  feet  from  the  floor  of  a  room  some  200  feet  long,  about 
50  feet  wide,  and  25  feet  to  the  peak  of  the  roof.  The  thermometer 
which  gave  the  temperature  of  the  air  in  the  room  was  located 
about  the  same  elevation,  and  some  10  feet  away  from  the  pipe. 
Dr)ubtle88,  some  air  currents  were  created  by  the  heat  radiated 
from  the  pipe  ;  this  was  practically  unavoidable,  and  no  attempt 
was  made  to  prevent  it,  but  the  pipe  was  placed  so  as  to  be  out 
of  air  currents  and  draughts  from  open  windows  and  doors. 

That  the  quality  of  steam  would  l)e  uniform  was  to  be  expected. 
The  ]»ipe  carrying  steam  from  the  separator  to  the  test-pipe  was 
\  incli  in  diameter,  while  the  separator  was  12  inches  in 
diamet^^r  and  4  feet  long.  If  the  calorimeter  produced  any 
eif»?ct,dne  to  the  steam  it  used,  that  effect  was  continuous,  for  the 
calf>iimpler  was  in  use  during  the  entire  period  of  each  run,  and 
UM'd  steam  at  the  rate  of  80  ])ounds  per  hour,  which,  together 
with  the  amount  passing  on  its  way  to  be  condensed,  surely  did 
not  produce  a  velocity  in  the  1-inch  pipe  sufficient  to  overwork 
the  separator,  which  had  ample  capacity  to  give  a  uniform  qual- 
•  Autbor's  closure,  under  the  Rules. 


PIPE-COVERING  TESTS.  855 

ity  to  any  amount  of  steam  that  might  flow  through  the  1-inch 
pipe  leading  from  it.  Although  a  calorimeter  is  usually  attached 
to  a  larger  pipe  than  was  used  in  this  case,  as  long  as  the 
demands  upon  the  separator  were  not  excessive,  there  is  no  reason 
why  the  calorimeter  should  not  give  as  true  an  account  of  the 
quality  in  a  1-inch  pipe  as  it  would  when  attached  to  a  much 
lai'ger  size. 
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A   PIECE-RATE    SYSTEM, 

BEING 

A  STEP  TOWARD  PARTIAL  SOLUTION  OF  THE  LABOR  PROBLEM. 

BY    PKED.  W.  TAYLOR,   GERMANTOWN,   PHILADELPHIA,  PA. 

(Member  of  the  Society.) 
INTRODUCTION. 

The  ordinary  piece-work  system  involves  a  permanent 
antagonism  between  employers  and  men,  and  a  certainty  of 
punishment  for  each  workman  who  reaches  a  high  rate  of  ef- 
ficiency. The  demoralizing  effect  of  this  system  is  most  seri- 
ous. Under  it,  even  the  best  workmen  are  forced  continually 
to  act  the  part  of  hypocrites,  to  hold  their  own  in  the  struggle 
against  the  encroachments  of  their  employers. 

The  system  introduced  by  the  writer,  however,  is  directly 
the  opposite,  both  in  theory  and  in  its  results.  It  makes  each 
workman's  interests  the  same  as  that  of  his  employer,  pays  a 
proraium  for  high  efficiency,  and  soon  convinces  each  man  that 
it  is  for  his  permfxnent  advantage  to  turn  out  each  day  the  best 
quality  and  maximum  quantity  of  work. 

The  writer  has  endeavored  in  the  following  pages  to  describe 
the  system  of  management  introduced  by  him  in  the  works  of 
the  Midvale  Steel  Company,  of  Pliiladelphia,  which  has  been 
employed  by  them  during  the  past  ten  years  with  the  most 
satisfactory  results. 

The  system  consists  of  three  principal  elements  : 

(1 1  An  elementary  rate-fixing  department. 

(2 1  The  differential  rate  system  of  piece-work. 

(3)  Wliat  lie  believes  to  Vje  the  best  method  of  managing 
men  who  work  by  the  day. 

Elementary  rate-fixing  differs  from  other  methods  of  making 
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piece-work  prices  in  that  a  careful  study  is  made  of  tlie  time 
required  to  do  each  of  the  many  elementary  operations  into 
which  the  manufacturing  of  an  establishment  may  be  analyzed 
or  divided.  These  elementary  operations  are  then  classified, 
recorded,  and  indexed,  and  when  a  piece-work  price  is  wanted 
for  work,  the  job  is  first  divided  into  its  elementary  operations, 
the  time  required  to  do  each  elementary  operation  is  found 
from  the  records,  and  the  total  time  for  the  job  is  summed  up 
from  these  data.  While  this  method  seems  complicated  at 
the  first  glance,  it  is,  in  fact,  far  simpler  and  more  effective 
than  the  old  method  of  recording  the  time  required  to  do 
whole  jobs  of  work,  and  then,  after  looking  over  the  records  of 
similar  jobs,  guessing  at  the  time  required  for  any  new  piece 
of  work. 

The  differential  rate  system  of  piece-work  consists  briefly  in 
offering  two  different  rates  for  the  same  job  ;  a  high  price  per 
piece,  in  case  the  work  is  finished  in  the  shortest  possible  time 
and  in  perfect  condition,  and  a  low  price,  if  it  takes  a  longer 
time  to  do  the  job,  or  if  there  are  any  imperfections  in  the 
work.  (The  high  rate  should  be  such  that  the  workman  can 
earn  more  per  day  than  is  usually  paid  in  similar  establish- 
ments.) This  is  directly  the  opposite  of  the  ordinary  plan  of 
piece-work,  in  which  the  wages  of  the  workmen  are  reduced 
when  they  increase  their  productivity. 

The  system  by  which  the  writer  proposes  managing  the  men 
who  are  on  day-work  consists  in  paying  men  and  not  positions. 
Each  man's  wages,  as  far  as  possible,  are  fixed  according  to  the 
skill  and  energy  with  which  he  performs  his  work,  and  not 
according  to  the  position  which  he  fills.  Every  endeavor 
is  made  to  stimulate  each  man's  personal  ambition.  This 
involves  keeping  systematic  and  careful  records  of  the  perform- 
ance of  each  man,  as  to  his  punctuality,  attendance,  integrity, 
rapidity,  skill,  and  accuracy,  and  a  readjustment  from  time  to 
time  of  the  wages  paid  him,  in  accordance  with  this  record. 

The  advantages  of  this  system  of  management  are  : 

First.  That  the  manufactures  are  produced  cheaper  under  it, 
while  at  the  same  time  the  workmen  earn  higher  wages  than 
are  usually  paid. 

Second.  Since  the  rate-fixing  is  done  from  accurate  knowledge 
instead  of  more  or  less  by  guess-work,  the  motive  for  holding 
back  on  work,  or  ''  soldiering,"  and  endeavoring  to  deceive  the 
55 
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employers  as  to  the  time  required  to  do  work,  is  entirely 
removed,  and  with  it  the  greatest  cause  for  hard  feelings  and 
war  between  the  management  and  the  men. 

Tfiitd.  Since  the  basis  from  which  piece-work  as  well  as  day 
rates  are  fixed  is  that  of  exact  observation,  instead  of  being 
founded  upon  accident  or  deception,  as  is  too  frequently  the 
case  under  ordinary  systems,  the  men  are  treated  with  greater 
uniformity  and  justice,  and  respond  by  doing  more  and  better 
work. 

Ftmrth.  It  is  for  the  common  interest  of  both  the  manage- 
ment and  the  men  to  cooperate  in  every  way,  so  as  to  turn  out 
each  day  the  maximum  quantity  and  best  quality  of  work. 

Firth.  The  system  is  rapid,  while  other  systems  are  slow,  in 
attaining  the  maximum  productivity  of  each  machine  and  man  ; 
and  when  this  maximum  is  once  reached,  it  is  automatically 
maintained  by  the  differential  rate. 

Sixth.  It  automatically  selects  and  attracts  the  best  men  for 
each  class  of  work,  and  it  develops  many  first-class  men  who 
would  otherwise  remain  slow  or  inaccurate,  while  at  the  same 
time  it  discourages  and  sifts  out  men  who  are  incurably  lazy  or 
inferior. 

FinnUif.  One  of  the  chief  advantages  derived  from  the  above 
effects  of  the  system  is,  that  it  promotes  a  most  friendly  feeling 
between  the  men  and  their  employers,  and  so  renders  labor 
unions  and  strikes  unnecessary. 

There  has  never  been  a  strike  under  the  differential  rate  sys- 
tem of  piece-work,  although  it  has  been  in  operation  for  the 
past  ten  years  in  the  steel  business,  which  has  been  during  this 
period  more  subject  to  strikes  and  labor  troubles  than  almost 
any  other  industry.  In  describing  the  above  system  of  manage- 
ment, the  writer  has  been  obliged  to  refer  to  other  piece- 
work methods,  and  to  indicate  briefly  what  he  believes  to 
be  their  shortcomings. 

As  but  few  will  care  to  read  the  whole  paper,  the  following 
index  to  its  contents  is  given  : 

INDEX. 

PARAGRAPH 

Nf.rd  of  Syhtf.m  and  MKxnoD  IN  xManaotno  Men 1-9 

8T8TEII    OK   .VlANAfJIM;    .MeN    WHO   AHK    PAID   BY   THE    DaY. 

Ordinary  ny^iU-m  of  paying  men  by  the  position  they  occupy  instead 

of  by  individual  merit 10 
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1.  Capital  demands  fnllv  twice  the  return  for  money  placed 
in  manufacturing    enterprises  that  it    does  for   real   estate    or 
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trausportation   ventures.       And  this   probably   represents   the 
difference  in  the  risk  between  these  classes  of  investments. 

2.  Among  the  risks  of  a  manufacturing  business,  by  far  the 
oreatest  is  that  of  bad  management ;  and  of  the  three  managing 
departments,  the  commercial,  the  financiering,  and  the  produc- 
tive, the  latter,  in  most  cases,  receives  the  least  attention  from 
those  that  have  invested  their  money  in  the  business,  and  con- 
tains the  greatest  elements  of  risk.  This  risk  arises  not  so  much 
from  the  evident  mismanagement,  which  plainly  discloses  itself 
through  occasional  strikes  and  similar  troubles,  as  from  the 
daily  more  insidious  and  fatal  failure  on  the  part  of  the  super- 
intendents to  secure  anything  even  approaching  the  maximum 
work  from  their  men  and  machines. 

3.  It  is  not  unusual  for  the  manager  of  a  manufacturing  busi- 
ness to  go  most  minutely  into  every  detail  of  the  buying  and 
selling  and  financiering,  and  arrange  every  element  of  these 
branches  in  the  most  systematic  manner,  and  according  to  prin- 
ciples that  have  been  carefully  planned  to  insure  the  business 
against  almost  any  contingency  which  may  arise,  while  the 
manufacturing  is  turned  over  to  a  superintendent  or  foreman, 
with  little  or  no  restrictions  as  to  the  principles  and  methods 
which  he  is  to  pursue,  either  in  the  management  of  his  men  or 
the  care  of  the  company's  plant. 

4.  Such  managers  belong  distinctly  to  the  old  school  of  manu- 
facturers ;  and  among  them  are  to  be  found,  in  spite  of  their  lack 
of  system,  many  of  the  best  and  most  successful  men  of  the 
country.  They  believe  in  men,  not  in  methods,  in  the  manage- 
ment of  their  shops ;  and  what  they  would  call  system  jn  the 
oflSce  and  sales  departments,  would  be  called  red  tape  by  them 
in  the  factory.  Through  their  keen  insight  and  knowledge 
of  character  they  are  able  to  select  and  train  good  superintend- 
ents, who  in  turn  secure  good  workmen ;  and  frequently  the 
business  prospers  under  tliis  system  (or  rather,  lack  of  system) 
for  a  term  of  years. 

5.  The  modern  manufacturer,  however,  seeks  not  only  to  secure 
the  l>e8t  superintendents  and  workmen,  but  to  surround  each  de- 
partmc^nt  of  Ijis  manufacture  with  tlie  most  carefully  woven  net- 
work of  system  and  method,  which  should  render  the  business, 
for  a  considerable  period,  at  least,  independent  of  the  loss  of  any 
one  man,  and  frequently  of  any  combination  of  men. 

6.  It  is  the  lack  of  this  system  and  method  which,  in  the  judg- 
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ment  of  the  writer,  constitutes  the  greatest  risk  in  manufactur- 
ing ;  placing,  as  it  frequently  does,  the  success  of  the  business  at 
the  hazard  of  the  health  or  whims  of  a  few  employees. 

7.  Even  after  fully  realizing  the  importance  of  adopting  the 
best  possible  system  and  methods  of  management  for  securing 
a  proper  return  from  employees  and  as  an  insurance  against 
strikes  and  the  carelessness  and  laziness  of  men,  there  are  dif- 
ficulties in  the  problem  of  selecting  methods  of  management 
which  shall  be  adequate  to  the  purpose,  and  yet  be  free  from  red 
tape,  and  inexpensive. 

8.  The  literature  on  the  subject  is  meagre,  especially  that 
which  comes  from  men  of  practical  experience  and  observation. 
And  the  problem  is  usually  solved,  after  but  little  investigation, 
by  the  adoption  of  the  system  with  which  the  managers  are  most 
familiar,  or  by  taking  a  system  which  has  worked  well  in  similar 
lines  of  manufacture. 

9.  Now,  among  the  methods  of  management  in  common  use 
there  is  certainly  a  great  choice ;  and  before  describing  the 
"  differential  rate  "  system  it^  is  desirable  to  briefly  consider  the 
more  important  of  the  other  methods. 

10.  The  simplest  of  all  systems  is  the  "  day-work  "  plan,  in 
which  the  employees  are  divided  into  certain  classes,  and  a 
standard  rate  of  wages  is  paid  to  each  class  of  men  ;  the  laborers 
all  receiving  one  rate  of  pay,  the  machinists  all  another  rate,  and 
the  engineers  all  another,  etc.  The  men  are  paid  according  to 
the  position  which  they  fill,  and  not  according  to  their  individual 
character,  energy,  skill,  and  reliability. 

11.  The  effect  of  this  system  is  distinctly  demoralizing  and 
levelling  ;  even  the  ambitious  men  soon  conclude  that  since  there 
is  no  profit  to  them  in  working  hard,  the  best  thing  for  them  to 
do  is  to  work  just  as  little  as  they  can  and  still  keep  their  po- 
sition. And  under  these  conditions  the  invariable  tendency  is 
to  drag  them  all  down  even  below  the  level  of  the  medium. 

12.  The  proper  and  legitimate  answer  to  this  herding  of  men 
together  into  classes,  regardless  of  personal  character  and  per- 
formance, is  the  formation  of  the  labor  union,  and  the  strike, 
either  to  increase  the  rate  of  pay  and  improve  conditions  of 
employment,  or  to  resist  the  lowering  of  wages  and  other 
encroachments  on  the  part  of  employers. 

13.  The  necessity  for  the  labor  union,  however,  disappears 
when  men  are  paid,  and  not  positions ;  that  is,  when   the   em- 
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plovers  take  pains  to  study  the  character  and  performance  of 
each  of  their  emph\vees  and  pay  them  accordingly,  when  accurate 
records  are  kept  of  each  man's  attendance,  punctuality,  the 
amount  and  quality  of  work  done  by  him,  and  his  attitude 
towards  his  employers  and  fellow-workmen. 

As  soon  as  the  men  recognize  that  they  have  free  scope  for 
the  exercise  of  their  proper  ambition,  that  as  they  work  harder 
and  better  their  wages  are  from  time  to  time  increased,  and  that 
thev  are  given  a  better  class  of  work  to  do — when  they  recognize 
this,  the  best  of  them  have  no  use  for  the  labor  union. 

14.  Every  manufacturer  must  from  necessity  employ  a  certain 
amount  of  day -labor  which  cannot  come  under  the  piece-work 
system;  and  yet  how  few  employers  are  willing  to  go  to  the  trouble 
and  expense  of  the  slight  organization  necessary  to  handle  their 
men  in  this  way  ?  How  few  of  them  realize  that,  by  the  em- 
ployment of  an  extra  clerk  and  foreman,  and  a  simple  system 
of  labor  returns,  to  record  the  performance  and  readjust  the 
wages  of  their  men,  so  as  to  stimulate  their  personal  ambition, 
the  output  of  a  gang  of  twenty  or  thirty  men  can  be  readily 
doubled  in  many  cases,  and  at  a  comparatively  slight  increase  of 
wages  per  capita ! 

15.  The  clerk  in  the  factory  is  the  particular  horror  of  the 
old-style  manufacturer.  He  realizes  the  expense  each  time  that 
he  looks  at  liim,  and  fails  to  see  any  adequate  return ;  yet  by 
the  plan  here  described  the  clerk  becomes  one  of  the  most 
valuable  agents  of  the  company. 

16.  If  the  plan  of  grading  labor  and  recording  each  man's 
performance  is  so  much  superior  to  the  old  day-work  method  of 
handling  men,  why  is  it  not  all  that  is  required?  Because  no 
foreman  can  watch  and  study  all  of  liis  men  all  of  the  time,  and 
because  any  system  of  laying  out  and  apportioning  work,  and  of 
retumn  and  records,  which  is  sufficiently  elaborate  to  keep 
proper  account  of  the  performance  of  each  workman,  is  more 
complicated  than  piece-work.  It  is  evident  that  that  system  is 
the  best  which,  in  attaining  the  desired  result,  presents  in  the 
long  run  the  course  of  least  resistance. 

17.  The  inherent  and  most  serious  defect  of  even  the  best 
managed  day-work  lies  in  the  fact  that  there  is  nothing  about 
the  system  that  is  self-sustaining.  "When  once  the  men  are 
working  at  a  rapid  pace,  there  is  nothing  but  the  constant, 
unremitting  watchfulness  and  energy  of  the  management  to  keep 


A   PIECE-KATE   SYSTEM.  863 

them  there ;  while  with  every  form  of  piece-work  each  new  rate 
that  is  fixed  insures  a  given  speed  for  another  section  of  work, 
and  to  that  extent  relieves  the  foreman  from  worry. 

18.  From  the  best  type  of  day-work  to  ordinary  piece-work 
the  step  is  a  short  one.  With  good  day-work  the  various  oper- 
ations of  manufacturing  should  have  been  divided  into  small  sec- 
tions or  jobs,  in  order  to  properly  gauge  the  efficiency  of  the  men; 
and  the  quickest  time  should  have  been  recorded  in  which  each 
operation  has  been  performed.  The  change  from  paying  by  the 
hour  to  paying  by  the  job  is  then  readily  accomplished. 

19.  The  theory  upon  which  the  ordinary  system  of  piece- 
work operates  to  the  benefit  of  the  manufacturer  is  exceedingly 
.simple.  Each  workman,  with  a  definite  price  for  each  job 
before  him,  contrives  a  way  of  doing  it  in  a  shorter  time,  either 
by  working  harder  or  by  improving  his  method ;  and  he  thus 
makes  a  larger  profit.  After  the  job  has  been  repeated  a  number 
of  times  at  the  more  rapid  rate,  the  manufacturer  thinks  that  he 
should  also  begin  to  share  in  the  gain,  and  therefore  reduces 
the  price  of  the  job  to  a  figure  at  which  the  workman,  although 
working  harder,  earns,  perhaps,  but  little  more  than  he  originally 
did  when  on  day-work. 

20.  The  actual  working  of  the  system,  however,  is  far  different. 
Even  the  most  stupid  man,  after  receiving  two  or  three  piece- 
work "  cuts  "  as  a  reward  for  his  having  worked  harder,  resents 
this  treatment  and  seeks  a  remedy  for  it  in  the  future.  Thus 
begins  a  war,  generally  an  amicable  war,  but  none  the  less  a  war, 
between  the  workmen  and  the  management.  The  latter  endeav- 
ors by  every  means  to  induce  the  workmen  to  increase  the  out- 
put, and  the  men  gauge  the  rapidity  with  which  they  work,  so 
as  never  to  earn  over  a  certain  rate  of  waojes,  knowins^  that  if 
they  exceed  this  amount  the  piece-work  price  will  surely  be 
cut,  sooner  or  later. 

21.  But  the  war  is  by  no  means  restricted  to  piece-work. 
Every  intelligent  workman  realizes  the  importance,  to  his  own 
interest,  of  starting  in  on  each  new  job  as  slowly  as  possible. 
There  are  few  foremen  or  superintendents  who  have  anything 
but  a  general  idea  as  to  how  long  it  should  take  to  do  a  piece  of 
work  that  is  new  to  them.  Therefore,  before  fixing  a  piece-work 
price,  they  prefer  to  have  the  job  done  for  the  first  time  by  the 
day.  They  watch  the  j^rogress  of  the  work  as  closely  as  their 
other  duties  will  permit,  and  make  up  their  minds  how  quickly 
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it  can  be  done.  It  becomes  the  workman's  interest  then  to  go 
just  as  slowlr  as  possible,  and  slill  convince  his  foreman  that 
be  is  working  well. 

22.  The  extent  to  which,  even  in  our  largest  and  best-managed 
establishments,  this  plan  of  holding  back  on  the  work — "  mark- 
in*'  time,"  or  "  soldiering,"  as  it  is  called — is  carried  on  by  the 
men,  can  scarcely  be  understood  by  one  who  has  not  worked 
among  them.  It  is  by  no  means  uncommon  for  men  to  work  at 
the  rate  of  one-third,  or  even  one-quarter,  their  maximum  speed, 
and  still  preserve  the  appearance  of  working  hard.  And  when 
a  rate  has  once  been  fixed  on  such  a  false  basis,  it  is  easy  for  the 
men  to  nurse  successfully  "  a  soft  snap  "  of  this  sort  through  a 
term  of  years,  earning  in  the  meanwhile  just  as  much  wages  as 
they  think  they  can  without  having  the  rate  cut. 

23.  Thus  arises  a  system  of  hypocrisy  and  deceit  on  the  part 
of  the  men  which  is  thoroughly  demoralizing,  and  which  has  led 
manv  workmen  to  regard  their  employers  as  their  natural 
enemies,  to  be  opposed  in  whatever  they  want,  believing  that 
whatever  is  for  the  interest  of  the  management  must  necessarily 
be  to  their  detriment. 

24.  The  effect  of  this  system  of  piece-work  on  the  character  of 
the  men  is,  in  many  cases,  so  serious  as  to  make  it  doubtful 
whether,  on  the  whole,  well-managed  day-work  is  not  preferable. 

25.  There  are  several  modifications  of  the  ordinary  method  of 
piece-work  which  tend  to  lessen  the  evils  of  the  system,  but  I 
know  of  none  that  can  eradicate  the  fundamental  causes  for  war, 
and  enable  the  managers  and  the  men  to  heartily  cooperate  in 
obtaining  the  maximum  product  from  the  establishment.  It  is 
the  writer's  opinion,  however,  that  the  differential  rate  system 
of  piece-work,  which  will  be  described  later,  in  most  cases 
entirely  harmonizes  the  interests  of  both  parties. 

26.  One  method  of  temporarily  relieving  the  strain  between 
workmen  and  employers  consists  in  reducing  the  price  paid  for 
work,  and  at  the  same  time  guaranteeing  the  men  against  further 
reduf'tioii  for  a  definite  pericMl.  If  this  period  be  made  suffi- 
ciently long,  the  men  are  tempted  to  let  themselves  out  and  earn 
as  much  money  as  they  can.  tlius  '•  spoiling  "  their  own  job  by 
another  "  cut "  in  rates  when  the  period  has  expired. 

27.  Perliaps  the  most  successful  modification  of  the  ordinary 
system  of  pi»ce-work  is  the  ''  gain-sharing  plan."  This  was  in- 
vented by  ^Ir.   Henry  R.  Towne,  in  1886,   and  has  since  been 
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extensively  and  successfully  applied  by  him  in  the  Tale  & 
Towne  Manufacturing  Co.,  at  Stamford,  Conn.  It  was  admirably 
described  in  a  paper  which  he  read  before  this  Society  in  1888. 
This  system  of  paying  men  is,  however,  subject  to  the  serious, 
and  I  think  fatal,  defect  that  it  does  not  recognize  the  personal 
merit  of  each  workman ;  the  tendency  being  rather  to  herd 
men  together  and  promote  trades-unionism,  than  to  develop  each 
man's  individuality. 

28.  A  still  further  improvement  of  this  method  was  made  by 
Mr.  F.  A.  Halsey,  and  described  by  him  in  a  paper  entitled 
"  The  Preminm  Plan  of  Paying  for  Labor,"  and  presented  to  this 
Society  in  1891.  Mr.  Halsey's  plan  allows  free  scope  for  each 
man's  personal  ambition,  which  Mr.  Towne 's  does  not. 

29.  Messrs.  Towne  and  Halsey's  plans  consist  briefly  in  record- 
ing the  cost  of  each  job  as  a  starting-point  at  a  certain  time ; 
then,  if,  through  the  effort  of  the  workmen  in  the  future,  the  job 
is  done  in  a  shorter  time  and  at  a  lower  cost,  the  gain  is  divided 
among  the  workmen  and  the  employer  in  a  definite  ratio,  the 
workmen  receiving,  say,  one-half,  and  the  employer  one-half. 

30.  Under  this  plan,  if  the  employer  lives  up  to  his  promise, 
and  the  workman  has  confidence  in  his  integrity,  there  is  the 
proper  basis  for  cooperation  to  secure  sooner  or  later  a  large 
increase  in  the  output  of  the  establishment. 

Yet  there  still  remains  the  temptation  for  the  workman  to 
"  soldier  ''  or  hold  back  while  on  day-work,  which  is  the  most 
difficult  thing  to  overcome.  And  in  this  as  well  as  in  all  the 
systems  heretofore  referred  to,  there  is  the  common  defect : 
that  the  starting-point  from  which  the  first  rate  is  fixed  is 
unequal  and  unjust.  Some  of  the  rates  may  have  resulted  from 
records  obtained  when  a  good  man  was  working  close  to  his 
maximum  speed,  while  others  are  based  on  the  performance  of 
a  medium  man  at  one-third  or  one-quarter  speed.  From  this 
follows  a  great  inequality  and  injustice  in  the  reward  even  of 
the  same  man  when  at  work  on  different  jobs.  The  result  is 
far  from  a  realization  of  the  ideal  condition  in  which  the  same 
return  is  uniformly  received  for  a  given  expenditure  of  brains 
and  energy.  Other  defects  in  the  gain-sharing  plan,  and  which 
are  corrected  by  the  differential  rate  system,  are  : 

(1)  That  it  is  slow  and  irregular  in  its  operation  in  reducing 
costs,  being  dependent  upon  the  whims  of  the  men  working 
under  it. 
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(2^  That  it  fails  to  especially  attract  first-class  men  and  dis- 
courage inferior  men. 

(3)  That  it  does  not  automatically  insure  the  maximum  out- 
put of  the  establishment  per  man  and  machine. 

31.  Cooperation,  or  profit  sharing,  has  entered  the  mind  of 
every  student  of  the  subject  as  one  of  the  possible  and  most 
attractive  solutions  of  the  problem  ;  and  there  have  been  certain 
instances,  both  in  England  and  France,  of  at  least  a  partial 
success  of  cooperative  experiments. 

So  far  as  I  know,  however,  these  trials  have  been  made  either 
in  small  towns,  remote  from  the  manufacturing  centres,  or  in 
industries  which  in  many  respects  are  not  subject  to  ordinary 
manufacturing  conditions. 

32.  Cooperative  experiments  have  failed,  and,  I  think,  are 
generally  destined  to  fail,  for  several  reasons,  the  first  and 
most  important  of  which  is,  that  no  form  of  cooperation  has 
yet  been  devised  in  which  each  individual  is  allowed  free  scope 
for  his  personal  ambition.  This  always  has  been  and  will  re- 
main a  more  powerful  incentive  to  exertion  than  a  desire  for 
the  general  welfare.  The  few  misplaced  drones,  who  do  the 
loafing  and  share  equally  in  the  profits  with  the  rest,  under  co- 
operation are  sure  to  drag  the  better  men  down  toward  their 
level. 

33.  The  second  and  almost  equally  strong  reason  for  failure 
lies  in  the  remoteness  of  the  reward.  The  average  workman 
(I  don't  say  all  men)  cannot  look  forward  to  a  profit  which  is 
six  months  or  a  year  away.  The  nice  time  which  they  are  sure 
to  have  to-day,  if  they  take  things  easily,  proves  more  attract- 
ive than  hard  work,  with  a  possible  reward  to  be  shared  with 
others  six  months  later. 

34.  Other  and  formidable  difiiculties  in  the  path  of  coop- 
eration are,  the  equitable  division  of  the  profits,  and  the  fact 
that,  while  workmen  are  always  ready  to  share  the  profits, 
they  are  neither  able  nor  willing  to  share  the  losses.  Further 
than  thin,  in  many  cases,  it  is  neither  right  nor  just  that  they 
Hhould  share  either  in  the  profits  or  the  losses,  since  these  may 
be  due  in  great  part  to  causes  entirely  beyond  their  influence 
or  control,  and  to  wliich  they  do  not  contribute. 

35.  A\  hen  we  recognize  the  real  antagonism  that  exists  be- 
twe*;n  the  interests  of  the  men  and  their  employers,  under  all 
of  the  Hystems  of  piece-work  in  common  use  ;  and  when  we  re- 
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member  the  apparently  irreconcilable  conflict  implied  in  the 
fundamental  and  perfectly  legitimate  aims  of  the  two  :  namely, 
on  the  part  of  the  men  : 

THE  UNIVERSAL  DESIRE  TO  RECEIVE  THE  LARGEST  POSSIBLE  WAGES 
FOR  THEIR  TIME. 

And  on  the  part  of  the  employers  : 

THE  DESIRE  TO  RECEIVE  THE  LARGEST  POSSIBLE  RETURN  FOR  THE 
WAGES  PAID. 

What  wonder  that  most  of  us  arrive  at  the  conclusion  that  no 
system  of  piece-work  can  be  devised  which  shall  enable  the  two 
to  cooperate  without  antagonism,  and  to  their  mutual  benefit  ? 

36.  Yet  it  is  the  opinion  of  the  writer,  that  even  if  a  system 
has  not  already  been  found  which  harmonizes  the  interests  of 
the  two,  still  the  basis  for  harmonious  cooperation  lies  in  the 
two  following  facts : 

J^irst.  That  the  icorkmen  in  nearly  *  every  trade  can  and  will 
inaterially  increase  their  present  output  per  day,  providing  they  are 
assured  of  a  permanent  and  larger  return  for  their  time  than  they 
have  heretofore  received. 

Second.  That  the  employers  can  well  afford  to  pay  higher  icages  per 
piece  even  permanently ,  providing  each  man  and  machine  in  the  estab- 
lishment turns  out  a  proportionately  larger  amount  of  ivork. 

37.  The  truth  of  the  latter  statement  arises  from  the  well- 
recognized  fact  that,  in  most  lines  of  manufacture,  the  indirect 
expenses  equal  or  exceed  the  wages  paid  directly  to  the  work- 
men, and  that  these  expenses  remain  approximately  constant, 
whether  the  output  of  the  establishment  is  great  or  small. 

From  this  it  follows  that  it  is  always  cheaper  to  pay  higher 
wages  to  the  workmen  when  the  output  is  proportionately  in 
creased  ;  the  diminution  in  the  indirect  portion  of  the  cost  per 
piece  being  greater  than  the  increase  in  wages.  Many  manu- 
facturers, in  considering  the  cost  of  production,  fail  to  realize  the 
effect  that  the  voluine  of  output  has  on  the  cost.  They  lose  sight 
of  the  fact  that  taxes,  insurance,  depreciation,  rent,  interest,  sal- 

*  The  writer's  knowledge  of  the  speed  attained  in  the  mar.ufacture  of  textile 
goods  is  very  limited.  It  is  his  opinion,  however,  that  owing  to  the  c(nuparative 
uniformity  of  this  class  of  work,  and  the  enormous  number  of  machines  and  men 
engaged  on  siniihir  operations,  the  maximum  output  per  man  and  machine  is 
more  nearly  realized  in  this  class  of  manufactures  than  in  any  other.  If  this  is 
the  case,  the  opportunity  for  improvement  does  not  exist  to  the  same  extent  here 
as  in  other  trades.  Some  illustrations  of  the  possible  increase  in  the  daily  out- 
put of  men  and  machines  are  given  in  paragraphs  78  to  82. 
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aries,  office  expenses,  miscellaneous  labor,  sales  expenses,  and 
frequently  the  cost  of  power  (whicli  in  the  aggregate  amount  to 
as  much  as  wagos  paid  to  workmen),  remain  about  the  same 
whether  the  output  of  the  establishment  is  great  or  small. 

38.  In  our  endeavor  to  solve  the  piece-work  problem  by  the 
application  of  the  two  fundamental  facts  above  referred  to,  let 
us  consider  the  obstacles  in  the  path  of  harmonious  coopera- 
tion, and  suggest  a  method  for  their  removal. 

39.  The  most  formidable  obstacle  is  the  lack  of  knowledge 
on  the  part  of  both  the  men  and  the  management  (but  chiefly 
the  latter)  of  the  quickest  time  in  which  each  piece  of  work  can 
be  done  :  or,  briefly,  the  lack  of  accurate  time-tables  for  the  work 
of  the  place. 

40.  The  remedy  for  this  trouble  lies  in  the  establishment  in 
every  factory  of  a  proper  rate-flxing  department  ;  a  department 
which  shall  have  equal  dignity  and  command  equal  respect  with 
the  engineering  and  managing  departments,  and  which  shall  be 
organized  and  conducted  in  an  equally  scientific  and  practical 
manner. 

4 1 .  The  rate-fixing,  as  at  present  conducted,  even  in  our  best- 
managed  establishments,  is  very  similar  to  the  mechanical  en- 
gineering of  fifty  or  sixty  years  ago.  Mechanical  engineering 
at  that  time  consisted  in  imitating  machines  which  were  in  more 
or  less  successful  use,  or  in  guessing  at  the  dimensions  and 
strength  of  the  parts  of  a  new  machine  ;  and  as  the  parts  broke 
down  or  gave  out,  in  replacing  them  with  stronger  ones.  Thus 
each  new  machine  presented  a  problem  almost  independent  of 
former  designs,  and  one  which  could  only  be  solved  by  months 
or  years  oi  practical  experience  and  a  series  of  break -downs. 

Modern  engineering,  however,  has  become  a  study,  not  of 
individual  machines,  but  of  the  resistance  of  materials,  the 
fundamental  principles  of  mechanics,  and  of  the  elements  of 
design. 

42.  On  the  otlier  hand,  the  ordinary  rate-fixing  (even  the 
best  of  itj,  like  the  old-style  engineering,  is  done  by  a  foreman 
or  superintendent,  who,  with  the  aid  of  a  clerk,  looks  over  the 
record  of  the  time  in  which  a  whole  job  was  done  as  nearly  like 
the  new  one  as  can  be  found,  and  then  guesses  at  the  time 
required  to  do  the  new  job.  No  attempt  is  made  to  analyze  and 
time  each  of  the  classes  of  work,  or  elements  of  which  a  job  is 
comj>08ed  ;  altliough  it  is  a  far  simpler  task  to  resolve  each  job 
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into  its  elements,  to  make  a  careful  study  of  the  quickest  time 
in  which  each  of  the  elementary  operations  can  be  done,  and 
then  to  properly  classify,  tabulate,  and  index  this  information, 
and  use  it  when  required  for  rate  fixing,  than  it  is  to  fix  rates, 
with  even  an  ap23roximation  to  justice,  under  the  common  sys- 
tem of  guessing. 

43.  In  fact,  it  has  never  occurred  to  most  superintendents 
that  the  work  of  their  establishments  consists  of  various  com- 
binations of  elementary  operations  which  can  be  timed  in  this 
way ;  and  a  suggestion  that  this  is  a  practical  way  of  dealing 
with  the  piece-work  problem  usually  meets  with  derision,  or,  at 
the  best,  with  the  answer  that  "  It  might  do  for  some  simple 
business,  but  my  work  is  entirely  too  complicated." 

44.  Yet  this  elementary  system  of  fixing  rates  has  been  in  suc- 
cessful operation  for  the  past  ten  years,  on  work  complicated  in 
its  nature,  and  covering  almost  as  wide  a  range  of  variety  as 
any  manufacturing  that  the  writer  knows  of.  In  1883,  while 
foreman  of  the  machine  shop  of  the  Midvale  Steel  Company  of 
Philadelphia,  it  occurred  to  the  writer  that  it  was  simpler  to 
time  each  of  the  elements  of  the  various  kinds  of  work  done  in 
the  place,  and  then  find  the  quickest  time  in  which  each  job 
could  be  done,  by  summing  up  the  total  times  of  its  com- 
ponent parts,  than  it  was  to  search  through  the  records  of  former 
jobs,  and  guess  at  the  proper  price.  After  practising  this  method 
of  rate-fixing  himself  for  about  a  year,  as  well  as  circumstances 
would  permit,  it  became  evident  that  the  system  was  a  success. 
The  writer  then  established  the  rate-fixing  department,  w^hich 
has  given  out  piece-work  prices  in  the  place  ever  since. 

45.  This  department  far  more  than  paid  for  itself  from  the 
very  start ;  but  it  w^as  several  years  before  the  full  benefits  of 
the  system  were  felt,  owing  to  the  fact  that  the  best  methods 
of  making  and  recording  time  observations  of  work  done  by  the 
men,  as  well  as  of  determining  the  maximum  capacity  of  each  of 
the  machines  in  the  place,  and  of  making  working-tables  and 
time-tables,  were  not  at  first  adopted. 

46.  Before  the  best  results  were  finally  attained  in  the  case  of 
work  done  by  metal-cutting  tools,  such  as  lathes,  planers,  boring 
mills,  etc.,  a  long  and  expensive  series  of  experiments  was 
made,  to  determine,  formulate,  and  finally  practically  apply  to 
each  machine  the  law  governing  the  proper  cutting  speed  of 
tools  ;  namely,  the  efi'ect  on  the  cutting  speed  of  altering  any 
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one  of  the  following  variables  :  the  shape  of  the  tool  (/.e.,  lip 
angle,  clearance  angle,  and  the  line  of  the  cutting  edge),  the 
duration  of  the  cut,  the  quality  or  hardness  of  the  metal  being 
cut,  the  depth  of  the  cut,  and  the  thickness  of  the  feed  or  shav- 
ing. 

47.  It  is  the  writer's  opinion  that  a  more  complicated  and 
difficult  piece  of  rate-fixing  could  not  be  found  than  that  of  de- 
termining the  proper  price  for  doing  all  kinds  of  machine  work 
on  miscellaneous  steel  and  iron  castings  and  forgings,  which 
vary  in  their  chemical  composition  from  the  softest  iron  to  the 
hardest  tool  steel.  Yet  this  problem  was  solved  through  the 
rate-fixing  department  and  the  "  differential  rate,"  with  the 
final  result  of  completely  harmonizing  the  men  and  the  manage- 
ment, in  place  of  the  constant  war  that  existed  under  the  old 
system.  At  the  same  time  the  quality  of  the  work  was  improved, 
and  the  output  of  the  machinery  and  the  men  was  doubled, 
and,  in  many  cases,  trebled.  At  the  start  there  was  naturally 
great  opposition  to  the  rate-fixing  department,  particularly  to 
the  man  who  was  taking  time  observations  of  the  various  ele- 
ments of  the  work ;  but  when  the  men  found  that  rates  were 
fixetl  without  regard  to  the  records  of  the  quickest  time  in  which 
they  had  actually  done  each  job,  and  that  the  knowledge  of  the 
department  was  more  accurate  than  their  own,  the  motive  for 
hanging  back  or  "  soldiering  "  on  this  work  ceased,  and  with  it 
the  greatest  cause  for  antagonism  and  war  between  the  men  and 
the  management. 

48.  As  an  illustration  of  the  great  variety  of  work  to  which 
elementary  rate-fixing  has  already  been  successfully  applied, 
the  writer  would  state  that,  while  acting  as  general  manager  of 
two  large  sulphite  pulp  mills,  he  directed  the  applicaticm  of 
piece-work  to  all  of  the  complicated  operations  of  manufactur- 
ing tliroughout  one  of  these  mills,  by  means  of  elementary  rate- 
fixing,  with  the  result,  within  eighteen  months,  of  more  than 
douV)ling  the  output  of  the  mill. 

The  difference  between  elementary  rate-fixing  and  the  ordi- 
nary plan  can  perhaps  be  best  explained  by  a  simple  illus- 
tration. Suppose  the  work  to  be  planiug  a  surface  on  a  piece 
of  rast  iron.  In  the  ordinary  system  the  rate-fixer  would  look 
through  his  records  of  work  done  by  the  planing-machine,  until 
he  found  a  piece  of  work  as  nearly  as  possible  similar  to  the  pro- 
posed job,  and  then  guess  at  the  time  required  to  do  the  new 
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piece  of  work.     Under   the  elementary  system,  however,  some 
such  analysis  as  the  following  would  be  made  : 

Work  done  by  Man.  Minutes. 

Time  to  lift  piece  from  floor  to  planer  table 

Time  to  level  and  set  work  true  on  table 

Time  lo  put  on  stops  and  bol ts 

Time  to  remove  stops  and  bolts ,-. 

Time  to  remove  piece  to  floor 

Time  to  clean  machine 

Work  done  by  Machine.  Minutes. 

Time  to  rougli  off  cut  tin.  thick,  4  feet  long,  2^  ins.  wide.  

Time  to  rough  off  cut  §  in.  thick,  3  feet  long,  12  ins.  wide,  etc.  

Time  to  finish  cut  4  feet  long,  2|-  ins.  wide 

Time  to  fiuish  cut  3  feet  long,  12  ius.  wide,  etc 

Total Z^ 

Add per  cent,  for  unavoidable  delays 


It  is  evident  that  this  job  consists  of  a  combination  of  ele- 
mentary operations,  the  time  required  to  do  each  of  which  can 
be  readily  determined  by  observation. 

This  exact  combination  of  operations  may  never  occur  again, 
but  elementary  operations  similar  to  these  will  be  performed  in 
differing  combinations  almost  every  day  in  the  same  shop. 

A  man  whose  business  it  is  to  fix  rates  soon  becomes  so 
familiar  with  the  time  required  to  do  each  kind  of  elementary 
work  performed  by  the  men,  that  he  can  write  down  the  time 
from  memory. 

In  the  case  of  that  part  of  the  work  which  is  done  by  the 
machine  the  rate-fixer  refers  to  tables  which  are  made  out  for 
each  machine,  and  from  which  he  takes  the  time  required  for  any 
combination  of  breadth,  depth,  and  length  of  cut, 

49.  While,  however,  the  accurate  knowledge  of  the  quickest 
time  in  which  work  can  be  done,  obtained  by  the  rate-fixing 
department  and  accepted  by  the  men  as  standard,  is  the  great- 
est and  most  important  step  towards  obtaining  the  maximum 
output  of  the  establishment,  it  is  one  thing  to  know  how  much 
work  can  be  done  in  a  day,  and  an  entirely  different  matter  to 
get  even  the  best  men  to  work  at  their  fastest  speed  or  any- 
where near  it. 

50.  The  means  which  the  writer  has  found  to  be  by  far  the 
most  effective  in  obtaining  the  maximum  output  of  a  shop,  and 
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which,  SO  far  as  he  can  see,  satisfies  the  legitimate  requirements, 
both  of  the  men  and  the  management,  is  the  differential  rate 
f^ystem  of  piece- irorl\ 

This  consists  briefly  in  paying  a  higher  price  per  piece,  or 
per  unit,  or  per  job,  if  the  work  is  done  in  the  shortest  possible 
time,  and  without  imperfections,  than  is  paid  if  the  work  takes 
a  longer  time  or  is  imperfectly  done. 

51.  To  illustrate  :  Suppose  20  units  or  pieces  to  be  the 
largest  amount  of  work  of  a  certain  kind  that  can  be  done  in  a 
dav.  Under  the  differential  rate  system,  if  a  workman  finishes 
20  pieces  per  day,  and  all  of  these  pieces  are  perfect,  he  re- 
ceives, say,  15  cents  per  piece,  making  his  pay  for  the  day 
15  X  20  =  $3.  If,  however,  he  works  too  slowly  and  turns 
out,  sav,  only  19  pieces,  then,  instead  of  receiving  15  cents 
per  piece  he  gets  only  12  cents  per  piece,  making  his  pay  for 
the  day  12   x  19  =  $2.28,  instead  of  $3  per  day. 

If  he  succeeds  in  finishing  20  pieces,  some  of  which  are 
imperfect,  then  he  should  receive  a  still  lower  rate  of  pay,  say, 
10  cents  or  5  cents  per  piece,  according  to  circumstances,  making 
his  pay  for  the  day  $2,  or  only  $1,  instead  of  $3. 

52.  It  will  be  observed  that  this  style  of  piece-work  is  directly 
the  opposite  of  the  ordinary  plan.  To  make  the  difference  be- 
tween the  two  methods  more  clear :  Supposing,  under  the  ordi- 
nary system  of  piece-work,  that  the  workman  has  been  turning 
out  16  pieces  per  day,  and  has  received  15  cents  per  piece, 
then  his  day's  wages  would  be  15  x  16  =  $2.40.  Through  extra 
exertion  he  succeeds  in  increasing  his  output  to  20  pieces 
per  day,  and  thereby  increases  his  pay  to  15  x  20  =  $3.  The 
employer,  under  the  old  system,  however,  concludes  that  $3 
is  too  much  for  the  man  to  earn  per  day,  since  other  men  are 
only  getting  from  $2.25  to  $2.50,  and  therefore  cuts  the  price 
from  15  cents  per  piece  to  12  cents,  and  the  man  finds  himself 
working  at  a  more  rapid  pace,  and  yet  earning  only  the  same 
old  wages,  12  x  20  =  $2.40  per  day.  What  wonder  that  men  do 
not  care  to  repeat  this  performance  many  times  ? 

Oo.  Wliotlier  cooperation,  the  differential  plan,  or  some  other 
form  of  i)ioc*;-work  Ije  cliosen  in  connection  with  elementary 
rate-fixing,  as  the  best  method  of  working,  there  are  certain 
fundamental  facts  and  principles  which  must  be  recognized  and 
incorporated  in  any  system  of  management,  before  true  and  last- 
ing HUccesH  can  be  attained  ;  and  most  of  these  facts  and  prin- 
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ciples  will  be  found  to  be  not  far  removed  from  what  the 
strictest  moralists  would  call  justice. 

54.  The  most  important  of  these  facts  is,  that  men  will  not  do 

AN  EXTKAORDINARY  DAY'S  WORK  FOR  AN  ORDINARY  DAY's  PAY  ;  and  any 

attempt  on  the  part  of  employers  to  get  the  best  work  out  of 
their  men  and  give  them  the  standard  wages  paid  by  their 
neighbors  will  surely  be,  and  ought  to  be,  doomed  to  failure. 

55.  Justice,  however,  not  only  demands  for  the  workman  an 
increased  reward  for  a  large  day's  work,  but  should  compel  him 
to  suffer  an  appropriate  loss  in  case  his  work  falls  off  either  in 
quantity  or  quality.  It  is  quite  as  important  that  the  deduc- 
tions for  bad  work  should  be  just,  and  graded  in  proportion  to 
the  shortcomings  of  the  workman,  as  that  the  reward  should  be 
proportional  to  the  work  done. 

The  fear  of  being  discharged,  which  is  practically  the  only 
penalty  applied  in  many  establishments,  is  entirely  inadequate 
to  producing  the  best  quantity  and  quality  of  work  ;  since  the 
workmen  find  that  they  can  take  many  liberties  before  the  man- 
agement makes  up  its  mind  to  apply  this  extreme  penalty. 

56.  It  is  clear  that  the  differential  rate  satisfies  automatically, 
as  it  were,  the  above  conditions  of  properly  graded  rewards  and 
deductions.  Whenever  a  workman  works  for  a  day  (or  even  a 
shorter  period)  at  his  maximum,  he  receives  under  this  system 
unusually  high  wages ;  but  when  he  falls  off  either  in  quantity 
or  quality  from  the  highest  rate  of  efficiency  his  pay  falls  below 
even  the  ordinary. 

57.  The  lower  differential  rate  should  be  fixed  at  a  figure 
which  will  allow  the  workman  to  earn  scarcely  an  ordinary  day's 
pay  when  he  falls  off  from  his  maximum  pace,  so  as  to  give  him 
every  inducement  to  work  hard  and  well. 

58.  The  exact  percentage  beyond  the  usual  standard  which 
must  be  paid  to  induce  men  to  work  to  their  maximum  varies 
with  different  trades  and  with  different  sections  of  the  country. 
And  there  are  places  in  the  United  States  where  the  men 
(generally  speaking)  are  so  lazy  and  demoralized  that  no 
sufficient  inducement  can  be  offered  to  make  them  do  a  full 
day's  work. 

59.  It  is  not,  however,  sufficient  that  each  workman's  ambition 
should  be  aroused  by  the  prospect  of  larger  pay  at  the  end  of 
even  a  comparatively  short  period  of  time.  The  stimulus  to 
maximum  exertion  should  be  a  daily  one. 

56 
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This  involves  such  vigorous  and  rapid  inspection  and  returns 
as  to  enable  each  workman  in  most  cases  to  know  each  day  the 
exact  result  of  his  previous  day's  work — /.  e.,  whether  he  has  suc- 
ceeded in  earning  his  maximum  pay,  and  exactly  what  his  losses 
are  for  careless  or  defective  work.  Two-thirds  of  the  moral 
effect,  eitlier  of  a  reward  or  penalty,  is  lost  by  even  a  short  post- 
ponement 

60.  It  will  again  be  noted  that  the  differential  rate  system 
forces  this  condition  both  upon  the  management  and  the  work- 
men, since  the  men,  while  working  under  it,  are  above  all  anxious 
to  know  at  the  earliest  possible  minute  whether  they  have  earned 
their  high  rate  or  not.  And  it  is  equally  important  for  the  man- 
agement to  know  whether  the  work  has  been  properly  done. 

61.  As  far  as  possible  each  man's  work  should  be  inspected 
and  measured  separately,  and  his  pay  and  losses  should  depend 
upon  his  individual  efforts  alone.  It  is,  of  course,  a  necessity 
that  much  of  the  work  of  manufacturing — such,  for  instance,  as 
running  roll-trains,  hammers,  or  paper  machines — should  be 
done  by  gangs  of  men  who  cooper^e  to  turn  out  a  common 
product,  and  that  each  gang  of  men  should  be  paid  a  definite 
price  for  the  work  turned  out,  just  as  if  they  were  a  single  man. 

In  the  distribution  of  the  earnings  of  a  gang  among  its  mem- 
bers, the  percentage  which  each  man  receives  should,  however, 
depend  not  only  upon  the  kind  of  work  which  each  man  performs, 
but  upon  the  accuracy  and  energy  with  which  he  fills  his  position. 

In  this  way  the  personal  ambition  of  each  of  a  gang  of  men 
may  be  given  its  proper  scope. 

62.  Again,  we  find  the  differential  rate  acting  as  a  most  power 
ful  lever  to  force  each  man  in  a  gang  of  workmen  to  do  his  best ; 
Bince  if,  tli rough  the  carelessness  or  laziness  of  any  one  man,  the 
gang  fails  to  earn  its  high  rate,  the  drone  will  surely  be  obliged 
by  his  companions  to  do  his  best  the  next  time  or  else  get  out. 

63.  A  great  advantage  of  the  differential  rate  system  is  that 
it  quickly  drives  away  all  inferior  workmen,  and  attracts  the 
men  best  suited  to  the  class  of  work  to  which  it  is  applied  ; 
since  none  but  really  good  men  can  work  fast  enough  and  accu- 
rately enough  to  earn  the  high  rate  ;  and  the  low  rate  should  be 
made  so  small  as  to  be  unattractive  even  to  an  inferior  man. 

64  If  for  no  other  reason  than  it  secures  to  an  establishment 
a  quick  and  jictive  set  of  workmen,  the  differential  rate  is  a  valu- 
able aid,  since  men  are  largely  creatures  of  habit ;  and  if  the 
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piece-workers  of  a  place  are  forced  to  move  quickly  and  work 
hard  the  day-workers  soon  get  into  the  same  way,  and  the  whole 
shop  takes  on  a  more  rapid  pace. 

65.  The  greatest  advantage,  however,  of  the  differential  rate  for 
piece-work,  in  connection  with  a  proper  rate-fixing  department, 
is  that  together  they  produce  the  proper  mental  attitude  on  the 
part  of  the  men  and  the  management  toward  each  other.  In  place 
of  the  indolence  and  indifference  which  characterize  the  work- 
men of  many  day-work  establishments,  and  to  a  considerable  ex- 
tent also  their  employers  ;  and  in  place  of  the  constant  watchful- 
ness, suspicion,  and  even  antagonism  with  which  too  frequently 
the  men  and  the  management  regard  each  other,  under  the  ordi- 
nary piece-work  plan,  both  sides  soon  appreciate  the  fact  that 
with  the  differential  rate  it  is  their  common  interest  to  cooperate 
to  the  fullest  extent,  and  to  devote  every  energy  to  turning  out 
daily  the  largest  possible  output.  This  common  interest  quickly 
replaces  antagonism,  and  establishes  a  most  friendly  feeling. 

66.  Of  the  two  devices  for  increasing  the  output  of  a  shop, 
the  differential  rate  and  the  scientific  rate-fixing  department, 
the  latter  is  by  far  the  more  important.  The  differential  rate  is 
invaluable  at  the  start,  as  a  means  of  convincing  men  that  the 
management  is  in  earnest  in  its  intention  of  paying  a  premium 
for  hard  work  ;  and  it  at  all  times  furnishes  the  best  means  of 
maintaining  the  top  notch  of  production ;  but  when,  through  its 
application,  the  men  and  the  management  have  come  to  appre- 
ciate the  mutual  benefit  of  harmonious  cooperation  and  respect 
for  each  other's  rights,  it  ceases  to  be  an  absolute  necessity.  On 
the  other  hand,  the  rate-fixing  department,  for  an  establishment 
doing  a  large  variety  of  work,  becomes  absolutely  indispensable. 
The  longer  it  is  in  operation  the  more  necessary  it  becomes. 

67.  Practically,  the  greatest  need  felt  in  an  establishment 
wishing  to  start  a  rate-fixing  department  is  the  lack  of  data  as 
to  the  proper  rate  of  speed  at  which  work  should  be  done. 

There  are  hundreds  of  operations  which  are  common  to  most 
large  establishments ;  yet  each  concern  studies  the  speed  prob- 
lem for  itself,  and  days  of  labor  are  wasted  in  what  should  be 
settled  once  for  all,  and  recorded  in  a  form  which  is  available  to 
all  manufacturers. 

68.  What  is  needed  is  a  h'and-book  on  the  speed  with  which 
work  can  be  done,  similar  to  the  elementary  engineering  hand- 
books.    And  the  writer  ventures  to  predict  that  such  a  book 
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will  beforo  long  be  forthcoming.  Such  a  book  should  describe 
the  best  method  of  making,  recording,  tabulating,  and  indexing 
time-observations,  since  much  time  and  effort  are  wasted  by  the 
adoption  of  inferior  methods. 

(j9.  The  term  "rate-fixing  department"  has  rather  a  formi- 
dable sound.  In  fact,  however,  that  department  should  consist 
in  most  establishments  of  one  man,  who,  in  many  cases,  need 
give  onlv  a  part  of  his  time  to  the  work. 

70.  When  the  manufacturing  operations  are  uniform  in  char- 
acter, and  repeat  themselves  day  after  day — as,  for  instance,  in 
paper  or  pulp  mills — the  whole  work  of  the  place  can  be  put  upon 
piece-work  in  a  comparatively  short  time  ;  and  when  once  proper 
rates  are  fixed,  the  rate-fixing  department  can  be  dispensed  with, 
at  any  rate  until  some  new  line  of  manufacture  is  taken  up. 

71.  The  system  of  differential  rates  was  first  applied  by  the 
writer  to  a  part  of  the  work  in  the  machine  shop  of  the  Midvale 
Steel  Company,  in  1884.  Its  effect  in  increasing  and  then  main- 
taining the  output  of  each  machine  to  which  it  was  applied  was 
almost  immediate,  and  so  remarkable  that  it  soon  came  into 
high  favor,  with  both  the  men  and  the  management.  It  was 
gradually  applied  to  a  great  part  of  the  work  of  the  establish- 
ment, with  the  result,  in  combination  with  the  rate-fixing  depart- 
ment, of  doubling  and  in  many  cases  trebling  the  output,  and 
at  the  same  time  increasing  instead  of  diminishing  the  accuracy 
of  the  work. 

72.  In  some  cases  it  was  applied  by  the  rate-fixing  depart- 
ment without  an  elementary  analysis  of  the  time  required  to  do 
the  work ;  simply  offering  a  higher  price  per  piece  providing 
the  maximum  output  before  attained  was  increased  to  a  given 
extent.  Even  this  system  met  with  success,  although  it  is  by 
no  means  correct,  since  there  is  no  certainty  that  the  reward  is 
in  just  proportion  to  the  efforts  of  the  workmen. 

73.  In  cases  where  large  and  expensive  machines  are  used, 
such  as  paper  macliines,  steam  hammers,  or  rolling  mills,  in 
wliich  a  large  output  is  dependent  upon  the  severe  manual 
laV>or  as  well  as  the  skill  of  the  workmen  (while  the  chief  cost 
of  production  lies  in  the  expense  of  running  the  machines  rather 
than  in  the  wages  paid),  it  has  been  found  of  great  advantage  to 
eHtablish  two  or  three  differential  rates,  offering  a  higher  and 
higher  price  jier  piece  or  per  ton  as  the  maximum  possible  out- 
put is  approached. 
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74.  As  before  stated,  not  the  least  of  the  benefits  of  ele- 
mentary rate-fixing  are  the  indirect  results. 

The  careful  study  of  the  capabilities  of  the  machines,  and  the 
analysis  of  the  speeds  at  which  they  must  run,  before  differen- 
tial rates  can  be  fixed  which  will  insure  their  maximum  output, 
almost  invariably  result  in  first  indicating  and  then  correcting 
the  defects  in  their  design,  and  in  the  method  of  running  and 
caring  for  them. 

75.  In  the  case  of  the  Midyale  Steel  Company,  to  which  I 
haye  already  referred,  the  machine  shop  was  equipped  with 
standard  tools  furnished  by  the  best  makers,  and  the  study  of 
these  machines,  such  as  lathes,  planers,  boring  mills,  etc.,  which 
was  made  in  fixing  rates,  developed  the  fact  that  they  were  none 
of  them  designed  and  speeded  so  as  to  cut  steel  to  the  best 
advantage.  As  a  result,  this  company  has  demanded  alterations 
from  the  standard  in  almost  every  machine  which  they  have 
bought  during  the  past  eight  years.  They  have  themselves  been 
obliged  to  superintend  the  design  of  many  special  tools  which 
would  not  have  been  thought  of  had  it  not  been  for  elementary 
rate-fixing. 

76.  But  what  is,  perhaps,  of  more  importance  still,  the  rate- 
fixing  department  has  shown  the  necessity  of  carefully  system- 
atizing all  of  the  small  details  in  the  running  of  each  shop  ;  such 
as  the  care  of  belting,  the  proper  shape  for  cutting  tools,  and  the 
dressing,  grinding,  and  issuing  same,  oiling  machines,  issuing 
orders  for  work,  obtaining  accurate  labor  and  materia]  returns, 
and  a  host  of  other  minor  methods  and  processes.  These  details, 
which  are  usually  regarded  as  of  comparatively  small  importance, 
and  many  of  which  are  left  to  the  individual  judgment  of  the 
foreman  and  workmen,  are  shown  by  the  rate-fixing  depart- 
ment to  be  of  paramount  importance  in  obtaining  the  maximum 
output,  and  to  require  the-  most  careful  and  systematic  study 
and  attention  in  order  to  insure  uniformity  and  a  fair  and  equal 
chance  for  each  workman.  Without  this  preliminary  study  and 
systematizing  of  details,  it  is  impossible  to  apply  successfully 
the  differential  rate  in  most  establishments. 

77.  As  before  stated,  the  success  of  this  system  of  piece-work 
depends  fundamentally  upon  the  possibility  of  materially  increas- 
ing the  output  per  man  and  per  machine,  providing  the  proper 
man  be  found  for  each  job  and  the  proper  incentive  be  offered 
to  him. 
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78.  As  an  illustration  of  the  difference  between  what  ought 
to  be  done  by  a  workman  well  suited  to  his  job,  and  what  is 
generally  done,  I  will  mention  a  single  class  of  work,  performed 
in  almost  every  establishment  in  the  country.  In  shovelling 
coal  from  a  car  over  the  side  on  to  a  pile  one  man  should  unload 
forty  tons  per  day,  and  keep  it  up,  year  in  and  year  out,  and 
thrive  under  it. 

With  this  knowledge  of  the  possibilities  I  have  never  failed  to 
find  men  who  were  glad  to  work  at  this  speed  for  from  four  and 
a  half  to  five  cents  per  ton.  The  average  speed  for  unloading 
coal  in  most  places,  however,  is  nearer  fifteen  than  forty  tons 
per  day.  In  securing  the  above  rate  of  speed  it  must  be  clearly 
understood  that  the  problem  is  not  how  to  force  men  to  work 
harder  or  longer  hours  than  their  health  will  permanently  allow ; 
but,  rather,  first,  to  select  among  the  laborers  which  are  to  be 
found  in  every  community  the  men  who  are  physically  able  to 
work  permanently  at  that  job,  and  at  the  speed  mentioned,  with- 
out damage  to  their  health,  and  who  are  mentally  sufficiently 
inert  to  be  satisfied  with  the  monotony  of  the  work,  and  then,  to 
offer  them  such  inducements  as  will  make  them  happy  and  con- 
tented in  doing  so. 

79.  The  first  case  in  which  a  differential  rate  was  applied 
furnishes  a  good  illustration  of  what  can  be  accomplished  by  it. 

A  standard  steel  forging,  many  thousands  of  which  are  used 
each  year,  had  for  several  years  been  turned  at  the  rate  of  from 
four  to  five  per  day  under  the  ordinary  system  of  piece-work, 
r*0  cents  per  piece  being  the  price  paid  for  the  work.  After 
analyzing  the  jol)  and  determining  the  shortest  time  required  to 
do  each  of  the  elementary  operations  of  which  it  was  composed, 
and  then  summing  up  the  total,  the  writer  became  convinced 
that  it  was  possible  to  turn  ten  pieces  a  day.  To  finish  the 
forgings  at  this  rate,  however,  the  machinists  were  obliged  to 
work  at  their  maximum  pace  from  morning  to  night,  and  the 
lathes  were  run  as  fast  as  the  tools  would  allow,  and  under  a 
heavy  feed 

It  will  be  appreciated  that  this  was  a  big  day's  work,  both 
for  men  and  machines,  when  it  is  understood  that  it  involved 
removing,  with  a  single  16-inch  lathe,  having  two  saddles,  an 
average  of  more  than  800  pounds  of  steel  chips  in  ten  hours. 
In  place  of  the  50-cent  rate  tliat  they  had  been  paid  before, 
they  were  given  35  cents  j)er  piece  when  they  turned  them  at 
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ihe  speed  of  10  per  day,  and  when  they  produced  less  than  10, 
they  received  only  25  cents  per  piece. 

80.  It  took  considerable  trouble  to  induce  the  men  to  turn  at 
this  high  speed,  since  they  did  not  at  first  fully  appreciate  that 
it  was  the  intention  of  the  firm  to  allow  them  to  earn  perma- 
nently at  the  rate  of  $3.50  per  day.  But  from  the  day  they 
first  turned  10  pieces  to  the  present  time,  a  period  of  more 
than  ten  years,  the  men  who  understood  their  work  have 
scarcely  failed  a  single  day  to  turn  at  this  rate.  Throughout 
that  time,  until  the  beginning  of  the  recent  fall  in  the  scale  of 
wages  throughout  the  country,  the  rate  was  not  cut. 

81.  During  this  whole  period  the  competitors  of  the  company 
never  succeeded  in  averaging  over  half  of  this  production  per 
lathe,  although  they  knew  and  even  saw  what  was  being  done 
at  Midvale.  They,  however,  did  not  allow  their  men  to  earn 
over  from  $2  to  $2.50  per  day,  and  so  never  even  approached 
the  maximum  output. 

82.  The  following  table  will  show  the  economy  of  paying  high 
wrages  under  the  differential  rate  in  doing  the  above  job  : 

COST  OF  PRODUCTION  PER  LATHE  PER  DAY. 


Ordinary  system  0/  piece-work. 

Man's  wages $2  50 

Machine  cost 3  37 


Total  cost  per  day $5  87 

5  pieces  produced, 
Cost  per  piece  $1  17 


Differential  rate  system. 

Man's  wages $3  50 

Machine  cost 3  37 


Total  cost  per  day $6  87 

10  pieces  produced. 
Cost  per  piece $0  69 


The  above  result  was  mostly,  though  not  entirely,  due  to  the 
differential  rate.  The  superior  system  of  managing  all  of  the 
small  details  of  the  shop  counted  for  considerable. 

83.  There  has  never  been  a  strike  by  men  working  under 
differential  rates,  although  these  rates  have  been  applied  at  the 
Midvale  Steel  Works  for  the  past  ten  years ;  and  the  steel 
business  has  proved  during  this  period  the  most  fruitful  field 
for  labor  organizations  and  strikes.  And  this  notwithstanding 
the  Midvale  Company  has  never  prevented  its  men  from  joining 
any  labor  organization.  All  of  the  best  men  in  the  company  saw 
clearly  that  the  success  of  a  labor  organization  meant  the  lower- 
ing of  their  wages,  in  order  that  the  inferior  men  might  earn 
more,  and,  of  course,  could  not  be  persuaded  to  join. 
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^•i.  I  attribute  a  oreat  part  of  this  success  in  avoiding  strikes 
to  the  hii^h  wages  which  the  best  men  were  able  to  earn  with 
the  diliereutial  rates,  and  to  the  pleasant  feeling  fostered  by 
this  system  ;  but  this  is  by  no  means  the  whole  cause.  It  has 
for  years  been  the  policy  of  that  company  to  stimulate  the 
personal  ambition  of  every  man  in  their  employ,  by  promoting 
them  either  in  wages  or  position  whenever  they  deserved  it,  and 
the  opportunity  came. 

A  careful  record  has  been  kept  of  each  man's  good  points  as 
well  as  his  shortcomings,  and  one  of  the  principal  duties  of  each 
foreman  was  to  make  this  careful  study  of  his  men,  so  that 
substantial  justice  could  be  done  to  each.  When  men,  through- 
out an  estal)lisliment,  are  paid  varying  rates  of  day-work  wages, 
according  to  their  individual  worth,  some  being  above  and  some 
below  the  average,  it  cannot  be  for  the  interest  of  those  receiv- 
ing high  pay  to  join  a  union  with  the  cheap  men. 

85.  No  system  of  management,  however  good,  should  be 
apjilied  in  a  wooden  way.  The  proper  personal  relations 
should  always  be  maintained  between  the  employers  and  men  ; 
and  even  the  prejudices  of  the  workmen  should  l3e  considered 
in  dialing  with  them. 

The  em])loyer  who  goes  through  his  works  with  kid  gloves  on, 
and  is  never  known  to  dirty  his  hands  or  clothes,  and  who 
either  talks  to  his  men  in  a  condescending  or  patronizing  way, 
or  else  not  at  all,  has  no  chance  whatever  of  ascertaining  their 
real  thoughts  or  feelings. 

86.  Above  all  is  it  desirable  that  men  should  be  talked  to 
on  their  own  level  by  those  who  are  over  them.  Each  man 
should  be  encouraged  to  discuss  any  trouble  which  he  may 
have,  either  in  the  works  or  outside,  with  those  over  him. 
Men  would  far  rather  even  be  blamed  by  their  bosses,  espe- 
cially if  the  "  tearing  out "  has  a  touch  of  human  nature  and 
feeling  in  it,  than  to  be  passed  by  day  after  day  without  a  word, 
and  with  no  more  notice  than  if  they  were  part  of  the 
machinery. 

Tlie  opportunity  which  each  man  should  have  of  airing  his 
mind  freely,  and  having  it  out  with  his  employers,  is  a  safety- 
valve  ;  and  if  the  superintendents  are  reasonable  men,  and  listen 
to  and  treat  with  respect  wliat  their  men  have  to  say,  there  is 
absolutely  no  reason  for  labor  unions  and  strikes. 

87.  It  is  not  the  lar^e  charities  (however  generous  they  may 
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be)  that  are  needed  or  appreciated  by  workmen,  such  as  the 
founding  of  libraries  and  starting  workingmen's  clubs,  so  much 
as  small  acts  of  personal  kindness  and  sympathy,  which  estab- 
lish a  bond  of  friendly  feeling  between  them  and  their  employ- 
ers. 

88.  The  moral  effect  of  the  writer's  system  on  the  men  is 
marked.  The  feeling  that  substantial  justice  is  being  done 
them  renders  them  on  the  whole  much  more  manly,  straight- 
forward, and  truthful.  They  work  more  cheerfully,  and  are 
more  obliging  to  one  another  and  their  employers.  They  are 
not  soured,  as  under  the  old  system,  by  brooding  over  the  in- 
justice done  them  ;  and  their  spare  minutes  are  not  spent  to 
the  same  extent  in  criticising  their  employers. 

A  noted  French  engineer  and  steel  manufacturer,  who  recently 
spent  several  weeks  in  the  works  of  the  Midvale  Company  in 
introducing  a  new  branch  of  manufacture,  stated  before  leaving 
that  the  one  thing  which  had  impressed  hiln  as  most  unusual 
and  remarkable  about  the  place  was  the  fact  that  not  only  the 
foremen,  but  the  workmen,  were  expected  to  and  did  in  the  main 
tell  the  truth  in  case  of  any  blunder  or  carelessness,  even  when 
they  had  to  suffer  from  it  themselves. 

89.  From  what  the  writer  has  said  he  is  afraid  that  many 
readers  may  gain  the  impression  that  he  regards  elementary 
rate-fixing  and  the  differential  rate  as  a  sort  of  panacea  for  all 
human  ills. 

This  is,  however,  far  from  the  case.  While  he  regards  the 
possibilities  of  these  methods  as  great,  he  is  of  the  opinion,  on 
the  contrary,  that  this  system  of  management  will  be  adojDtedby 
but' few  establishments,  in  the  near  future,  at  least;  since  its 
really  successful  application  not  only  involves  a  thorough 
organization,  but  requires  the  machinery  and  tools  throughout 
the  place  to  be  kept  in  such  good  repair  that  it  will  be  jDossible 
for  the  workmen  each  day  to  produce  their  maximum  output. 
But  few  manufacturers  will  care  to  go  to  this  trouble  until  they 
are  forced  to. 

90.  It  is  his  opinion  that  the  most  successful  manufacturers, 
those  who  are  always  ready  to  adopt  the  best  machinery 
and  methods  when  they  see  them,  will  gradually  avail  them- 
selves of  the  benefits  of  scientific  rate-fixing ;  and  that  com- 
petition will  compel  the  others  to  follow  slowly  in  the  same 
direction. 
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91.  Even  if  all  of  the  manufacturers  in  the  country  who  are 
competing  in  the  same  line  of  business  were  to  adopt  these 
methods,  they  could  still  well  afford  to  pay  the  high  rate  of 
wages  demanded  by  the  differential  rate,  and  necessary  to 
iniluce  men  to  work  fast,  since  it  is  a  well-recognized  fact  the 
world  over  that  the  highest-priced  labor,  providing  it  is  pro- 
portionately productive,  is  the  cheapest ;  and  the  low  cost  at 
which  they  could  produce  their  goods  would  enable  the-m  to  sell 
in  foreign  markets  and  still  pay  high  wages. 

9'2.  The  writer  is  far  from  taking  the  view  held  by  many 
manufacturers  that  labor  unions  are  an  almost  unmitigated 
detriment  to  those  who  join  them,  as  well  as  to  employers  and 
the  general  public. 

The  labor  unions — particularly  the  trades  unions  of  Eng- 
land— have  rendered  a  great  service  not  only  to  their  members, 
but  to  the  world,  in  shortening  the  hours  of  labor  and  in  modi- 
fviiig  the  hardships  and  improving  the  conditions  of  wage- 
workers. 

In  the  writer's  judgment  the  system  of  treating  with  labor 
unions  would  seem  to  occupy  a  middle  position  among  the  vari- 
ous methods  of  adjusting  the  relations  between  employers  and 
men. 

When  employers  herd  their  men  together  in  classes,  pay  all 
of  each  class  the  same  wages,  and  offer  none  of  them  any  induce- 
ments to  work  harder  or  do  better  than  the  average,  the  only 
remedy  for  the  men  lies  in  combination  ;  and  frequently  the 
only  possible  answer  to  encroachments  on  the  part  of  their 
emj)loyer8  is  a  strike. 

This  state  of  affairs  is  far  from  satisfactory  to  either  employers 
or  men,  and  tlie  writer  believes  the  system  of  regulating  the 
wages  and  conditions  of  employment  of  whole  classes  of  men  by 
conference  and  agi-eement  between  the  leaders,  unions,  and  man- 
ufacturers U)  be  vastly  inferior,  both  in  its  moral  effect  on  the 
men  and  on  the  material  interests  of  both  parties,  to  the  plan 
of  Htimulating  each  workman's  ambition  by  paying  him  accord- 
ing to  liin  individual  worth,  and  without  limiting  him  to  the  rate 
of  work  or  pay  of  the  average  of  liis  class. 

93.  The  level  of  the  great  mass  of  the  world's  labor  has  been, 
and  must  continue  to  be,  regulated  by  causes  so  many  and  so 
complex  as  to  be  at  Ijest  but  dimly  recognized. 

The  utmost  effect  of  any  system,   whether  of  management, 
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social  combination,  or  legislation,  can  be  but  to  raise  a  small 
ripple  or  wave  of  prosperity  above  the  surrounding  level,  and 
the  greatest  hope  of  the  writer  is  that,  here  and  there,  a  few 
workmen,  with  their  employers,  may  be  helped,  through  this 
system,  toward  the  crest  of  the  wave. 

DISCUSSION. 

Mr,  H.  L.  Gantt, — One  cannot  read  Mr.  Taylor's  admirable 
paper  on  "A  Piece-Rate  System  "  without  realizing  that  it  con- 
tains vastly  more  than  the  title  suggests.  It  is  really  a  system  by 
which  the  employer  attempts  to  do  justice  to  the  employee,  and 
in  return  requires  the  employee  to  be  honest. 

His  method  of  fixing  rates  by  elements  eliminates,  as  nearly  as 
possible,  all  chance  of  error,  and  his  differential  rates  go  a  long 
way  toward  harmonizing  interests  of  employer  and  employee. 

It  was  my  good  fortune  to  work  for  a  year  as  his  assistant  in  this 
work,  and  I  fully  agree  with  him  as  to  the  effect  on  the  men. 
They  improve  under  it,  both  in  honesty  and  efficiency,  more  than 
I  have  ever  seen  them  do  elsewhere.  Realizing  that  substantial 
justice  was  being  done,  and  that  to  do  their  duty  was  to  follow 
their  own  interest,  it  soon  became  a  matter  of  habit  with  them. 

The  greatest  obstacle  in  the  way  of  adopting  this  system  is  that 
the  man  in  charge  of  the  rate-fixing  department  must  be  a  man 
of  more  than  ordinary  ability,  and  should  have  had  a  very  wide 
experience.  To  err  in  fixing  a  rate  has  a  very  bad  effect  upon  the 
men,  who  should  never  have  reason  to  think  that  the  element  of 
"guess"  occurs  in  their  rate.  It  is  therefore  only  in  a  compara- 
tively very  large  establishment,  where  a  capable  man  can  be  em- 
ployed to  give  his  time  to  this  work,  or  in  a  very  small  one,  where 
the  superintendent  can  give  it  his  personal  attention,  that  the 
plan  is  entirely  applicable. 

His  idea  of  a  hand-book  on  the  speed  with  which  work  can  be 
done,  similar  to  the  elementary  eDgineeriog  hand-books,  is  one 
which  is  bound  to  interest  all  progressive  eugineers,  and  I  hope 
that  he  will  see  that  his  predictions  about  such  a  book  do  not  fail. 

In  paragraph  15  he  states  that  a  clerk  in  the  factory  is  the 
particular  horror  of  the  old-time  manufacturer.  "Why  is  this? 
In  many  cases  the  manufacturer  is  a  shrewd  and  successful  man, 
and  if  so,  why  has  he  not  seen  the  advantage  of  using  a  clerk  in 
connection  with  his  foreman  ? 
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This  takes  us  back  to  tlie  advantages  of  a  system.  No  matter 
how  successful  a  system  may  be  in  one  shop,  modifications  are 
always  required  to  make  it  equally  successful  in  any  other.  No 
shop'  should  be  run  to  suit  the  demands  of  a  system,  but  the 
S3'stem  must  be  modified  to  suit  the  demands  of  the  shop.  No 
svstem  is  a  success  unless  it  makes  work  go  more  smoothly  and 
cheaply,  and  ultimately  makes  the  proper  running  of  a  shop  inde- 
pendent of  any  particular  man. 

The  fact  that  most  ready-made  systems  fail  in  almost  all  of  these 
respects  makes  the  shrewd,  old-style  manager  fight  shy  of  them, 
and  regard  any  approximation  to  them  as  a  needless  expense. 

To  pay  men  what  they  are  worth  requires  that  we  keep  accurate 
records  of  their  work,  and  as  the  foreman  is  too  valuable  a  man 
to  be  used  as  a  clerk,  he  should  have  this  work  done  for  him,  and 
be  fi*ee  to  give  his  entire  time  to  his  men  and  the  work. 

Finally,  the  ideal  system  must  be  automatic  and  self-contained. 
It  must  be  so  simple  as  to  appeal  to  those  working  under  it,  and 
should  impose  checks  in  such  a  way  as  to  prevent  or  correct 
en*oi*s  without  the  interference  of  the  superintendent,  or  of  any 
one  not  directly  connected  with  doing  the  work  under  it,  and, 
above  all,  it  should  be  free  as  possible  from  "red  tape." 

Mr.  F.  A.  TJahfy. — Mr.  Taylor's  paper  points  out  that  in  cases 
where  the  machine  cost  exceeds  the  wages  paid,  a  piece-rate  which 
increases  with  the  output  may  be  compatible  with  reduced  cost, 
a8  the  output  advances.  Simple  as  is  the  idea,  it  is,  I  must  own, 
new  to  me,  and  it  may  be  admitted  at  once  that  in  such  cases  the 
advancing  piece-rate  is  justifiable,  "provided  the  maximum  output 
rannot  Ije  ohtaiiied  vnthout  it.  In  the  average  case,  however,  where 
the  wages  paid  exceed  the  machine  cost,  the  condition  no  longer 
holds,  and  the  advancing  piece-rate  would  involve  an  increased 
cost,  JUS  an  accompaniment  of  an  enlarged  output. 

It  wa.s  under  the  condition  of  a  moderate  tool  cost  that  my 
Premium  Plan  (see  vol.  xii.,  page  755,  of  the  Transactions)  was 
devised,  and  its  application,  under  a  high  tool  cost,  was  not  con- 
sidered, the  fundamental  idea  being  that  the  workman's  earnings 
j>^r  jn^np  should  decrease  (though  per  day  increase)  as  the  out])ut 
incn'ased.  By  ref<;rence  to  my  paper  on  the.  Premium  Plan  it 
will  be  seen  that  the  need  of  difff^rent  premium  rates  to  cover 
dilTerent  conditions  was  clearly  recognized,  and  while  such  a 
develoj>inent  was  not  contemplated,  it  is  ]>lain  that  there  is  nothing 
to  prevent  making  the  premium  rate  so  high  as  to  give  the  work- 
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mau  a  wage  which  increases  faster  than  the  output,  if  the  condi- 
tions are  such  as  to  make  that  course  necessary  to  secure  the  maxi- 
mum output. 

It  thus  seems  to  me  that,  while  Mr.  Taylor's  plan  is  applicable 
only  to  the  condition  of  high  tool  cost,  the  Premium  Plan  not  only 
applies  to  the  condition  of  low  tool  cost,  for  which  it  was  planned, 
but  to  the  condition  of  high  tool  cost  as  well.  There  are  not 
many  shops  in  which  the  maintenance  of  every  tool  costs  more 
than  the  wages  of  its  operator — the  tools  falHng  under  that  class 
being  usually  in  the  small  minority.  Mr.  Taylor's  system  being 
economically  applicable  only  to  the  larger  tools,  it  would  seem 
necessary,  if  the  best  results  are  to  be  obtained,  to  apply  it  only 
to  such  large  tools,  and  use  some  other  system  for  the  smaller 
ones.  With  the  Premium  Plan,  the  same  system,  as  has  been 
shown,  applies  to  all,  and  its  advantage  in  requiring  only  one 
system  of  time  and  cost  keeping  against  two,  with  Mr.  Tajdor's 
system,  is  apparent. 

Is  it  clear,  however,  that  a  wage  rate  which  advances  faster  than 
the  output  is  necessary  in  any  case  ?  The  only  system  which  will 
endure  is  the  one  which  pays  the  least  possible  per  piece  of  prod- 
uct. The  purpose  of  these  systems  is  not,  primarily,  to  pay  high 
wages,  but  to  produce  cheap  work,  the  adjustment  sought  being 
one  which  shall  give  the  workman  an  increased  wage  jp^r  day  in 
return  for  a  decreased  cost  per  piece  of  product.  In  my  expe- 
rience, a  comparatively  small  premium  will  call  out  a  workman's 
best  efforts,  provided  the  work  is  not  too  laborious,  and  the  work- 
man is  assured  against  future  cuts  m  the  rate.  Why  should  this 
not  be  the  case  with  large  and  expensive  tools  as  well  as  small 
ones,  and,  if  true,  why  should  the  wages  increase  faster  than  the 
product,  even  on  large  tools  ? 

Mr.  Taylor's  strictures  on  the  piece-work  plan  have  my  cordial 
approval,  but  what  is  the  fundamental  difficulty  with  piece-work? 
Simply  that  the  output  under  it  is  always  found  to  be  larger  than 
anticipated,  and  a  rate  which  seemed  moderate  before  trial  is 
found  to  be  excessive  after  trial.  The  workman's  earnings, 
increasing  pro  rata  with  the  product,  soon  get  to  be  excessive, 
unless  he  has  acquired  wisdom  and  restrains  himself.  In  Mr.  Tay- 
lor's system,  the  earnings  under  an  increase  of  product  increase 
still  faster  than  with  piece-work,  and  the  consequences  of  a  too  high 
rate  would  be  even  more  serious  than  with  piece-work.  Wherein, 
then,  does  the  superiority  of  Mr.  Taylor's  system  over  piece-work 
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lie?  Sot  hi  the  advancing  ^>/6^<:'^-?'rt^<;^  hut  in  the  method  of  fixing 
rates.  If  Mr.  Taylor  can  determine  the  maximum  output  of  the 
miscellaneous  pieces  of  work  comprised  in  the  everyday  opera- 
tion of  the  average  machine-shop,  he  has  accomplished  a  great 
work,  and  the  present  paper  should  be  followed  at  once  by 
another,  giving  the  fullest  possible  details  of  his  method.  It  is 
this  universal  difficulty  of  determining  the  possible  output  which 
is  at  the  bottom  of  the  difficalties  besetting  the  piece-work  plan, 
and  it  was  its  contemplation  which  led  the  writer's  thoughts  to 
the  Premium  Plan.  With  that  plan,  the  attempt  to  determine 
the  possible  output  is  abandoned.  Present  output  is  taken  as  the 
basis,  and  if  the  premiums  offered  for  an  increase  are  small,  as 
they  should  usually  be,  no  possible  increase  of  output  can  carry 
the  workman's  earnings  beyond  reason.  It  is  its  extreme  flexibil- 
itv  and  the  absence  of  danger  of  expensive  errors  of  judgment 
which  chiefly  commend  the  Premium  Plan,  and  while  it  is  impos- 
sible to  judge  Mr.  Taylor's  method  of  fixing  rates  with  the  present 
knowledge  of  it,  I  must  say  that  it  is  hard  to  conceive  any- 
thing so  simple  or  safe  as  the  plan  offered  by  me. 

Still  another  point  presents  itself.  When  piece-work  is  intro- 
duced in  place  of  day's  work,  the  rate  offered  is  usually  less  than 
the  work  previously  cost.  The  workmen  often  object,  as  few  of 
them  know  the  real  capacity  of  the  tools,  and  the  system  is  only 
introduced  by  the  exercise  of  some  coercion  on  the  part  of  the 
employer.  Nevertheless  these  first  rates  are  eventually  found  to 
be  too  high,  and  a  really  large  output  is  only  reached  after  several 
successive  cuts.  Now,  if  the  final  output  is  to  be  determined  at 
once  by  Mr.  Taylor's  method,  and. the  rates  fixed  in  accordance,  is 
not  still  greater  opposition  on  the  part  of  the  men  to  be  expected  ? 
Tlie  maximum  output  is  usually  and  necessarily  a  matter  of 
growth.  With  Mr.  Taylor's  plan  there  must  intervene  a  period 
of  low  pay.  The  outcome  is  uncertain  to  the  workmen.  They 
are  full  of  distrust,  and  can  they  be  blamed  if  they  rebel?  Right 
here,  again,  the  merits  of  the  Premium  Plan  are  conspicuous. 
There  is  no  cut  at  its  introduction  ;  on  the  contrary,  present  out- 
put is  taken  as  the  basis,  and  the  workman  is  offered  an  increased 
wage  if  he  will  increase  the  output.  The  result  is  satisfaction 
Irom  the  start,  and  increasing  satisfaction  as  time  goes  on.  Nothing 
can  be  simpler,  fairer,  or  plainer,  and  nothing  can  meet  all  the 
varied  conditions  more  perfectly. 

Mr.  r.   Tf .  TaijWr. — In  Mr.  Halsey's  criticism  of  my  piece-rate 
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system,  he  very  justly  lays  great  weight  on  the  elementary  rate- 
fixing  as  the  most  important  part  of  the  system.  An  accurate 
knowledge  of  the  quickest  time  in  which  each  job  can  be  done  is 
the  very  foundation  upon  which  the  differential  rate  rests,  and 
without  this  knowledge  the  whole  system  must  fall  to  the  ground. 

Mr.  Halsey  is  in  error,  however,  in  his  assumption  that  my 
system  of  piece-work  involves  paying  a  higher  price  per  piece 
than  is  paid  under  the  ordinary  system.  On  the  contrary,  with 
the  differential  rate  the  price  will,  in  nine  cases  out  of  ten,  be 
much  lower  than  would  be  paid  per  piece  either  under  the  ordi- 
nary piece-work  plan  or  on  day's  work.  An  illustration  of  this 
fact  can  be  seen  by  referring  to  paragi-aphs  79  to  83  of  the  paper, 
in  which  it  will  be  found  that  a  piece  of  work  for  which  the  work- 
men had  received  for  years,  under  the  ordinary  piece-work  system, 
50  cents  per  piece,  was  done  under  my  system  for  35  cents  per 
piece,  while  in  this  case  the  workmen  earned  $3.50  per  day,  when 
they  had  formerly  made,  under  the  50-cent  rate,  only  $2.25  per 
day. 

It  is  quite  true  that  under  the  differential  rate  the  workmen 
earn  higher  wages  than  under  other  systems,  but  it  is  not  that 
they  get  a  higher  price  per  piece,  but  because  they  work  much 
harder,  since  they  feel  that  they  can  let  themselves  out  to  the 
fullest  extent,  without  danger  of  going  against  their  own  interests 
in  the  long  run.  What  I  said  in  the  paper  was  that  the  manage- 
ment could  well  afford  to  pay  a  higher  price  per  piece,  to  insure 
the  maximum  possible  output,  not  that  it  was  necessary  to  do  so. 
Mr.  Halsey  is  right  in  saying  that  there  is  sometimes  difficulty  in 
introducing  the  differential  rate,  owing  to  the  great  and  sudden  in- 
crease in  speed  which  is  demanded  of  the  workmen.  This  is 
particularly  true  of  the  first  few  cases  in  which  the  system  is 
applied  in  a  new  establishment — C^est  le  premier  pas  qui  coute — 
and  much  tact  and  skill  is  sometimes  required  to  get  the  men  to 
accept  and  work  under  the  first  rate.  After  the  system,  however, 
once  has  a  start  in  a  place,  on  however  small  a  scale,  the  workmen 
are  quite  as  quick  to  recognize  its  merits  from  their  standpoint  as 
the  management  are  from  theirs. 

Mr.  Halsey 's  is  by  far  the  best  of  the  ordinary  systems  of  piece- 
work, yet,  even  under  his  system,  there  still  remains  what  to  my 
mind  is  the  very  weakest  point  of  all  the  ordinary  systems,  and 
what  may  be  called,  almost,  the  curse  of  modern  industrial 
management,    namely,  that   it  is  for   the   ioorkinar\^ s  interest   to 
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''  soUlier  "  and  go  as  slowly  as  2)ossible  on  each  new  jyiece  of  loorh 
that  comes  along^  so  as  to  get  as  high  a  price  per  piece  as  possible 
when  piece-work  first  starts ;  and  for  this  reason,  even  after 
piece-work  has  been  inaugurated,  under  Mr.  Halsey's  plan,  there 
is  almost  necessarily  a  great  lack  of  justice  in  the  prices  fixed  for 
different  jobs,  since  the  starting-point  from  which  the  first  rate  is 
fixed  is  unequal  and  unjust.  Some  of  the  rates  may  have  resulted 
fi'om  records  obtained  when  a  good  man  was  working  close  to  his 
maximum  speed,  while  others  are  based  on  the  performance  of  a 
medium  man,  at  one-third  or  one-quarter  speed,  and  from  this 
follows  a  great  inequality  and  injustice  in  the  reward  of  even  the 
same  man  when  at  work  on  different  jobs. 

Other  defects  of  Mr.  Halsey's  plan,  and  which  are  corrected  by 
my  system,  are : 

Fhst.  That  it  is  slow  and  irregular  in  its  operation  in  reducing 
costs,  being  dependent  upon  the  whims  of  the  men  working  under 
it. 

Second.  That  it  fails  to  especially  attract  first-class  men  and 
discourage  inferior  men. 

Third.  That  it  does  not  automatically  insure  the  maximum 
output  of  the  establishment  per  man  and  per  machine. 

J//'.  John  A,  Penton.^ — Although  I  am  not  a  member  of  the 
Society,  I  want  to  thank  you  for  the  privilege  of  just  saying  a 
word.  The  paper  we  have  just  listened  to  and  the  presentation 
made  by  Mr.  Taylor  strike  me  as  being  perhaps  the  most  remark- 
able thing  of  its  kind  I  ever  heard  in  my  life.  I  do  not 
wish  to  say  anything  about  its  merits,  or  demerits,  if  it  has  any. 
My  knowledge  of  it  is  altogether  too  superficial  to  admit  of  any- 
thing of  that  sort ;  but  I  can  sympathize  with  every  word  he  said, 
for  the  reasoi)  that  fortunately,  or  perhaps  unfortunately,  I  was 
for  five  years  at  one  time  occupying  the  position  of  president  of 
a  very  large  organization,  which  would  be  called  a  labor  organi- 
zation, j)ronjinontly  identified  with  the  iron  business.  With  us, 
the  treatment  of  this  piece-work  problem  was  something  which, 
even  now  as  I  think  of  it,  causes  me  to  shudder  and  to  feel  a  little 
nervous  ;  and  when  I  think  of  the  proV)lems  which  might  be 
solved  by  this  paper  pnisented  by  Mr.  Taylor — such  a  one,  for 
instance,  as  was  solved  by  tbe  mihtary  at  Homestead  a  year  or  two 
ago — when  I  think  of  all  those  things,  and  of  the  numberless 

•  Formerly  President  of  the  BrotLerbood  of  Machine  Moulders,  present  by 
iovitntion. 
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instances  which  occur  almost  every  year,  I  feel  that,  as  a  work- 
man, I  want  to  congratulate  Mr.  Taylor  and  to  say  that  his  paper, 
I  think,  is  a  landmark  in  the  field  of  political  economy ;  and,  as 
all  our  leading  thinkers  have  devoted  their  time  in  the  last  few 
years  to  solving  problems  of  that  kind,  I  feel  that  the  paper  he 
has  written  is  worthy  of  the  greatest  consideration  at  the  hands 
of  every  employer,  and  at  the  hands,  also,  of  the  employee.  It 
seems  to  me  that  every  sentence,  almost,  might  form  a  text  for  an 
article.  It  certainly  enunciates  a  number  of  logical  ideas,  and  I 
feel  that  I  would  like  to  go  before  the  American  Society  of 
Mechanical  Engineers,  and,  as  a  workman,  testify  to  my  feelings 
in  the  matter. 

Mr.  TT.  S.  Rogers. — It  is  strange  how  we  meet  old  faces  once 
in  a  while.  In  1883,  in  the  State  of  Ohio,  I  had  charge  of  men, 
and  that  identical  plan  of  a  differential  piece-price  came  into  my 
head.  I  was  not  near  as  old  then  as  I  am  now,  but  I  recognize, 
also,  the  fact  that  I  am  not  talking  to  students  now.  I  am  talk- 
ing to  men  who  know  more  than  I  do  of  how  to  handle  men.  A 
very  capable  member  of  this  association,  who  is  now  dead  (Cap- 
tain Minot),  was  a  particular  friend  of  mine,  and  I  laid  this  plan 
before  him.  He  said  :  "  Do  you  believe  in  it  ?  "  I  said  :  "  I  think 
that  is  just  the  thing  to  fetch  my  shop  right  down  to  where  it  ought 
to  be."  He  said  :  "  Try  it."  He  went  by  my  shop  to  and  fi'o  to 
his,  and  he  would  stop  occasionally  and  say  :  "  Kogers,  how  is  the 
differential  working  ?  "  At  first  I  was  enthusiastic.  At  the  end 
of  six  weeks,  he  said :  "  Rogers,  what  do  you  think  of  the  differ- 
ential ?  "  I  said  :  "  Captain,  I  feel  like  a  thief ;  it  isn't  honest. 
There  are  times  when  a  man  cannot  turn  out  as  much  work 
to-day  as  he  did  yesterday,  and  it  is  not  his  fault ;  the  fault  lies 
sometimes  in  the  foundry  or  elsewhere,  and  the  man  is  not  to 
blame,  but  I  have  got  to  live  up  to  my  rules  and  cut  the  price." 
"  Well,"  he  said,  *'  I  thought  you  would  feel  that  way,  and  I  have 
been  feeling  that  way  for  you."  Then  I  abolished  it.  At  the 
Providence  meeting,  Mr.  Halsey  read  a  paper  on  the  Premium 
Sharing  Plan.  I  have  tried  it  three  times  since.  I  have  a  friend 
of  mine  trying  it.  I  am  trying  ttiat  in  the  shop  where  I  am 
to-day,  and  it  is  simple  and  easy,  and  the  men  ask  for  it.  You 
cannot  give  it  to  them  fast  enough,  and  you  do  not  require  a  rate 
fixer.  Now,  as  to  cutting  prices  and  cutting  rates,  I  know 
an  instance  that  occurred  not  long  ago.  A  man  took  charge  of  a 
shop,  and  not  ten  days  after  he  went  there  he  slapped  it  on  to 
57 
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piece-work.  To-day  lie  is  looking  for  another  situation  and  tlie 
firm  is  cutting  the  men.  You  cannot  pass  to  piece-work  instantly, 
or  anything  else,  until  you  thoroughly  understand  the  whole  sit- 
uation ;  and  you  have  got  to  throw  your  hobbies  and  ideas  to  the 
winds  and  be  governed  by  what  you  find  and  the  men  you  find. 
A  short  time  ago  a  man  applied  at  our  place  for  work.  I  make 
it  a  point,  if  possible,  to  hire  every  man.  He  said  he  was  a 
macliinist.  He  asked  what  wages  he  would  get.  I  said:  "That 
depends  on  you ;  your  rate  will  not  be  fixed  for  one  week." 
I  asked  where  he  was  from.  He  replied  that  he  was  glad  to 
get  away  fi'om  a  place  where  the  differential  system  was  in 
operation. 

Mr.  F.  ir.  Taylor. — I  must  object  to  Mr.  Eogers  saying  that 
he  tried  my  system  of  piece-work  ;  for,  according  to  his  own 
statement,  he  entirely  omitted  the  vital  part  of  my  plan,  namely, 
tlie  elementary  rate-fixing,  without  which  the  differential  rate 
must,  in  most  cases,  prove  a  failure.  He,  however,  says  that  he 
only  tried  differential  rates  for  six  weeks,  which,  in  point  of  fact, 
is  no  trial  whatever.  If  he  had  tried  the  plan  for  six  years  or 
even  six  months,  and  abandoned  it,  his  experience  might  have 
some  weight,  but  six  weeks  counts  for  nothing.  Regarding  his 
statement  that  his  workman  was  glad  to  get  away  from  my  sys- 
tem, all  that  I  need  say  is  that  about  a  thousand  of  the  most 
intelligent,  most  prosperous,  and  contented  workmen  in  the  coun- 
try are  working  there  under  this  system,  and  a  majority  of  these 
men  have  been  in  the  employ  of  the  company  for  more  than  ten 
years,  without  complaint  about  the  system,  and  without  a  strike 
or  even  tlie  talk  of  a  strike.  Can  Mr.  Rogers  say  as  much 
regarding  the  workmen  of  any  other  steel  works  in  the  country  ? 

Mr.  \ViiL.  Kent. — I  am  very  glad  that  Mr.  Rogers  has  attacked 
Mr.  Taylor's  paper.  There  are  very  few  men  who  have  the 
courage  to  do  it.  I  hope  there  will  be  others  who  will  rise  up 
and  attack  it,  and  I  know  of  no  man  stronger  than  Mr.  Taylor  to 
repel  Huch  attacks.  He  is  just  the  kind  of  man  to  stand  a  good 
deal  of  hammering,  but  sometimes  I  think  he  may  come  out  on 
top. 

In  regard  to  Mr.  Ualsey's  plan,  which  Mr.  Rogers  has  indorsed, 
I  ha^^l  the  pleasure  some  years  ago  of  indorsing  it  also,  and  I 
think  I  waH  possibly  the  first  one  to  put  it  on  trial,  because  Mr. 
Ilaljuiv  had  told  me  about  it  two  or  three  years  before  he  pub- 
lished his  paper.     So  far  as  I  know,  the  plan  has  been  an  entire 
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success.  But  my  opinion  is  that  Mr.  Taylor's  plan  is  a  little 
ahead.  It  is  probably  a  little  better,  provided  it  is  carried  out 
with  proper  intelligence,  by  the  right  men,  with  proper  sense 
of  generous  treatment  of  their  workmen.  I  regard  this  whole 
question,  which  was  started,  possibly,  by  Mr.  Towne,  in  his 
paper,  then  continued  by  Mr.  Halsey,  and  now  supplemented 
by  Mr.  Taylor's  paper,  as  one  of  the  most  important  questions, 
not  only  before  this  Society,  but  before  the  world  to-day — 
the  harmonizing  of  labor  and  capital ;  and  this  question  is  not 
to  be  settled  by  the  opinion  of  the  old-time  mechanics,  such 
as  my  young  friend  who  has  spoken.  It  is  to  be  settled,  after  a 
profound  study,  by  men  capable  of  logical  analysis,  and  by 
students  of  political  economy,  and  I  do  not  expect  that  we  are 
going  to  introduce  any  of  these  systems,  in  any  great  degree,  by 
the  men  who  are  now  over  fifty  years  of  age,  who  have  all  their 
old-time  prejudices;  but  I  think  it  will  be  from  such  men  as  the 
one  who  presented  those  opening  remarks,  such  as  Mr.  Gantt,  a 
young  man,  a  technical  graduate,  who  has  given  some  attention 
not  only  to  workshop  matters,  but  to  political  economy,  and  that 
such  men  will  be  the  ones  who  will  introduce  this  system  in  the 
long  run.  I  hope  to  see  this  subject  of  workshop  economics 
taught  as  an  inductive  science  from  actual  statistics — statistics  of 
tool  cutting,  of  wages,  of  rates,  in  the  modern  method  of  studying 
political  economy;  that  this  science  must  be  taught  in  our  tech- 
nical schools,  and  that  our  graduates  will  graduate,  not  with  the 
knowledge  of  how  to  apply  this  system,  but  with  minds  trained  to 
begin  studying  the  system  in  practice,  and  gradually  the  proper 
system  for  our  shops  will  be  evolved.  I  heartily  congratulate 
Mr.  Taylor  on  the  paper  he  has  presented,  and  hope  he  will  con- 
tinue his  studies  for  a  great  many  years  to  come  in  this  direction. 

Mr.  D.  L.  Barnes. — I  would  like  to  ask  Mr.  Taylor  a  question 
about  a  matter  upon  which  he  has  not  entered  in  his  paper. 
How  does  he  deal  with  the  apprentice  system  ?  A  good  appren- 
tice will  often  do  as  much  work  as  a  journeyman.  Now,  is  he  to 
get  the  same  price  ?  The  temptation  for  the  manufacturer  is  to 
use  as  many  apprentices  as  possible.  How  are  disputes  about 
apprentices  with  labor  organizations  to  be  settled?  That,  to 
my  mind,  is  the  most  important  problem  with  which  a  manu- 
facturer has  to  deal,  when  the  work  is  such  that  an  apprentice 
can  do  it. 

The  plan  proposed  by  Mr.  Taylor  is  applicable  in  a  shop  where 
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the  prolit  is  great  and  wliere  there  is  an  unhmited  amount  ot 
orders  to  work  on.  But  suppose  the  contract  price  is  fixed,  and 
the  orders  are  not  very  frequent,  and  the  profits  small ;  can  a  man 
aflbrd  to  pay  more  for  extra  quality  work  than  for  what  will  pass 
as  good  work  ?  It  seems  to  me  that  the  manufacturer  can  afford, 
under  those  conditions,  to  pay  only  one  price,  and  that  is  to  get 
work  good  enough  to  pass  inspection,  and  how  the  differential  rate 
system  can  be  applied  under  those  circumstances  I  do  not  see. 

Mr.  Taylor. — The  answer  to  that  is  this  :  With  regard  to  appren- 
tices, in  the  first  place,  the  Midvale  Steel  Company  takes  no 
regular  apprentices,  in  the  old-fashioned  meaning  of  the  term,  but 
they  do  take  a  great  many  boys,  youDg  men,  and  even  older 
laborers,  and  teach  them  trades,  and  when  I  was  there  I  treated 
my  apprentices  or  learners  just  as  I  would  the  other  men.  I  let 
them  earn  all  that  they  could  earn,  and  I  was  delighted  to  have 
them  do  it.  I  do  not  care  who  turns  out  my  work.  So  much 
work  is  worth  so  much  mpney,  whether  done  by  an  apprentice  or 
by  a  man  just  tottering  to  the  grave.  With  all  due  respect  to 
Mr.  Barnes,  the  apprentices  or  learners  are  not  able  to  do,  in  my 
experience,  anything  like  as  much  work  as  the  first-class  trained 
workmen  are  able  to  do,  and  under  the  differential  rate  system 
they  must  be  content  with  the  lower  price  per  piece.  They,  how- 
ever, always  have  the  higher  price  per  piece  before  them  as  a  goal, 
to  spur  them  on  to  become  fast  and  accurate  workmen,  and  the 
system  has  certainly  worked  admirably  in  this  respect,  since  I 
should  say  that  fully  two-thirds  of  the  skilled  workmen  of  the 
place  liave  been  taught  their  trades  right  there  in  the  steel  works. 

As  to  the  second  matter  referred  to  by  Mr.  Barnes,  namely,  the 
aj)plicability  of  the  differential  rate  to  a  shop  which  did  not  have 
sufficient  work  to  completely  occupy  all  of  its  tools  ;  if  the  differ- 
ential rate  system  involved  paying  a  higher  price  per  piece  than  is 
paid  under  other  systems — that  is,  if  you  had  to  pay  with  the  differ- 
ential rate  actually  a  higher  price  for  a  piece  than  your  competitors 
pay — then  Mr.  Barnes  is  perfectly  right  in  saying  that  in  a  shop 
wliich  nins  slack  of  work  this  could  not  be  done.  As  I  have 
already  explained  in  answeriug  Mr.  Halsey,  however,  in  most 
cases  where  the  differential  rate  is  applied  your  actual  pi^ce-work 
rate  is  lower  than  your  competitor's  price  is,  so  that  you  have  the 
•dvantfige  not  only  of  a  larger  productivity  per  tool,  but  also  a 
lower  price  per  piece. 

Mr.  ItfxjeTH. — Mr.  Barnes  touched  on  the  apprenticeship  ques- 
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tion,  and  I  want  to  air  myself  a  little  on  that  subject.  It  is  a 
nice  thing  to  sit  here  and  talk  on  these  subjects,  but  when  we  get 
into  the  shop,  into  the  cold-blooded  grind  of  practice,  it  is  totall}^ 
different.  Now,  I  do  not  believe  an  apprentice  has  any  business 
in  the  Midvale  Steel  Works  any  more  than  he  has  in  the  works 
where  I  am.  An  apprentice  goes  in  and  contracts  with  his 
employer,  and  the  employer  is  to  teach  him  the  business.  When 
an  apprentice  comes  into  our  works,  I  cannot  conscientiously 
arrange  to  have  that  man  spend  three  months  on  the  miller,  four 
mouths  on  the  vice,  on  the  big  planer,  on  the  boring  mills,  teach- 
ing him  how  to  run  all  those  things  and  how  to  become  a  first- 
class  mechanic.  If  I  do,  I  turn  that  shop  into  an  educational 
institution  and  the  firm  loses.  If  I  put  the  man  where  he  belongs 
and  keep  him  there,  and  make  him  good  at  one  particular  point, 
I  am  dishonest  toward  him.  He  works  three  or  four  years,  and 
his  time  is  up.  I  cannot  afford  to  pay  him  what  a  good  mechanic 
is  worth,  and  he  goes  to  the  next  shop — in  some  other  tow^n. 
"  Where  are  you  from?''  *'  So-and-so's  steam-pump  works,"  and 
the  first  day  he  is  fired  out  for  spoiling  a  job,  and  they  say,  That 
is  the  kind  of  work  they  turn  out  up  there.  The  apprentice  belongs 
only  in  a  shop  where  he  works  to-day  on  a  sewing  machine  and 
to-morrow  on  something  else.  Our  shop  is  not  a  machine-shop ; 
it  is  a  factory,  a  manufacturing  establishment,  just  the  same  as 
the  Midvale  Works,  and  an  apprentice  has  no  business  in  either. 

Mr.  Gustavus  C.  Hennincj. — I  would  like  to  add  a  few  words  in 
commendation  of  Mr.  Taylor's  paper,  not  because  I  have  been  an 
employer  of  labor,  but  simply  because  I  have  suffered  from  being 
in  intimate  connection  with  unsatisfied  laborers.  I  found  that,  in 
shops  where  the  old-fashioned  piece-rate  was  in  vogue,  every  time 
a  man  did  a  good  piece  of  work  his  wages  were  cut  down.  They 
would  induce  a  man  to  turn  out  the  work  on  the  plea  that  it  had 
to  go  out  in  a  liurry,  and  just  as  soon  as  his  amount  of  work 
increased  his  rate  was  cut  down,  so  that  he  was  always  kept  to 
earn  about  the  same  amount  of  money  per  day.  I  remember  one 
case  where  this  had  a  very  important  effect  on  the  character  of 
the  work.  It  was  driving  rivets.  The  men  were  driving  originally 
about  2,500  steel  rivets,  with  hydraulic  riveters,  by  contract,  but 
they  earned  so  much  money  at  the  rate  they  were  getting  that 
before  the  next  lot  of  similar  work  was  contracted  for  a  lower 
rate  was  offered,  and  the  men  had  to  drive  3,500  instead  of  2,500. 
The  first  trouble  that  arose  was  that  90  per  cent,  of  the  rivets 
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-were  not  absolntely  tight.  Then  the  shop  began  to  question  the 
propriety  of  the  inspector  marking  all  the  loose  rivets,  because 
most  of  them  could  only  be  shown  to  be  loose  by  tapping  them 
on  both  sides  of  the  head,  but  if  tapped  on  one  side  only  they 
would  rarely  show  a  defect.  Then  the  men  were  made  to  cut  out 
this  work  at  their  own  expense  and  put  in  new  rivets,  the  shop 
paving  for  the  new  rivets,  but  the  labor  was  found  by  the  riveting 
gang,  and  they  lost  money.  Then  the  power  for  driving  the 
rivets  was  increased,  improving  the  work  very  much.  The  men 
actually  succeeded  in  lunniug  up  their  capacity  to  about  4,500 
rivets  per  10  hours,  but  there  were  so  many  loose  ones  in  the 
work  that  the  men,  of  themselves,  discarded  the  use  of  steel  rivets, 
although  it  was  prescribed  by  the  specifications,  and  used  iron 
rivets,  because  they  could  be  driven  tighter.  Then,  when  the 
objection  was  made  that  the  contract  called  for  steel  rivets, 
heaven  and  earth  were  raised  to  prevent  the  reintroduction  of 
steel  rivets,  and  the  work  was  shipped  one  hundred  and  tv^enty- 
six  miles,  with  these  wrought-iron  rivets  in  place,  and  it  was 
only  after  the  severest  fight  that  they  were  compelled  to  cut  out 
about  3,000  iron  rivets  in  the  field  and  replace  them  by  steel, 
simply  to  make  the  contractors  understand  that  they  would 
have  to  carry  out  their  agreement.  That  was  all  caused  by 
the  piece-rate  system.  If  such  a  system  as  this  had  been  in 
use,  such  a  thing  could  never  have  occurred.  Those  men  were 
trying  to  do  their  best,  but  by  doing  their  best  they  were  com- 
pelled to  work  harder  and  were  getting  less  and  less  pay ;  the 
work  was  inferior  to  what  it  was  when  the  men  were  getting  less 
pay  and  turning  out  less.  I  think,  if  such  a  system  as  Mr.  Taylor 
here  descril)es  can  be  carried  out  on  any  work  in  hand,  and 
arranged  to  suit  the  particular  shop  in  which  it  is  to  be  intro- 
duced, it  would  certainly  improve  the  work,  increase  the  capacity, 
and  make  the  general  relation  between  employer  and  employee 
a  far  more  satisfactory  one  than  it  is  in  many  of  our  works  at  the 
present  day. 

^fr.  (\  K.  Bement. — I  would  like  to  ask  Mr.  Taylor  a  question 
or  two.  Do  I  understand  that  when  the  maximum  day's  work  is 
fixfd,  it  is  never  changed  ? 

Mr,  Tayh/r. — When,  by  the  elementary  rate-fixing,  you  have 
found  out  what  a  maximum  day's  work  is,  for  instance,  on  a  lathe 
or  a  planer,  on  a  certain  class  of  work,  that  rate  is  never  changed 
until  Home  new  element  enters  the  problem  ;  that  is,  until  you 
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have  a  distinctly  new  method  of  doing  the  work.  If  you  invent  a 
new  tool  which  will  turn  out  more  work,  or  if  the  machine  hereto- 
fore used  is  materially  improved  or  better  speeded,  etc.,  then  the 
rate  is  altered ;  but  while  the  conditions  remain  the  same  as 
originally,  and  after  a  careful  and  thorough  analysis  has  been 
made  of  the  quickest  time  in  which  the  job  can  be  done,  that  rate 
is  never  cut  ;  that  rate  remains  permanent  until  a  material  change 
takes  place  in  the  rate  of  wages  paid  throughout  the  country — 
such  a  change,  for  example,  as  occurred  very  generally  in  the  rate 
of  wages  paid  in  1893.  At  this  time,  the  rate  of  wages  paid 
under  differential  rates  was  cut,  and  the  men  did  not  complain  of 
the  cut.     They  saw  the  justice  of  it. 

Mr.  Bement. — Suppose,  in  ordinary  piece-work,  the  same  pains 
was  taken  and  the  piece-work  price  was  fixed  on  that  basis, 
wouldn't  that  be  as  just  as  your  system  ?  You  fix  a  day's  work 
which  you  calculate  is  the  greatest  that  the  machine  or  man 
can  tarn  out.  !N^ow,  suppose  in  an  ordinary  piece-work  shoj^, 
such  as  I  am  running,  we  ^^  a  piece-work  price  based  on  a  maxi- 
mum day's  work,  why  is  not  that  as  just  a  price,  provided  the 
same  pains  is  taken  to  fix  it? 

Mr.  Taylor. — If  you  can  once  persuade  your  men  that  you  are 
really  going  to  allow  them  to  earn  more  than  the  usual  standard 
of  wages  no  differential  is  essential ;  that  is  to  say,  it  is  not  then 
nearly  as  necessary  as  it  usually  is.  I  think  I  said  distinctly  in 
the  paper  that,  after  your  men  are  thoroughly  in  accord  with 
the  management  and  you  are  all  pulling  together,  it  is  possi- 
ble to  drop  the  differential  rate  without  a  great  sacrifice  of  the 
amount  of  your  product,  but  even  then  you  will  make  a  sacrifice 
of  possibly  10,  15,  or  20  per  cent,  of  your  product,  because  the 
incentive  of  earning  his  differential  is  lacking  to  make  each,  man 
work  to  his  maximum.  The  case  is  very  much  like  running  a 
race — if  there  is  no  goal  to  reach,  if  each  man  can  go  at  any 
rate  of  speed  to  suit  himself,  they  wiU  not  go  as  fast  as  they  will 
if  they  have  got  to  get  to  the  tape  at  a  certain  time,  or  else  forfeit 
their  premium.  That  is  the  incentive  of  the  differential  rate. 
What  I  did  not  speak  of  and  what  is  of  equal  importance  is,  that 
it  spurs  the  firm  to  keep  their  shop  in  the  best  of  order.  Every- 
thing must  be  kept  up  in  the  finest  state  of  repair,  or  the  men  can- 
not earn  their  differential  rate,  and  I  think,  if  possible,  that  this 
indirect  result  of  the  system  is  a  greater  benefit  to  the  firm 
than  the  rate  is  itself. 
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Mr.  Iioqcrs. — This  gentleman's  question  and  Mr.  Taylor's 
answer  make  the  thing  clear  to  me  now.  This  diiferential  rate 
is  really  a  punishment  inflicted  on  a  man  when  he  does  not  attain 
the  high  standard  lixed — the  maximum  standard — in  the  quality 
of  the  workmanship.  As  long  as  he  does  that  he  receives  no 
punishment,  but  when  he  fails,  he  is  punished  under  the  disguise 
of  a  differential  rate. 

Mr.  Piatt. — 1  would  like  to  ask  Mr.  Taylor  whether  the  price 
is  set  at  what  might  be  called  the  highest  possible  efficiency. 
For  instance,  in  the  case  of  turning  tires,  the  rate  is  put  down  at 
35  cents  if  10  tires  are  turned,  and  at  25  cents  if  less  than  10 
are  turned.  Now,  is  10  ail  that  it  is  possible  for  a  man  to  do,  or 
would  he  ever  get  out  12? 

Jfr.  Taylor. — The  case  referred  to  in  the  paper  was  not  that  of 
turning  tires.  In  this  case,  however,  I  have  known  one  man  to 
get  out  11  pieces  in  the  whole  course  of  years  of  work.  That  is  the 
most  that  has  ever  been  done  in  a  day. 

Mr.  Plait. — Concerning  the  highest  price,  it  seems  to  me  that 
some  have  overlooked  the  fact  that  it  is  an  advantage  to  the  works 
Iq  have  the  men  turn  out  as  much  as  possible,  because  it  costs 
just  as  much  for  fixed  charges,  whether  the  tool  turns  out  5  pieces 
or  10.  On  page  879  of  this  paper,  the  "  machine  cost,''  which  I 
suppose  includes  all  kinds  of  fixed  charges,  is  given  at  $3.37  per 
day.  That  is  33y'V  cents  on  10  pieces,  and  67i^o  cents  on  5  pieces, 
a  difference  of  33-i'V  cents.  That  is  a  very  good  profit  on  some 
pieces.  On  that  account,  I  think  it  is  desirable  to  let  the  men 
know  that  you  know  how  much  it  is  possible  to  do.  I  have  been 
on  both  sides  of  this  question,  and  I  do  not  take  wholly  either  the 
side  which  Mr.  Ilot^ers  takes  or  the  side  that  Mr.  Taylor  takes. 
I  must  say  that  I  lean  a  good  deal  more  toward  Mr.  Taylor  than 
toward  Mr.  Rogers.  I  never  had  any  difficulty  in  instituting  the 
piece-rate  price. 

Allusion  lias  V^een  made  to  apprentices.  I  had  experience  for 
a  nnnib(!r  of  years  with  a  **  bonus"  system,  which  worked  admi- 
rably, and  in  which  there  was  a  prize — not  a  forfeit — in  case  the 
boy  did  his  work  properly.  Starting  in  at  50  cents  a  day,  we 
worked  up  to  $1,25.  We  advanced  wages  every  six  months,  and 
credited  a  bonus  to  those  who  did  their  work  properly.  At  the 
end  of  four  years,  or  whatever  the  time  was,  they  were  paid 
what  hml  accumulated.  If  one  came  in  two  or  three  days  before 
the  term  was  up,  and  wanted  a  little  of  the  bonus  money,  it  was 
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refused,  and  thej  were  told,  "  If  you  come  here  after  six  o'clock  on 
the  last  night  of  the  apprenticeship  you  will  get  your  bonus,  but 
if  meanwhile  you  maHciously  spoil  a -machine,  you  will  forfeit  the 
whole  bonus."  The  consequence  was  that  the  boys  took  their  $100 
or  $145  when  the  time  was  up,  put  some  of  it  in  the  savings  bank, 
and  became  some  of  the  best  workmen  in  the  shops.  I  do  not 
believe  there  is  anything  in  this  world  that  we  work  for  except 
reward  and  the  fear  of  punishment. 

M7\  J.  L.  Gobeille. — This  paper  is  especially  interesting,  since 
our  moral  responsibility  toward  those  in  our  employ  is  so  prom- 
inent a  feature  of  this  discussion.  In  a  certain  concern,  twenty 
men  were  displaced  by  that  number  of  women,  the  output  of  both 
being  practically  the  same.  Now,  the  average  pay  of  these  women 
was  much  less,  perhaps  one-half  what  the  men  had  earned. 

While  we  are  discussing  ethics  and  morals,  the  question  comes 
to  me  whether  it  is  right  to  put  those  women  in  at  the  highest 
rate  they  had  previously  earned,  and  thus  save  an  equal  sum  for 
the  department,  or  whether  they  should  have  been  paid,  as  Mr. 
Taylor  paid  his  apprentices,  equal  pay  for  equal  work.  Appren- 
ticeship, by  the  way,  is  a  back  number  and  a  lost  art,  except  in 
shops  in  small  country  towns,  and  they  do  not  pay  the  same  rate 
as  men  get  per  unit  of  work. 

Seriously,  I  believe  the  "woman  question"  will  be  prominently 
before  the  Society  in  a  few  years.  In  a  little  while  women  will  be 
running  all  the  lighter  tools  in  machine-shops  and  factories.  This 
is  certainly  coming.     I  am  doin^  it  and  others  must  come  to  it. 

Believing  that  our  first  duty  is  to  the  workman,  and  profit  on  the 
investment  a  secondary  consideration,  what  discrimination,  if  any, 
shall  we  make  between  men  and  women,  without,  perhaps,  in 
every  instance  taking  the  high  moral  ground  that  Mr.  Rogers 
esteems  so  important  in  running  a  factory  ? 

Mr.  J,  F,  Ilolloicay. — ^Feeling  that  I  may  possibly  claim  a  place 
in  that  class  known  as  old-time  mechanics,  I  would  like  to  say  a 
few  words  on  the  matter  under  discussion.  It  certainly  does  com- 
mend itself  to  all  thoughtful  and  well-meaning  persons,  that  there 
should  be  some  method  provided  by  which  workmen  could  obtain 
a  better  rate  for  what  they  do,  and,  at  the  same  time,  that  pro- 
prietors should  make  more  money  out  of  it.  Whenever  that  can 
be  accomplished,  it  certainly  will  be  a  long  step  in  advance.  It 
seems  to  me  that,  in  these  latter  days,  so  many  combinations  and 
so  many  differences  have  come  up  that  it  is  exceedingly  difficult 
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to  see  how  this  may  be  brought  about.  The  changed  conditions 
in  manufacturing,  especially  in  the  line  of  manufacturing  with 
which  most  of  us  are  connected,  that  of  machinery,  are  so  different 
from  what  they  were  years  ago  that  they  have  brought  in  new 
complications.  As  Mr.  Gobeille  has  well  said,  he  doesn't  know 
where  the  apprentices  are  to-day.  I  myself  hardly  know  where 
YOU  will  find  apprentices.  When  Mr.  Eogers  and  I  were  boys, 
tlie  apprentices  were  in  small  shops.  The  machine  shops  of  this 
country  were  individual  shops ;  they  were  owned  by  the  man  who 
operated  them,  or  by  a  small  partnership,  and  the  apprentice  had 
the  privilege,  the  inestimable  privilege,  of  living  in  the  family,  of 
getting  up  in  the  early  morning  and  making  the  fire,  milking  the 
cow,  and  taking  care  of  the  horse,  before  he  went  to  work  in  the 
shop.  There  was  a  certain  community  of  feeling,  in  those  days, 
between  the  boys  in  the  shop  and  the  master,  which  I  think 
j)assed  away  when  machine-shop  owners  became  corporations, 
when  they  were  managed  by  a  board  of  directors  who  never  saw 
the  workmen,  who  knew  nothing  of  them,  individually,  and,  as  I 
fear,  cared  less. 

It  is  unfortunate  in  many  ways  that  there  should  have  been 
that  sort  of  a  diversion  of  interests,  that  sort  of  almost  antagonism 
which  has  grown  up  in  these  latter  years  betw^een  workmen  and 
their  employers,  and  often  for  the  reason  that  tliej^  do  not  know 
who  their  employers  are.  They  know  the  superintendent  of  the 
works,  and  they  know  their  foreman,  and  they  have  a  slight 
acquaintance  with  the  paymaster,  through  the  medium  of  their 
check  number,  but  over  and  beyond  that  they  do  not  know  who 
they  work  for.  They  never  come  in  contact  with  the  owners, 
and  that  sort  of  liuman  contact  which  is  so  essential  to  good 
feehug,  as  Mr.  Taylor  has  well  observed,  is  not  now  prominent. 
Tiie  directors  look  only  at  the  balance  sheet.  If  the  affairs  of 
the  company  have  been  well  managed,  or  the  state  of  the  market 
has  been  such  as  to  enable  them  to  show  good  balance  sheets, 
then  there  is  nothing  said  ;  but  if  unfortunate  contracts  have  been 
made,  or  if  the  market  prices  have  gone  down  and  the  balance  is 
on  the  wrong  side  of  the  ledger,  the  directors,  meeting  in  solemn 
conclave,  say,  Well,  we  have  got  to  cut  the  workmen,  and  they  do 
ho;  and  in  doing  that  there  has  grown  up,  as  I  say,  a  sort  of 
antagoni.sm  ])etween  workmen  and  employers  which  is  exceedingly 
unfortunato  for  both.  If  any  way  can  be  devised  by  which  this 
can  Ix:  remedied,  it  will  be  certainly  an  advantage  to  each.     So 
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far  as  the  intent  of  the  paper  is  concerned,  and  so  far  as  the 
many  good  things  in  it  are  concerned,  I  heartily  commend  it,  aod 
I  am  very  glad,  indeed,  to  have  listened  to  it.  I  am  very  glad, 
indeed,  to  know  that  there  are  gentlemen  in  the  profession  of 
engineering  who  are  thinking  and  studying  about  the  social  side 
of  tliese  questions,  and  I  am  in  hopes  that  something  may  come 
out  of  it  which  may  be  of  mutual  benefit.  There  are  other 
elements  which  have  come  into  existence  in  latter  years  which 
have  been,  I  think,  equally  harmful.  Among  them  are  organi- 
zations, ostensibly  for  the  benefit  of  the  workman  and  possibly  in 
some  ways  truly  so.  In  many  instances  they  have  assumed  to  do 
the  workman's  thinking.  They  have  assumed  to  take  care  of  the 
workman,  as  they  say,  but  unfortunately,  in  many  cases,  the  men 
who  have  thus  assumed  to  take  care  of  the  workmen  are  not  the 
men  who  should  have  been  put  in  the  place  of  leaders,  and  it  is, 
unfortunately,  often  for  this  reason  that  strikes  arise,  that  divisions 
take  place.  There  has  grown  up  a  feeling  that  one  man  shall  have 
the  same  pay  as  another  man,  irrespective  of  his  skill,  experi- 
ence, or  industry.  I  think  that  is  unfortunate,  because  it  detracts 
from  the  energy  and  from  the  industry  and  from  the  ambition  of 
a  good  man.  These  associations,  which  I  am  quite  willing  to 
believe  were  intentionally  well-meant,  and  designed  for  the  wel- 
fare of  the  workmen,  compel  certain  things  which  I  am  certain 
do  not  in  the  end  conduce  to  their  advantage,  because  it  brings 
all  men  to  one  lower  level.  No  matter  how  good  workmen  they 
may  be,  no  matter  how  industrious  they  may  be,  no  matter  how 
ambitious  they  may  be  to  get  a  home  for  themselves  and  their 
family,  they  are  tied  down  to  one  common  grade  and  they  are 
controlled  often  by  one  person,  so  that  the  individual  liberty  of 
the  workman  to-day  is  w^anting. 

As  to  the  matter  of  apprentices  and  as  to  the  matter  of  pay 
that  they  may  get,  I  w^ould  say  that  the  work  of  to-day  is  done 
largely  by  special  machinery.  I  can  hardly  agree  with  my  friend 
Mr.  Kogers  in  his  suggestion,  elsewhere  made  at  this  meeting, 
that  we  should  do  away  with  all  engine  lathes,  and  throw  them 
into  the  scrap  heap ;  but  it  is  true  that  the  special  machines  of 
to-day  largely  supplement  the  industry  and  the  intelligence  of  the 
workman.  A  bright  young  fellow,  without  any  previous  mechani- 
cal training,  can  go  into  almost  any  establishment  and  go  on 
almost  any  machine,  and  with  industry  and  application  he  can  in 
a  very  short  time  do  just  as  much  as  a  skilled  workman  on  that 
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nirtcliine.  In  fact,  the  term  skilled  workman  is  now  a  very  in- 
dotinite  term.  He  may  be  a  skilled  workman  on  a  slotting 
inachino,  or  a  sliaper,  or  milling  machine,  but  the  true  skilled 
workman,  whom  you  could  send  anywhere  to  do  anything,  and 
who  could  accomplish  it  with,  few  or  no  tools,  is  sadly  wanting. 
So  I  can  hardly  see  how  you  can  manage  the  apprentice  part  of 
any  system  so  long  as  there  are  no  longer  any  apprentices  to  apply 
it  to. " 

Mr.  Ch<i-<.  11.  Norton. — I  do  not  feel  competent  to  discuss  this 
paper,  although  my  sympathies  are  with  Mr.  Taylor,  and  I  believe 
his  sympathies  are  with  the  right  in  this  matter.  About  the 
apprentice  question — Mr.  Eogers  says  that  apprentices  have  no 
business  in  a  prosperous  shop  ;  that  we  cannot  make  money  and 
run  an  educational  institution ;  that  is  the  way  I  interpret  him. 
Now,  if  you  were  in  my  office  I  could  show  you  a  picture  of 
some  60  or  80  apj^rentices  ;  that  picture  was  taken  in  their 
lecture-room,  and  the  concern  they  worked  for  is  probably  the 
most  prosperous  machinery  concern  in  the  world.  It  is  man- 
aged mostly  on  the  day-work  system,  but  the  personal  element 
of  the  manager  has  probably  most  to  do  with  it.  If  our  educa- 
tional institutions  could  "  hrincj  ujp "  mechanics,  and  educate 
into  them  the  right  personal  elements  to  fit  them  to  manage 
workmen  as  meii^  as  Mr.  Taylor  says,  such  ability  on  the  part 
of  managers  will  bring  success  with  any  reasonable  plan.  The 
concern  I  refer  to  is  the  Brown  &  Sharpe  Manufacturing 
Company,  employing  at  one  time  1,200  men.  They  have  got 
♦>0  or  80  apprentices,  and  those  apprentices  are  apparently 
liappy,  and  they  take  a  good  deal  of  pride  in  their  institution  ; 
an  you  see  them  in  their  lecture-room  every  week  and  somebody 
to  talk  to  them  there — in  the  establishment  or  from  outside — you 
will  see  that  they  are  enjoying  it  and  they  are  learning  some- 
thing. And  that  concern  is  probably  making  as  good  a  profit 
a8  any  machinery  concern  in  the  world,  and  the  profit  is  coming 
along  with  that  "  educational  institution." 

}fr.  \V.  U.  Warner. — There  are  quite  a  number  of  large  manufac- 
torieH  where  the  apprentice  system  has  been  very  successfiilly 
carried  out.  The  firm  in  which  I  am  interested  often  receive 
letters  of  application  for  positions  from  East  and  "West  and  all 
around,  and  it  is  not  a  rare  occurrence  for  the  letter  to  begin  with 
the  Htatemont  that  tlio  writer  served  an  apprenticeship  with  the 
Brown  k  Hharpe  Company  or  with  the  Pratt  k  Whitney  Com- 
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pany,  and  the  fact  is  that  that  is  the  best  recommendation  that 
these  young  men  can  have.  Being  able  to  state  that  fact  is 
equivalent  to  securing  them  work,  and  as  a  result  it  is  very 
seldom  that  a  person  makes  application  to  our  shop  who  has  ever 
learned  a  trade  in  those  comj)anies,  because  they  have  employ- 
ment continually  ;  they  do  not  get  out  of  a  job,  and  wdien  they 
wish  to  change,  all  they  have  to  do  is  to  write  to  this,  that,  and 
the  other  firm,  and  work  is  offered  them  at  once.  Now,  I  am 
familiar  with  the  system  to  which  Mr.  Norton  has  referred 
with  the  Brown  &  Sharpe  Company,  and  also  with  the  Pratt  <fe 
Whitney  Company,  and  I  want  to  say  that  if  a  census  of  both 
those  concerns  were  taken,  you  would  find  that  nearly  all  the 
foremen  or  managers  or  chief  draughtsmen  were  apprentices  for 
those  companies.  This  is  an  illustration,  and  pardon  me  for 
making  it  a  personal  one.  The  firm  in  which  I  am  interested 
has  as  its  superintendent  a  young  man  who  learned  the  trade 
with  us.  We  have  as  our  chief  draughtsman  a  young  man  who 
learned  the  trade  with  us.  We  have  as  our  leading  foremen,  all 
through  the  establishment,  young  men  who  learned  the  trade 
with  us.  They  are  better  than  any  we  can  hire.  Just  a  word 
of  encouragement  for  those  apprentices.  Take  the  Brown  & 
Sharpe  Company  or  the  Pratt  &  Whitney  Company.  They  sup- 
ply their  draughting-room  with  their  best  apprentices.  It  is  a 
special  reward  of  merit  for  any  apprentice  to  secure  entrance 
into  the  draughting-room.  As  a  result  these  concerns  never  go 
outside  to  hire  draughtsmen,  because  they  have  those  among 
their  own  men  who  know  their  methods  of  construction,  who 
understand  all  their  system,  and  that  is  more  than  any  outsider 
can  possibly  understand.  A  few  weeks  ago  we  needed  a 
draughtsman.  The  superintendent  said  he  was  going  to  look 
over  the  young  men  in  the  shop  and  find  who  was  the  best  one. 
Never  for  a  moment  did  he  think  of  going  outside  and  hiring  a 
draughtsman.  But  he  went  among  the  best  workmen,  and 
picked  out  one  who  Avas  the  most  efficient  when  he  was  in  the 
draughting-room.  When  we  want  a  boy  in  tbe  draughting- 
room,  first  beginning  to  trace  drawings,  and  make  blue-prints, 
and  finally  designing,  we  find  the  best  boy  who  has  made  the 
best  record,  intellectually  and  morally  and  every  other  way,  in 
his  work  in  the  shop,  and  as  a  special  reward  of  merit  that  fellow 
is  put  in  the  draughting-room  and  given  six  months  there.  If  he 
uses    his  opportunities    he    will,   by   the  time    he  finishes   his 
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apprenticeship,  be  not  only  an  excellent  machinist,  but  a 
ilrau*rhtsmjin  and  designer,  and  many  such  are  being  turned  out 
overv  vear  in  these  large  concerns  down  East.  If  you  go  among 
the  shops  in  Chicago  or  the  Western  States  you  find  in  almost 
every  one  of  them  a  few  Pratt  &  Whitney  men  and  a  few  Brown 
A:  Sharpe  men.  They  have  left  the  parent  concern  with  the  educa- 
tion they  received  there,  and  they  are  taking  these  leading  posi- 
tions in  those  large  manufacturing  concerns  in  the  West.  Now, 
most  of  those  men  I  have  referred  to  have  not  received  a  tech- 
nical education.  Doubtless,  all  would  have  succeeded  better 
had  they  received  a  technical  education.  In  a  shop  I  know  well, 
a  young  man  who  came  from  the  woods  of  Maine  is  now  superin- 
tendent, and  has  had  under  him  for  two  years  a  professor  of  civil 
engineering  who  has  taught  in  the  colleges  for  twelve  years,  and 
still  he  has  been  under  this  backwoods  boy,  getting  less  than  half 
the  salary  he  receives,  simply  because,  with  his  technical  educa- 
tion, iie  has  not  come  up  to  the  standard  which  this  other  one 
had  attained  without  it.  I  ought  to  qualify  this  remark  simply 
to  say  that  I  do  not  in  any  way  undervalue  the  technical  educa- 
tion, but  I  state  this  to  show  how  young  men  who  came  up  from 
the  ranks  have,  in  spite  of  that  drawback,  gained  ground  every 
year,  and  come  forward  and  developed  qualities  for  commanding 
men,  qualities  for  working  out  difficult  engineering  problems. 
One  of  the  most  important  of  those  qualities  is  the  qualification 
for  managing  men,  and  it  is  one  department  which  I  believe  all 
colleges  in  the  future  will  organize,  with  special  methods.  The 
colleges  teach  the  rules  in  the  books,  they  teach  the  engineer- 
ing rules,  but  one  of  the  most  important  things  for  any  young 
man  to  learn  is  diplomacy,  executive  ability.  It  may  all  be 
summed  up,  perhaps,  in  those  two  words.  Now^,  he  can  learn 
that  in  a  large  establishment  like  Pratt  &  Whitney's  or  Brown 
<fe  Sbarpe's,  Vmt  never  could  he  learn  that  in  a  college.  It  is  one 
of  the  elements  and  (jualifications  which  is  most  important  and 
most  essential  in  the  education  of  any  young  engineer.  I  am 
glad  to  tell  Mr.  Iiogfirs  tliat  these  large  companies  down  East 
are  Htill  keeping  up  the  apprentice  system,  and  the  companies 
througliout  tlie  country  are  receiving  good  superintendents,  who 
come  from  I'^rown  k  Sharpe  and  Pratt  &  Whitney  and  other 
similar  institutions. 

Jfr.  F.   M.  7ayl()r.^~-\  am  much  surprised  and  disappointed 
*  Author's  closure,  under  the  Rules. 
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that  the  elementary  rate-fixing  lias  not  receiyed  more  attention 
during  the  discussion.  No  better  evidence  could  have  been 
produced,  however,  of  the  crude  and  elementary  state  in  which 
the  art  now  stands,  of  determining  the  time  to  do  work  and  of 
fixing  rates,  than  that  only  one  member  of  the  engineering 
Society  which  is  in  the  closest  touch  with  the  manufacturers  of 
the  country  should  have  most  briefly  referred  to  the  matter, 
while  thirteen  engineers  have  discussed  at  length  the  less 
important  matter  of  what  kind  of  piece-work  to  use. 

I  am,  nevertheless,  most  firmly  convinced  that  the  question  of 
scientific  rate-fixing  must  occupy  more  and  more  of  the  attention 
of  manufacturers  in  the  future.  Competition  will  force  the 
subject  upon  them. 

I  think  that  this  will  prove  a  most  fruitful  field  for  investiga- 
tion for  young  engineers  in  the  future. 
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DCXLVIII.* 

TUB    EFFECT  OF    LENGTH    OF   SPECIMEN    ON  THE 
PERCENTAGE   OF  EXTENSION 

BY   R.    C.   CARPENTER,    ITHACA,   N.   Y. 

(Member  of  the  Society.) 

In  making  tests,  during  the  past  season,  of  steel  to  be  used  in 
boiler  construction,  to  determine  whether  or  not  certain  specifi- 
cations as  to  strength  and  ductility  were  complied  with,  the 
writer  found  that  in  most  cases  no  requirement  for  the  length 
of  specimen  from  which  the  tests  were  to  be  made  was  included 
in  the  specifications,  and  that  the  practice  among  different 
manufacturers,  as  to  the  length  of  the  test  specimen,  varied  con- 
siderably with  circumstances. 

In  makin<]:  the  tests  the  extension  was  in  all  cases  measured 
after  the  rupture  had  occurred,  allowing,  when  necessary,  for 
eccentric  fracture,  by  the  method  given  at  length  in  vol.  xi., 
page  621,  of  the  Transactions  of  this  Society,  and  the  percent- 
age of  extension  was  obtained  by  dividing  the  corrected  exten- 
sion by  the  original  length. 

It  was  well  known  before  making  the  tests  that  the  percent- 
age of  extension  obtained  in  this  manner  was  affected  to  a  great 
extent  by  the  length  of  the  specimen,  and  the  investigation,  the 
results  of  which  are  recorded  in  this  paper,  was  undertaken  for 
the  purpose  of  ascertaining,  if  possible,  what  difference  was  due  to 
varying  lengths  of  specimen,  t  The  investigation  was,  of  a  neces- 
sity, limited  to  such  specimens  as  could  be  obtained  for  the  pur- 
])08e,  and  hence  the  results  which  are  given  will  probably  need 
t^>  be  modified  more  or  less,  for  material  of  different  nature  or 
when  tested  under  different  conditions. 


NoTK. — The  lerm  dvrMlity  is  often  applied  to  denote  the  perc(?ntage  of  exten- 
nlon,  and  whh  ho  uned  in  the  ori^nnal  manuscript  of  this  paper.  This  terra  is  ahso 
applied  i()  a  f>hy.sical  property  of  matter,  and  the  writer  agrees  with  Mr.  Henning 
and  otherM.  tliat  it  ih  well  to  confine  the  term  to  \i»  physical  application,  and  to 
use  extetiHion  in  its  stead  in  engineering  discussions. 

•Pre»^nt»-d  at  the  Detroit  meeting  (June,  1895)  of  the  American  Society  of 
Mechaniral  EnglneerH,  and  fonnii.g  part  of  Volume  XVI.  of  the  Transactions. 

f  See  aljKj  TrauHfirtions  American  Society  Mechanical  Engineers,  vol.  xiii., 
pp.  289-296. 
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Previous  to  making  the  test  a  series  of  experiments  had  been 
made  in  the  Sibley  College  laboratories  on  specimens  of  various 
kinds,  which  indicated  that  the  extension  per  unit  of  length  at 
maximum  load  was  constant  throughout  a  test  specimen,  and 
hence  was  independent  of  the  length  of  specimen.  In  connec- 
tion with  this  investi- 
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Fig.  239. 


_^ 


gation,  this  property 
was  also  examined, 
and  from  the  limited 
nature  of  the  experi- 
ments made  it  would 
appear  that  if  the  quality  of  steel  were  gauged  by  the  percent- 
age of  extension  at  maximum  load  instead  of  percentage  after 
rupture  the  length  of  the  specimen  would  have  little  or  no 
material  affect  on  the  results. 

The  tests  which  are  recorded  were  made  on  specimens  with 
flat  and  round  section.  Flat  specimens,  of  the  form  shown  in 
the  accompanying  diagram  (Fig.  239 ),  were  cut  out  of  coupons  of 
boiler  steel  furnished  by  the  Watertown  Engine  Works.  The 
length  between  shoulders  was  made  respectively  two,  four,  six, 
and  eight  inches. 


4  6 

Lengths  between,  Shauldexs  In  inchfis. 

Fig.  240. 

The  flat  specimens  were  in  two  series ;  in  one  they  were  an 
inch,  and  in  the  other  an  inch  and  a  half,  in  width. 

The  steel  furnished  was  not  in  every  case  from  the  same 
sheets,  and  hence  there  was  some  individual  difference,  due  to 
the  nature  of  the  steel. 

58 
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Tho  detailed  results  of  the  tests  are  given  in  the  accompany- 
ing table,  and  are  shown  graphically  in  diagram,  Fig.  240. 

From  the  diagram  the  general  results  of  the  tests  are  readily 
seen.  It  will  be  noted  that  the  wider  plate  shows  a  greater 
percentage  of  extension  than  the  narrower  one,  and,  further,  that 


c 

54  7o  G2>i%  71.5  7o  85  7o 

Length  between  Shoulders  in  Inches. 

Fig.  241. 


the  percentage  of  elongation  at  maximum  load  is  practically 
constant,  regardless  of  the  length  of  test  specimen.  The  aver- 
age results  of  all  tests  on  flat  plates  are  shown  in  Fig.  241. 

Tlie  test  made  with  round  specimens  was  conducted  in  essen- 
tially the  same  manner  ;  the  iron  before  turning  being  uniformly 
of  a  diameter  of  ■}  inch,  which  was  turned  down  to  f  inch  in 
the  centre,  for  a  distance  half  an  inch  greater  than  the  gauged 
length  of  specimen.  For  convenience  in  turning,  a  shoulder  |J 
inch  in  diameter  and 
half  an  inch  in  length 
was  left  on  each  end. 
The  general  form  of 
the  test  specimen  being 
as  shown  in  Fig.  242, 
tho  gauged  length  was  respectively  two,  four,  six,  and  eightinches. 

The  H]>ecimens  were  all  tested  in  tension,  in  the  same  way, 
and  on  tlio  same  testing  machine.  The  testing  was  done  by  Mr. 
C.  E.  Houj^liton,  M.E.,  assisted  by  H.  J.  Edsall  and  M.  C. 
lUjTiy  as  observers,  and  to  whom  I  am  indebted  for  assistance 
in  working  up  the  results. 


Fig.  243. 
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In  testing,  the  load  was  rapidly  applied  until  nearly  the  maxi- 
mum was  reached ;  it  was  then  applied  slowly  until  after  the 
maximum  had  been  passed.  The  position  of  the  maximum 
load  was  determined  by  observation  of  the  scale  beam  of  the 
machine,  which  can  be  done  with  accuracy.  At  the  instant  the 
maximum  load  was  reached,  the  extension  was  measured  by 
sharp-pointed  calipers  and  the  results  recorded.  This  method 
of  measurement  of  extension  is  open  to  a  slight  error,  due  to 
inexactness  of  applying  the   calipers,  and  also  to  reading  the 


2  in.  4  in.  6  in.  3  in. 

Length  of  Specimen 

Fig.  243. 

results  on  a  detached  scale,  but  in  nearly  every  case  the  total 
extension  was  so  much  that  the  maximum  error  could  not  make 
any  very  great  difference  in  the  percentage  of  extension.  It 
would,  however,  be  quite  easy  to  design  an  apparatus  which 
would  give  with  great  accuracy  the  extension  at  the  point  of 
maximum  load,  thus  eliminating  any  possible  errors  of  observa- 
tion. 

The  general  results  of  the  tests  with  wrought-iron  round 
specimens  are  shown  in  the  accompanying  diagram,  and,  mak- 
ing an  allowance  for  difference  in  individual  specimens,  would 
seem  to  follow  the  same  general  law  as  the  flat  specimens,  in 
showing  a  decreasing  percentage  of  extension  when  measured 
after  rupture,  and  a  practically  constant  percentage  of  elonga- 
tion when  measured  at  the  time  of  maximum  load. 
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Tensile  Strength  and  Extension  after  Rupture,  also  at  Maximum  Load 
FOR  Wrought-Iron  Specimens  op  Different  Lengths. 


Length. 

Diam. 

Max.  Load. 

Break.  Load. 

Extension. 

No. 

Max. 
Load. 

Final. 

Averages. 

1 
2 
3 

inches. 
2 
2 
2 

inches. 
.625 
.633 
.633 

pounds. 

52,100 
51.200 
51,400 

pounds. 

42,100 
42.400 
42,300 

p.  c. 
28 

25.5 
26 

p.  c. 
43.5 
41.5 
40.5 

Tensile   Strength,   51,570 

pounds. 
Extension,  26.5 — 41.8p.c. 

4 
5 
6 

4 
4 
4 

.642 
.629 
.620 

51.900 
50,200 
51,100 

42,300 
41,800 
42,100 

25.25 

21.3 

26 

34 
29 
38.2 

Tensile   Strength,  51,070 

pounds. 
Extension,  24.2— 33.7  p.  c. 

7 
8 
9 

6 
6 
6 

.630 
.622 
.621 

51,700 
51,000 
50,200 

43,300 
40,100 
41,600 

26 
25 
26.2 

31.3 

29.8 
32.16 

Tensile  Strength,   50,970 

pounds. 
Extension,  25.7—31.1  p.c. 

10 
11 
12 

8 
8 
8 

.631 
.635 
.612 

50,200 
51.800 
50,100 

42,600 
43,300 
41,100 

23.6 

22.25 

24.4 

28.4 
24.5 
27.3 

Tensile   Strength,  50,700 

pounds. 
Extension,  23.4 — 26. 7  p.c. 

Averao:e  diameter  of  reduced  section  =0.43  inch. 


The  general  conclusions  from  the  experiments  are  :  First,  that 
a  standard  size  of  specimen  is  necessary  in  order  that  the  per- 
centage of  extension  shall  have  any  definite  value. 

Second,  that  the  ultimate  strength  of  specimens  of  boiler 
steel  or  of  homogeneous  wrought  iron,  for  specimens  between 
two  and  eight  inches  in  length,  is  independent  of  the  length  of 
the  test  specimen. 

Third,  that  measures  of  the  percentage  of  elongation  taken 
at  the  instant  of  maximum  load  are  more  uniform  than  percent- 
ages of  extension  taken  in  the  usual  manner  after  rupture  has 
occurred. 

Fourth,  the  percentages  of  elongation  at  maximum  load  are 
in  every  case  less  than  percentage  of  extension  taken  after  rup- 
ture, for  specimens  two  to  eight  inches  in  length,  but  they  are 
more  nearly  equal  as  the  specimen  is  longer. 

While  the  experiments  which  have  been  made  are  not  suf- 
ficiently extensive  to  form  a  basis  for  a  general  method  of 
reducing  the  results  obtained  with  one  length  to  those  which 
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20         2o         30         35         40         45  50 

Extension  measured  after  ruptiire. 

Fig.  244. 


would  be  obtained  with  another  length  of  specimen,  yet,  for  the 
conditions  which  existed  for  the  tests  that  have  been  described, 


i  6 

ttngth  of  Specimen  In  Inches. 

Fig.  245. 


the  following  graphical  construction  will  serve  to  reduce  the 
regnltH  from  the  case  of  percentage  of  elongation  measured  after 
rupture,  to  that  of  percentage  of  extension  at  maximum  load. 
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Thus,  for  instance,  in  Fig.  244  the  extension  measured  after 
rupture  is  abscissa  ;  the  per  cent,  of  extension  at  maximum  load, 
the  ordinate.  As  an  illustration  of  the  method  of  using  the 
diagram,  suppose  that  the  extension  measured  after  rupture  is 
30  per  cent,  in  a  two-inch  specimen  ;  it  will  be  found  that  this 
corresponds  to  15.3  per  cent,  elongation  at  maximum  load. 
This  result  is  obtained  bj  noting  the  intersection  of  the  line 
corresponding  to  the  length  of  specimen  with  the  vertical  line 
from  30,  and  then  reading  the  corresponding  results  on  the  same 
horizontal  line  to  the  left. 

Fig.  245  is  a  diagram  used  in  a  similar  manner,  in  which  the 
length  of  specimen  in  inches  in  coordinated  with  the  percentage 
of  extension  at  maximum  load. 

DISCUSSION". 

Mr.  Gustavus  C.  Henning. — In  comment  upon  the  occasional 
inaccurate  use  of  the  word  "  ductility,"  referred  to  by  the  author 
in  his  note,  I  would  call  attention  to  the  fact  that  ductility  is  a 
physical  quality,  and  elongation  is  an  effect  produced  by  extrane- 
ous forces.  ^No  matter  what  the  length  of  the  test-piece  may  be, 
the  ductility  is  exactly  the  same,  although  the  elongation  varies 
in  proportion  to  the  shape  and  length  of  the  piece.  This  fact  of 
percentage  of  elongation  being  the  same,  and  uniform  for  all 
lengths  of  test-pieces  at  the  maximum  load  the  test-piece  can 
carry,  is  a  very  valuable  one,  and  has  been  observed  frequently 
heretofore,  especially  by  Mr.  J.  H.  Wicksteed,  of  Leeds,  who  has 
recommended  to  adopt  the  proportionate  elongation  of  the  test- 
piece  up  to  the  maximum  load,  for  the  reascfn  that  no  matter 
what  size  of  test-piece  is  used,  you  will  always  get  the  same  result. 
I  think,  if  the  testinor-machine  is  calibrated,  and  the  material  is  the 
same,  that  the  results  obtained  will  be  exactly  identical  for  all 
lengths  of  test-piece  when  elongation  is  measured  at  the  instant 
of  maximum  load.  Of  course,  it  gives  a  chance  to  the  operator  to 
run  his  machine  a  little  bit  further  than  the  maximum  load,  and 
then  measure  elongation,  because  it  is  not  such  an  easy  matter  to 
say  at  what  particular  point  the  maximum  load  is  reached.  But 
a  conscientious  observer  can  make  no  mistake  about  it.  Of  course 
we  kno^  that  the  increased  percentage  of  elongation  due  to 
shorter  test-pieces  is  on  account  of  the  great  amount  of  elonga- 
tion which  occurs  within  from  1  to  2  inches  of  the  point  of 
fracture,  according  to  the  size  of  the  test-piece.     In  other  words, 
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with  a  test-piece  which  is  |  of  an  inch  in  diameter,  the  principal 
elono-ation  occui*s  within  the  inch  and  a  half  about  the  point  of 
fracture ;  that  is,  J  of  an  inch  each  side  from  the  point  of  final 
jKirtiui^.  Outside  that  inch  and  a  half  the  elongation  is  practi- 
cal! v  constant,  just  the  same  as  it  was  at  the  instant  of  rupture. 
From  the  instant  of  maximum  load  on,  no  further  elongation 
occui-s  in  the  rest  of  the  test-piece,  but  is  entirely  localized  around 
the  point  of  fracture  in  the  test-piece,  producing  stricture  and 
laige  reduction  of  cross  section.  Barba's  experiments  showed  the 
same  thing,  although  he  did  not  show  that  measurements  of 
elongation  at  maximum  load  gave  uniform  results  for  all  lengths 
of  test-piece.  It  is,  of  course,  only  one  more  fact  which  goes  to 
show  what  was  laid  before  the  Society  by  the  Committee  on 
Standard  Methods  of  Testing,  in  the  report  which  is  here  mentioned, 
and  which  is  a  translation  of  Professor  Belelubsky's  investigation 
of  the  whole  subject,  where  he  devises  a  method  and  formula  by 
which,  with  any  length  of  test-piece,  you  can,  by  plotting  or 
calculation,  determine  the  elongation  of  any  other  length  of  test- 
piece  of  the  same  material,  if  it  had  been  used.  He  shows  how 
you  can  eliminate  from  any  report  that  amount  of  elongation 
which  is  due  solely  to  the  constriction  about  the  point  of  fracture. 
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DCXLIX.* 

TESTS   MADE   OX  THE  EXPERIMENTAL    EXGIXE   OF 
SIBLEY  COLLEGE,   CORXELL    UXIVERSITY. 

SIMPLE,  COMPOUND,  AND  TRIPLE  EXPANSION,  WITH  VARYLXG 
RATES  OF  EXPANSION,  AND  JACKETED  AND  UNJACKETED. 
EFFECT  OF  SPEED  AND  STEAM  PRESSURE  ON  CYLINDER  CON- 
DENSATION.     EFFECT  OF  VARYIXQ-  RATIOS  OF  COMPRESSION. 

BY  R.  C.  CAIIPEXTER,  ITHACA,  N.  Y. 

(Member  of  the  Society.) 

The  tests  which  Avill  be  described  in  this  article  were  made 
in  every  case  under  the  general  supervision  of  the  writer  and 
the  immediate  supervision  of  Mr.  O.  G.  Heilman,t  instructor, 
and  for  graduating  theses  by  various  post-graduate  students. 

THE   ENGINE. 

The  engine  used  in  these  tests  was  the  Sibley  College  Experi- 
mental Engine,  designed  by  Edwin  Reynolds,  under  the  general 
direction  of  Dr.  Thurston.  As  a  whole,  it  may  be  described  as 
a  horizontal  triple-expansion  Corliss  engine,  coupled  to  three 
cranks  120  degrees  apart.  The  cylinders  are  9, 16.  and  24  inches 
in  diameter,  with  a  common  stroke  of  36  inches.  The  shaft  is 
in  three  sections,  connected  by  flange  couplings ;  each  section 
carries  a  fly-wheel,  brake-wheel,  £.nd  brake.  The  steam  and 
exhaust  piping  are  arranged  in  such  a  manner  that  any  cylinder 
can  be  given  steam  direct  from  the  mains,  and  the  exhaust  from 
any  cylinder  can  be  discharged  into  either  or  both  of  the  receiv- 
ers, and  from  thence  to  either  of  the  remaining  cylinders  or  into 
the  atmosphere  or  condenser.  The  receivers  are  placed  between 
the  high  and  intermediate,  and  the  intermediate  and  low 
pressure  cylinders.     All  cylinders  and  both  receivers  are  pro- 

*  Presented  at  the  Detroit  meeting  (June,  189."))  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Transactions. 

f  Mr.  0.  G.  Heilman,  M.E.,  graduate  of  Sibley  College  iu  1891,  junior  mem- 
ber of  the  Society,  was  mortally  wounded  by  the  explosion  of  a  small  cannon, 
July  4.  1894,  at  Williamsport,  Pa.  See  obituary  notice  in  Volume  XVI.  of  the 
Transactions, 
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Fig.  247. 
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vided  witli  steam  jackets,  and  the  cylinder  jackets  are  piped 
in  such  a  way  that  those  on  either  heads  or  barrels  may  be 
used,  as  preferred,  or  both  at  once,  thus  making  possible  any 
use  of  the  jackets.  The  steam  condensed  in  any  jacket  may  be 
measured  separately.  The  condenser  is  a  Wheeler  surface  con- 
denser, and  receives  its  circulating  water  direct  from  the  Univer- 
sity water  mains.  A  Dean  air-pump  clears  the  condenser,  and 
discharges  directly  into  weighing  tanks,  making  the  steam  con- 
sumption easily  obtainable.  The  load  for  the  engine  is  furnished 
by  a  type  of  Prony  brake  ^  (see  Fig.  247),  which,  in  addition  to  the 
usual  method  of  changing  the  friction  of  the  brake,  is  provided 
with  an  encircling  copper  tube  through  which  the  circulating 
discharge  from  the  condenser  is  pumped ;  by  the  manipulation 
of  the  induction  and  discharge  valves  on  the  tubes  the  pressure 
inside,  and  also  the  friction  of  the  brake,  can  be  very  nicely  regu- 
lated. The  water-tube  feature  of  the  brake  serves  also  to  keep 
the  brake-wheel  comparatively  cool. 

The  following  table  gives  the  dimensions  of  the  principal 
parts  of  each  engine,  the  clearance  being  obtained  by  actual 
measurement,  repeated  several  times. 

General  Dimensions  of  Engines. 


Diameter  of  cylinder,  in  inches , 

Lentil  of  Htroke,  in  inches 

Clearance,  per  cent.     \  J?^^^ 

'  I  Crank 

Clearance,  cubic  feet.  \  l^,^^^\ 

( Crank 

Pinion  displacement,  per  stroke,  cubic  feet.  \  p^^\ ' 

Area  piston,  in  square  inches.  -  f^      \1 

Fly  wheels,  diameter,  in  feet 

"        face,  in  inclie.s 

wj'i^jit,  in  pounds , 

braKe  wheel.s,  diameter,  in  feet, 

fHCe,  in  inches 

weight,  in  pounds 

Crank.piD,  diameter,  in  inches 

lencjtli,  in  inches.    

Connecting-rods,  length,  in  feet 


High 

Interme- 

Pressure 

diate 
Pressure 

9 

16 

36 

36 

7.74 

8.97 

7.45 

8.89 

0.103 

0.376 

0.092 

0.367 

1.3291 

4.1887 

1.2379 

4.1204 

63.62 

201.00 

59.42 

197.86 

10 

10 

17 

17 

6934 

6938 

4 

4 

10 

10 

3i 

3i 

3i 

9 

9 

Low- 
pressure 


36 
36 

9.5 

9.2 

0.895 
0.812 
9.4247 
9.3373 
452.89 
448.19 

10 

17 

6935 
4 

10 

3i 
9 


•  Thin  brnke  was  fully  described  in  paper  No.  559  of  the  Transactions  of  the 
AnuHcan  fyjcuty  of  Mechanical  Evgineers,  vol.  xv.,  p.  62. 
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General  Dimensions  of  Enginbs.— Continued. 


Main  bearings,  diameter,  in  inches 

"  length,  in  inches 

Length  of  pulley-block  bearing,  in  inches.  .  .  . 

Steaiu-poit  dimensions,  in  iuche.s 

Exhaust-port  dimensions,  in  inches 

Diameter  of  steam-valve  seats,  in  inches 

"  exhaust-valve  seats,  in  inches  .  . 
Tiiickness  of  steam  space  in  jacket,  in  inches. 
Diameter  of  pi&tou  rod,  in  inches 

*'         '■  steam  inlet,  in  inches 

"         "  exliaust  outlet,  in  inches 

"         '■  crank-pin,  in  inches 


High     I 
Pressure 


ill 
u 


X 
X 


12 
12 


2-A- 
3 
5 
3^ 


Interme- 
diate 
Pressure 

Low 
Pressure 

7 

7 

13 

13 

lOi 

1    X  20 

li  X  2S 

If  X  20 

2i  X  28 

5 

6* 

5 

6* 

6 

6 

5 

8 

3^ 

3i 

All  the  moving  parts  were  weighed  before  they  were  put  in 
place.     The  weights  are  as  follows  : 

Total  weight  of  tly  wheels 20,807  pounds. 

"         "         "  brake  wheels 5,264 

'•         "         "  crank  shaft  and  eccentrics 9,958       " 

Weight  of  high-pressure  piston-rod  and  cross-head 878.}     " 

'*         "'  intermediate-pressure  piston-rod  and  cro.^s-head  503       " 

"         "  low-pressure  piston-rod  and  cross-head 790 

"         "  high-pressure  connecting-rod 281        " 

"         "  intermediate-pressure  connecting-rod 341        " 

"         "  low-pressure  connecting-rod 282       '" 

Time    of  vibration   of   connecting-rods,  suspended    on   knife 
edges : 


HiGU. 

Intermediate 

Low. 

Suspended  by  crank  end 

"        "    head  end 

Mill.    Sec. 
4      44.1 

4      45 

Min. 
4 

4 

Sec. 

571 

4U 

Min.    Sec. 
4      45 

4       441 

Receiver  Dimensions. 


First,  or  High. 

Second,  or  Low. 

Length 

11  feet  7  inches. 
14  inches. 
15 

1^  inch. 
8.2  cubic  feet. 
02.34  square  feet. 

11  feet  7  inches. 

Diameter 

20  inclies. 

Number  of  heating  tubes 

19 

Diameter  of  tubes 

2^  inches. 

Receiver  vol  ume 

15.8  cubic  feet. 

Heating  surface 

119.8  square  feel. 
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The  boiler  for  supplyiug  steam  is  of  the  water-tube  type, 
built  bv  the  Babcock  <fc  Wilcox  Company,  and  is  of  250  liorse- 
pinvor  capacity.     It  was   installed   about  seven  years   ago,  and 


ZQ 


-J- 


o- 


Diagram    of    Reducing    Motion. 
Fig.  248. 


is  designed  fur  a  maximum  working  pressure   of  125  pounds, 
which,  at  present,  is  the  highest  pressure  available. 


Fig.  24*J. 


The  n-diiciiig  Tiiotioii  for  tli(;  engine  was  designed  principally 
l>y  Mr.  Heihjian.  It  is  shown  in  the  accompanying  diagram  (Fig. 
248.  and  picture  (Fig.  219'.     It  consists  of  a  cam,  AB,  pivoted 
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to  the  frame,  and  made  in  such  a  form  that  when  in  contact 
with  a  roller,  R,  projecting  from  the  cross-head,  it  will  give  a 
perfectly  correct  motion  to  a  bar,  CD,  extending  along  the  cyl- 
inder to  which  the  indicators  are  attached.  The  motion  has 
proved  a  very  satisfactory  one,  and  will  be  clearly  understood 
from  the  sketch.  During  a  test  the  indicators  are  left  attached 
to  the  bar,  CD,  at  a,  and  the  drum  motion  is  stopped  or  started 
by  simply  putting  the  lever  in  or  out  of  contact  with  the  pin 
in  the  cross-head.  When  diagrams  are  not  wanted,  the  lever,  AB, 
is  held  out  of  contact  with  the  roller,  R,  by  a  hook,  EB,  which 
supports  the  lever.  This  is  released  automatically  by  turning 
the  cam,  (7,  so  that  the  trigger,  h,  engages  with  the  roller,  R', 
a  device  due  to  Mr.  A.  H.  Eldridge. 

The  diagrams  on  all  the  cylinders  and  for  all  the  tests  were 
taken  simultaneously  by  aid  of  an  electric  magnet,  operated  by 
a  battery  which  acts  so  as  to  draw  the  pencil  into  contact  with 
each  indicator  drum  when  diagrams  are  required.  The  arrange- 
ment adopted  was  designed  by  George  B.  Witherbee  (Cornell, 
1892)  and  O.  G.  Heilman,  as  the  result  of  considerable  experi- 
ment. The  device,  as  connected  to  a  Thompson  Indicator,  is 
shown  in  the  accompanying  figure  (Fig.  250). 

The  jacket  water  in  all  the  tests  was  caught  in  closed  tanks, 
under  pressure  ;  these  were  provided  with  gauge  glasses,  and 
the  weight  was  determined  by  computation  from  the  volume 
and  temperature  while  under  pressure.  The  tanks  are  carefully 
calibrated  and  graduated,  so  that  the  contents  could  be  read  in 
cubic  feet.  The  water  from  each  jacket  runs  freely  to  either  of 
two  tanks,  which  are  so  arranged  that  one  can  be  filled  while 
the  other  is  emptying.  This  system  has  proved  very  satis- 
factory. 

METHOD    OF    TESTING. 

In  all  the  tests  to  be  described,  the  same  general  method  of 
operation  was  followed.  This,  in  general,  consisted  in  operat- 
ing the  engine  for  at  least  two  hours  under  the  load  to  be  car- 
ried during  the  test,  and  until  all  the  conditions  were  perfectly 
uniform,  before  beginning  the  test.  The  actual  length  of  test 
was  in  each  case  rarely  less  than  three  hours,  and  in  some  cases 
was  eight  or  nine  hours,  and  often  the  test  was  repeated.  It  was 
found  that  about  two  hours  were  required,  especially  when  the 
engine  was  being  operated  as  a  triple-expansion,  to  secure  per- 
fectly uniform  conditions,  some  of  the  short  tests  showing  phe- 
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noraenallr  liigli  economy  due  to  the  retention  of  a  portion  of 
the  steam  in  receivers  and  condensers.  Tlie  system  of  piping 
leading  to  the  engine  is  so  arranged  that,  by  opening  or  closing 
valves,  steam  can  be  supplied  to  any  cylinder  at  pleasure,  and 
connections  are  also  made,  of  similar  nature,  to  the  condenser. 
It  was  found,  however,  that  many  of  these  valves  were  likely  to 


Fig.  250. 

leak,  and  all  were  somewhat  under  suspicion,  so  the  rule  was 
adopted  of  actually  disconnecting  all  unnecessary  piping  for 
each  test,  thus  precluding  any  possiV>ility  of  error  due  to  leaky 
valves. 

The  tests  recf)rdod  are,  first,  those  made  by  H.  K.  Spencer ; 
and,  second,  those  made  by  L.  H.  Marks  and  S.  H.  Barraclough. 

These  tests  were,  in  every  case,  of  considerable  length,  and 
made  with  uuusual  care.     In  general,  we  have  not  found  it  pos- 
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sible  to  secure  reliable  results  in  tests  made  by  undergraduate 
students,  and  consequently  none  of  that  kind  are  recorded  in  our 
permanent  records. 

TESTS   MADE   BY   HENRY   K.  SPENCER,  M.E.,  CANDIDATE   FOR   THE 

DEGREE   M.M.E. 

The  general  object  of  the  series  of  tests  made  by  Mr.  Spencer 
was  to  obtain  the  economy  of  the  engine  for  different  ratios  of 


10  20 


40  50  GO 

Fig.  251. 
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expansion  when  working  under  different  conditions,  as  a  simple,, 
compound,  or  triple-expansion  engine.  The  time  at  command 
permitted  the  finishing  of  these  tests  simply  for  constant  and 
uniform  steam  pressures.  In  this  series  there  were  made  seven- 
teen tests  with  the  simple  engine,  the  same  number  with  the 
compound  engine,  and  eighteen  tests  with  the  triple-expansion 
engine. 

The  tests  made  on  the  simple  engine  were  with  steam  press- 
ures as  nearly  as  possible  110  pounds,  by  gauge  at  the  boiler, 


Simple  Corliss  Engine. 
Weight  of  Steam  per  I.H.P.  per  Hour 
Coordinated  with  Number  of  Expansions 


13 


S  9 

Nxunber  of  Expansions 

Fig.  2o2. 

and  22.^  inches  of  vacuum  in  the  condenser,  it  not  being  possible 
to  secure  a  better  vacuum  without  the  use  of  more  condensing 
water  than  could  well  be  spared.  The  engine  was  tested  sim- 
ply under  two  conditions  ;  first,  without  steam  in  the  jackets, 
and  HOfond,  with  tlie  jackets  filled  with  steam  at  boiler  pressure. 
The  first  series  of  tests  were  made  with  different  ratios  of  expan- 
sion, and  are  denoted  in  the  log  as  A„  A„  etc.  The  second  series 
of  tests  are  similarly  denoted  as  B,  B„  etc.  The  full  particu- 
lars and  results  of  the  test  are  given  in  the  accompanying  pages. 
Ihe  accompanying  diagrams.  Figs.  251,  252,  and  253,  show  the 
general  results  of  the  test.  For  the  simple  engine  there  is  con- 
siderable saving  due  to  the  use  of  the  steam-jacket,  except  under 
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one  condition.  The  diagram  showing  the  total  water  consump- 
tion coordinated  with  horse-power  is  interesting,  since  it  shows 
the  form  of  curve  derived  by  Willans,  as  characteristic  of  an  auto- 
matic engine.  This  is  of  interest  when  compared  with  the  re- 
sults obtained  in  operating  the  same  engine  with  a  throttling 
governor  (see  tests,  Marks  and  Barraclough),  described  later  in 
this  article,  in  which  case  the  line  of  total  water  consumption 
on  the  diagram  becomes  perfectly  straight.  The  following 
tables  give  the  average  results  of  the  various  tests  on  the  simple 
engine. 

The  results  of  the  test  are  all  based  on  the  indicated  horse- 
power, and  in  a  number  of  the  tests  the  brake  horse-power  is 
not  recorded. 


SUMMARY   OF  RESULTS. 


TEST   OF   SIMPLE   CORLISS   ENGINE,    CONDENSING. 


Unjacketed. 

Jacketed. 

I.  H.  P. 

No.  of  Ex- 
pansions. 

Weight  of 

Sleam  per 

Hour. 

Steam  per 

I.  H.  P.  per 

Hour. 

I.  H.  P. 

No.  of  Ex- 
pansions. 

Weight  of 

Steam  per 

Hour. 

steam  per 

l.H.P.  per 

Hour. 

9.53 

14.18 

454i 

47.54 

8.98 

14.18 

309.6 

35.95 

19.05 

11.97 

6T2i 

32.90 

19.85 

12.45 

518.25 

26.16 

30.34 

8.61 

783i 

25.82 

80.26 

8.97 

719.5 

23.77 

39.88 

5.79 

9931 

24.91 

40.19 

6.26 

594.25 

23.74 

52.41 

3.88 

122.9 

23.45 

*46.37 

5.04 

1064.66 

22.96 

*o9.62 

3.47 

142.5 

23.90 

50.24 

4.43 

1152.50 

22.94 

62.49 

2.97 

154.5 

24.71 

62.39 

3.07 

1574.25 

25.26 

73.07 

2.28 

187.3 

25.54 

71.88 

2.31 

1823.75 

25.37 

*  Duration  of  test,  9  Lours. 
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Loo  OF 

Test 

Unjacketed. 

i 

Gauob  Readings. 

Temperatures. 

Pounds. 

Inches  Hg. 

1 

>J 

Calorime- 

k 

CD 

a 

< 

a 

o 
o 

41 

-d 

1 

OS 

ter. 

Date. 

V 

h 

u 

o 

P. 

V 

0) 

Is 

Ph 

OJ 

a 

h 

^^■ 

a 
>> 

CO 

3 

s 

o 

s 

a 

'fcO 

'i2 
o 

2 

^  a 

> 

o 

O 

< 

s:3 
o 

t— 1 

s 

^(^ 

March  15.... 

A, 

83.75 

98.7 

95.8 

23.5 

29.234 

31.1 

79.1 

115.5 

36 

87.1 

278.3 

0.7 

A 

84.48 

100.4 

96.3 

23.9 

29.234 

33 

76,6 

110.9 

36.5 

82.9 

278 

.72 

A 

85.40 

101.3 

97.1 

23.9 

29.234 

32 

81.3 

106.3 

37 

80.4 

278.6 

.72 

A 

86.27 

99.7 

97.1 

24A 

29.234 

31 

77 

98.2 

37 

75.8 

277.4 

.75 

A 

86.98 

100.4 

97.3 

24.7 

29.234 

31.6 

77 

92.5 

36 

76.2 

278.1 

.74 

a; 

87.5 

102.7 

100.8 

24.7 

29.234 

44 

82.1 

115.2 

36.5 

109 

276.3 

.87 

At 

81.97 

99.4 

97.4 

24.7 

29.234 

44 

78.3 

88 

37 

92.1 

276.4 

.78 

January  y... 

A, 

86.05 

100.6 

23.2 

29.305 

29 

83.3 

119.3 

36 

99 

273 

Jacketed. 


rchl7.... 

B, 

83.63 

99.7 

95.7 

24.2 

29.297 

36.6 

79.9 

115.1 

37 

84.4 

277.3 

bJ 

84.46 

100.1 

96.7 

24.7 

29.297 

37 

82.7 

106 

37 

74.6 

278.1 

B, 

85.38 

98.7 

97.7 

24.8 

29.297 

37 

87 

100.2 

37.6 

75.1 

278.1 

B4 

86.25 

101.7 

98.9 

24.9 

29.297 

49 

90.1 

99 

38.5 

79.3 

278.7 

"     18... 

B 

86.97 

100.3 

96.9 

24.8 

29.278 

49 

90.1 

91.4 

39 

80.9 

278.4 

B 

87.68 

105.3 

102.4 

24.8 

29.278 

70 

87.1 

79.8 

41 

78.4 

279.8 

"     19.... 

B, 

88.2 

101.9 

99.3 

24.7 

29.283 

70 

86.6 

84 

42 

85.3 

279 

"     20.... 

B« 

85.92 

102.1 

99.3 

24.2 

42 

81.9 

115.8 

44.4 

98.8 

276.2 

.74 
.73 
.75 
.75 
.72 
.75 
.75 


Unjacketed. 


Stmbol 


A, 

i: 

A« 
A, 
A. 
A, 
A. 


WEKiHTM    PEKi 
IloUR. 


•2  . 

s  a 


1873 

1646^ 

1229 

9931 

7R3i 

027} 

4Mi 
1425.08 


'Z  o 


55a 

489 
406 
377 
3(J0 
147 
135 


Head. 


78.57   37.87 
65.99    32.22 


54.21 
39.75 
28.75 
16.74 
9.4IJ 
59.58 


26.78 
19.77 
14.48 
84.5 
4.85 
29.66 


Crank. 


77.45 
66.43 
55.25 
43.2?' 
33.74 
22.47 
11.62 
64.81 


35.20 
30.27 
25.63 
20.11 
15.86 
10.61 
4.68 
30.12 


Brake. 


73.07 
62.49 
52.41 
39.88 
30.34 
19.05 
9.53 
59.62 


682 
582 
482 
352 
282 
182 
72 


W 


70.7 
60.2 
50.0 
37.2 
27.6 
16.5 
7.5 


25.63 

24.71 
23.45 
24.91 
25.82 
32.90 
47.54 
23.90 


"5  >> 


.c  " 


96 

95 

93. 

91 

87 

78 


^.2 

QJT- 

K  c 


2.3 
2.3 
2.4 
2.7 

2.7 
2.5 
2.0 


Jacketed. 


B| 

!!■ 

I'.. 

b! 


2B0 


64.75  5.V) 
U3 

;i8 
•►;  .  ,-^4i 
e5.ryji92 
er).6  ,  y.i 

82.83  272.88 


75..51I 
M.46 
.51.611 
40.63 
*J..55 
19.22 
8.25 


36.. 56 
31.49 
25.49 
20.29 
15.37 
9.74 
4.21 


48.811  24.00 


78.21 

67.74! 

53.72! 

42.68 

31.73 

22.03 

10.02 

47.841 


.35.33 
30.90 
24.77 
19.89 
14. fK) 
10.43 
4.78 
22.42 


71.88 
62.39 
50.24 
4f).19 
30.26 
19. a5 
8.98 
46.37 


25.37 
25.26 
22.94 
23.74 
23.77 
26.16 
8.').95 


22.96 
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CD 

o 

o 

OQ 

<0 

t» 

c-p 

^-^ 

Cm 

xiZj 

CJZJ 

S 

e3 

3 

o 

V 

o 

^ 

K 

39.6 

2.98 

98.5 

28.6 

2.97 

98.5 

19.5 

3.88 

98.5 

10.0 

5.79 

98.5 

4.9 

8.61 

98.5 

1.4 

11.97 

98.5 

0.25 

(1.08) 

14.18 

98.5 

23.4 

3.47 

98.5 

Absolute 
Pressure. 


104.1 
101.2 
103.1 
104.6 
101.8 
98.0 
69.6 
(40.6) 
105.4 


48.3 
37.7 
29.6 
21.6 
17.5 
13.4 

10.2 

34.0 


6.4 


Weight  of   Steam 
Steam  per  I  Consump- 
I.  H.  P.  per|  tion  per 
Hour  by  Hour  per 
Diagram.  1  I.  H.  P. 


53  O 

4)     ' 

o 


19.23 
16.82 
15.00 
13.44 
11.14 
11.36 
10.55 
(6.45) 
15.70 


b  as 


^ 


20.55  25.77  25.63 
18.17  24.88  24.71 
17.50  23.61  23.45 
15.40  25.08,24.91 
15.21  26.00125.82 
14.78:33.13  32.90 


26.2 
17.0 


47.87 
24.14 


B 

.  « 


K 


117 
117 
117 
11? 
11? 
11? 


47.54  117 
23.90  117 


7.9 

7.8 
8.0 
8.0 
'8.0 
8.8 

'8.1 

8.0 


OS.Q 


« 


0.373 
.305 
.241 
.132 
.151 
,120 

.092 

.28 


K 


B,  .. 

39.0 

2.31 

97.7 

105.4 

47.7 

5.7 

19.69 

20.95 

25.56 

25.37 

1178.2 

1 
64.75  .3504 

0.0129 

Bo.. 

27.5 

3.07 

97.7 

105.4 

36.5 

5.7 

16.72 

18.95 

25.45 

2.5.26 

1178.3 

58.50 

.2991 

.0115 

B,  .. 

16.7 

4.43 

97.7 

104.1 

27.5 

5.7 

14.07 

17.38 

23.12 

22.94 

1178.4 

60.50 

.2132 

.0118 

i?;: 

9.6 

6.26 

97.7 

105.9 

20.4 

5.7 

12.41 

15.72 

23.92 

23.74 

1178.5 

60 

.1727 

.0115 

4.4 

8.97 

97.7 

105.3 

16.3 

5.7 

11.00 

16.12 

23.96 

23.77 

1178.4 

63.75 

.1255 

.0122 

B,  .. 

1.05 

12.45 

97.7 

103.5 

12.4 

5.7 

11.18 

20.08 

23.35 

23.16 

1179.4 

65.50 

.08624 

.0125 

B,  .. 

14.18 

97.7 

75.4 

7.3 

5.7 

14.69 

30.05 

36.14 

a5.95 

1178.4 

60.6 

.04889 

.0114 

B8.. 

13.75 

5.04 

97.7 

106.2 

24 

5.4 

13.40 

16.71 

22.15 

22.96 

1178.8 

62.33  .1942 

.0121 

Heat 
Sup- 
plied 

PER  Rev. 

B.  T.  U. 

'¥. 

CO  u 

pa 
.* 

Heat 
Equiva- 
lent OP 

Work. 

Hkat  Discharged  per 
Rev.  B.  T.  U. 

ABOVE  32°. 

Percent- 
age 
Accounted 

FOR  BY 

Diagram. 

Cylinder 

Conden- 
sation 

CUT-OFP. 

o 
d 

6 

c 

438 

356 

281 

225 

176.2 

141.5 

108.5 

3-27 

CQ  p, 

11 

"3      °' 
<u  -  y 

31.0 
27.0 
18.0 
12.7 
9.1-J 
9.95 
5.15 
24.5 

t4 

"3 
o 
E^ 

418.1 
314.8 
256.2 
209.3 
166.9 
128.7 
102.6 

o 

6 

0) 
en 

CS 

A,.. 

V" 
a" 
T' 

A    ■■ 

Ai 

0 
0 
0 
0 
0 
0 
0 
0 

498 
484 
458 
488 
505 
641 
888 
467 

37.1 
31.4 
26.2 
19.6 
14.8 
9.22 
4.9 
29.8 

8.47 
8.82 
9.31 
8.77 
8.42 
6.60 
4.50 
9.12 

a50 

279 
212 
177 
143 
109.5 
93.6 

19.9 
41.2 
24.8 
15.7 

9.3 
12.8 

5.9 

75.0 
67.7 
63.5 
53.6 
41.4 
34.5 
21.6 
65.0 

80.5 
74.0 
74.0 
61.6 
58.5 
44.7 
53.6 
70.5 

25.0 
32.3 
36.5 
46.4 
58.1 
65.5 
78.4 
:i5.0 

0.094 
.102 
.0875 
.088 
.087 
.0782 
.0568 
098 

Total. 

B,  .. 

412.8 

14.1 

491 

36.4 

7.41 

323 

29.1 

3.9 

392.4 

34.5 

78.5 

82.5 

21.5 

0.0737 

bJ.. 

352.3 

13.5 

493 

31.3 

6.33 

258 

22.1 

3.5 

314.9 

50.4 

66.4 

75.0 

3:3.6 

.1000 

b,.. 

251.2 

13.9 

447 

25.0 

5.58 

202 

14.5 

3.6 

245.1 

20.0 

61.3 

76.0 

38.7 

.0825 

B    . 

203.5 

13.6 

442 

19.7 

4.45 

155 

11.5 

3.5 

189.7 

27.4 

52.4 

66.4 

47.6 

.0821 

b;.. 

147.8 

14.4 

466 

14.7 

3.26 

120.5 

7.5 

3.7 

146.4 

15.6 

47.0 

84.2 

53.0 

.0665 

B«.. 

101.6 

14.7 

511 

9.6 

1.87 

85.1 

4.1 

3.8 

102.6 

13.7 

48.2 

89.7 

51.7 

.0448 

B    .. 

57.6 

13.4 

693 

4.3 

0.62 

50.5 

2.5 

3.5 

60.8 

10.2 

41.0 

83.0 

59.0 

.0289 

B,. 

■228.8 

14.3 

448 

22.9 

5.11 

179.2 

16.2 

3.7 

222 

21.0 

58.5 

72.7 

41.5 

.0809 

♦These  quantities    should  no  doubt  be  reckoned    from  temperature  of  feed-water,  in   which 
case  Ihey  would  be  about  100°  less,  but  for  convenience  they  are  taken  in  this  test  from  32°  Fahr. 


926        TESTS  ON  EXPERIMENTAL  ENGINE   OF   SIBLEY   COLLEGE, 


t 


30        40        50         60         70 

Pig.  253. 


90        100 


:lf!^!Ih'!!!!y:;!HI=k 


4HTffllfH4i{|-ffHilflHHTT? 

-It:  TtrttlixL  nl'T"' till  ttTrt 


Compound  Coudciiaing  Jacketed 

High  Pressure  and  Reclever. 

Card-5-  Head  End 

Most  Economical  Load 

Test  of  April  20  '94 

xVverat,^'  T.ir.T.  CT.Tl 
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COMPOUND    ENGINE   TESTS. 

Tests  on  the  compound  engine  were  made  in  a  similar  man- 
ner, under  two  sets  of  conditions  :  the  first  being  without  the 
use  of  jackets  ;  the  second,  with  the  high-pressure  cylinder  and 
first  receiver  jackets  in  use.^'  The  first  series  of  tests  with 
jackets  empty  are  denoted  by  Cj,  Co,  etc.  The  second  series  of 
tests,  in  which  the  jackets  on  the  high-pressure  cylinder  and 
on  the  first  receiver  were  in  use,  are  denoted  by  D^,  Do,  etcf 
Eegarding  the  general  economy  of  the  compound  engine  it  will 
be  noticed  that  except  for  very  low  loads  the  unjacketed  engine 
gave,  in  the  tests  made  by  Mr.  Spencer,  rather  better  results 
than  those  with  the  jacket.  In  the  tests  by  Mr.  Spencer  the 
steam  pressure  was  maintained  as  nearly  as  possible  at  110 
pounds,  by  gauge,  at  the  boilers,  the  vacuum  at  the  condenser 
at  22  inches.  In  the  later  tests,  series  G  and  H,  the  steam  press- 
ure was  about  10  pounds  lower,  but  the  general  results  remain 
the  same.  The  difference,  in  any  case,  in  the  economy  of  the 
compound  engine,  whether  jacketed  or  unjacketed,  is  very  slight. 
In  this  series  of  tests  the  engine  was  not  operated  with  low- 
pressure  jackets  in  use,  but  from  some  preliminary  trials  it  would 
seem  that  equally  good  or  better  results  will  be  obtained  when 
high-pressure  steam  is  used  in  that  steam  jacket  (see  tests  Gi, 
G2,  etc.).  The  best  results  in  any  tests  yet  made  seem  to  have 
been  obtained  with  the  use  of  the  jackets,  but  in  no  case  has  this 
difference  amounted  to  5  per  cent,  (see  test  G5).  Slight  changes 
in  steam  pressure  or  in  the  vacuum  seem  to  make  more  differ- 
ence upon  results  than  changes  in  the  condition  with  respect  to 
jacketing. 

*  It  should  be  remembered  that  in  engines  of  this  class  the  steam-chest  is  a 
somewhat  effective  form  of  jacket,  and  cannot  be  dispensed  with  in  any  method 
of  trial. 

t  A  few  tests  are  included  in  this  report,  made  with  the  steam-jackets  all  in 
use,  under  the  immediate  supervision  of  Mr.  A.  H.  Eldridge,  member  of  the 
Society.  These  latter  tests  are  marked  Gi,  G2,  etc.,  and  do  not  cover  as  wide  a 
range  of  expansion  as  those  made  by  Mr.  Spencer. 
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SUMMARY    OF    TESTS. 
COMPOUND  ENGINE. 


Unjacketed. 

High  Pre 

SSURE    AND 

Receiver  Jacketed. 

No.    of 

Total 

steam 

No.  of 

Total 

steam 

I.  n.  p. 

Expan- 

Steam per 

per 

I.  H.  P. 

Expan- 

steam per 

per 

sions. 

Hour. 

I.  H.  P. 

sions. 

Hour. 

I.  H.  P. 

11.43 

46.40 

407 

35.61 

15.86 

46.4 

413.5 

26.01 

24.56 

89.62 

560.5 

22.82 

20.51 

48.06 

447.4 

2-2.36 

33.65 

2(5.53 

643.5 

19.12 

23.22 

41.44 

498.4 

21.47 

57.73 

1624 

949.25 

16.41 

35.57 

32.04 

712.3 

20.02 

66.47 

12.23 

1098.5 

16.52 

58.24 

17.19 

1069  5 

18.36 

78.72 

10.15 

1305.5 

16.50 

67.74 

15.45 

1221.2 

18.03 

97.33 

7.79 

1699.5 

17.46 

77.44 

11.40 

1418.1 

18.31 

99.75 

7.66 

1843.1 

18.48 

TEST  OF  COMPOUND  CONDENSING  ENGINE. 
Log  of  Test.  Unjacketed. 


Date. 


April  11-18. 


Feb.     16. 


Rev. 

C 

S 

cS 

u 

•o 

a 

M 

"S 

a 

^ 

>> 

o. 

CO 

CO 

c, 

83.73 

c. 

84.. 57 

c, 

85.58 

c« 

Hl.fio 

c» 

87.:^^ 

c. 

H8.2 

c 

85.13 

Gauge  Readings. 


Pounds. 


109.4 
lot*. 3 
108.6 
110.0 
111.5 
117  9 
101.7 


lOG 
106 
105.3 
107. G 
108.5 
113.7 
98.1 


K 


13.7 

8 

2.1 
-91 
-4 
-4 

5.2 


Inches  Hg. 


21.7  129.321 
21.53  29.321 


22 

21.5 

22.5 

22 

21.5 


[29.321 

129.321 

29.321 

29.33 

29.31 


Temperatures. 

Wts. 

a 

C 

Calo- 

S CS    . 

b<' 

a 

o 

32 

S3 

C 

03 

rime- 
ter. 

Stea 
et  W 
iided 

< 

73 

^n 

p. 

"So" 

^  «8  C 

ci 

e 

0) 

0) 

c    ■ 

o 

o3 

Ph 

g«HH 

c 

c 

00 

B 

83 

>4 

c 

o 

<D 

o—  «- 

H 

M 

O 

t-c 

84.7 

C» 

oSS 

37 

77.5 

121.5 

36.3 

280.9 

1699i 

36 

77 

107.7 

37 

73.7 

281 

1305i 

37 

75.3 

100.1 

36.5 

72.4 

281 

949i 

41 

74.3 

93 

41.5 

81.2 

293 

643f 

44 

77.5 

89.1 

42.8 

76.4 

294 

5()0i 

55 

85 

81.9 

.50.9 

75.3 

294 

407 

99 

72.7 

118.2 

»4.3 

85.8 

268.4 

1098i 

O     . 

HI   U 

O)  P< 


510 
527 
397 
245 
233 
2.53 
628 


High-Fkk8sdr?:  Cylinder  and  First   Receiver  Jacketed.' 


April  13.... 

I),     84.4     109.9 

106.9    14.5 

22.6 

29.354 

48.6 

70.9 

116.4 

44 

83.7 

291.4 

1639i 

619 

" 

D,     85.48    108.9 

106.3 

8.1 

22.7 

29.3.54 

49.1 

70.9 

103.9 

44.6 

73.3 

291.3 

1214i 

6Ui) 

••     18.... 

D,     Hf\.()      11.5.4 

112.7 

2.4 

21.5 

29.. 346 

(58.3 

78 

102.1 

54 

83.1 

283.9 

915} 

459 

•  .     «• 

T).      '•^    1.-.    114.9 

112.1 

-1.1 

21.8 

2*>.:i46 

69 

77.1 

88.9 

.53 

75.7 

284 

575 

364 

••      !'• 

'    116 

114.3 

4.5 

23.8 

29.325 

76.7 

89.3 

76.9 

50.6 

63 

2»1.6 

368 

443 

•*            '  ' 

;    115.4 

112.4 

5.5 

2;i.5 

29.325 

78.7 

86.7 

81.4 

51.7 

79.3 

281.7 

336 

204 

1),      "7.97    116.4 

113.4 

6.75 

23.3 

29.325 

78.3 

90.3 

82.3 

.53.3 

86 

282.6 

287 

140 

"     ».... 

D,     85.52    117.5 

114.5 

4.7 

22.7 

2ii.35 

75.1 

92 

107.1 

.54.4 

83.2 

282.3 

1030i 

542 
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Unjacketed. 


HiG 

h-Press.  C 

TLINDER. 

Low-Pri 

ss.  Cylinder. 

^ 

>> 

* 

S 

S3 

o 

s 

j-i 

(D 

c 

o 

s 

Head. 

1 

Crank. 

Head. 

Crank. 

1 

o 
Eh 

X! 
O 

'S 

M     1     PL, 

P^ 

Ph 

Ou, 

0.' 

cu 

Oi 

P. 

OJ 

Cul 

l-i 

a%. 

CU, 

< 

6  '> 

a 

w 

W 

^ 

1-5 
28.32 

58.61 

(—5 
26.51 

54.74 

5^ 

w 

1— 1 
I— J 

20.88 

42.50 

"3 

1     "^ 

i 

91.11 

83 
O 

93.7 

a 

V 

17  46 

o 
d 

Ci     58.48 

14.12 

21.62 

14.01 

97..S3 

0.75 

886 

7  79 

Ca    51.89 

•^.36 

53.17 

24.27 

49.64 

9.55 

14.77 

9.45 

14.31 

29.08 

78.72 

0.75 

686 

71  81 

6  9 

91.21 

16.58 

10  15 

?,' 

sy.'.y 

19.69 

40.98 

18.95 

38.65 

6.25 

9.78 

6.07 

9.29 

19.08 

.57.73 

0.7 

486 

51.58 

6  9 

89.17 

16.41 

16  24 

^,* 

19.81 

9.V6 

24.33 

11.47 

21.41 

3.87 

6.13 

4.05 

6.28 

12.41 

ao.fio 

0.2 

280 

29  4 

6  ?» 

82.5 

19  12 

26  53 

^,^ 

14.62 

^.39 

19.8; 

9.37 

16.59 

2.52 

4.02 

2.53 

3.95 

7.97 

24..56 

0.0 

186 

19.10 

5  4 

78 

22  82 

39  62 

.S« 

a.5i6 

J. 66 

4.16 

1.98 

3.64 

2.47 

3.98 

2.41 

3.81 

7.79 

11.43 

0.0 

57 

6.22 

59 

54.44 

35  61 

46  40 

<-'7 

43.06 

21.74 

40.87 

18.69 

40.53 

8.35 

13.01 

8.45 

12.92 

25.93 

66.47 

1.2 

582 

6.03 

6.2 

91.2 

16.52 

12.23 

D5 


Jacketed,  Except  Low-Pressure  Cylinder. 


.56.02  27.24  58.92  26.86.54.20  14.92  23.0214.91  22.69  45..54  99.75 


44.46  21.98  48.07  22.24  44.22 
40.42  20.11  37.98  17.60  36.04 
23.98  12.0922.91  10.78  22.88 


13.91 

12.34 

9.54 


7.05  15.04 
6.26  13.94 
5.20  12.06 


7.13114.18 
6.62112.88 
5.73|10.93 


10.77116.8:3 
6.61  10.56 
4.04  6.43 
2.85    4..58 


41.77|20.61|42.52i20.83  41.41 


2.32 
1.75 
8.61 


3.73 

2.81 

13.48 


10.73 
6.59 
3.87 
2.83 
2.15 
1.56 
8.32 


16.38  33.21  77.44 
10.14  20.53  .58.24 
6.04  12.64  35.57 
4.46  9.04  25.22 
3.39  7.13  20.01 
2.461  5.29  16.22 
12.74|26.22|67.74 


0.3 

0.3 

0.75 

0.75 

1.3 

0.8 

0.9 

0.9 


900 
686 
486 
280 
186 
136 
87 
586 


93.0 
71.0 
51.7 
29.3 
20.2 
14.8 
10.0 


6.7  92.9 

6.4  92.0 

6.5  89.2 
16.3  82.5 
5.0!80.00  21.46 
5.273.9    22.36 
6.2  61.7  126.01 


18.48 
18.18 
18.36 
20.02 


61.02  6.7  90.0    18.03 


7.66 
11.40 
17.19 
32.04 
41.44 
43.06 
46.40 
15.45 


Including  Jacket  Steam. 


20         25         30         35 
Number  of  Expansions 


AM. BK. NOTE  CO.N.Y. 


Fig.  855. 
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COMPOrND   COXDENSINCt    engine.— weights   of  jacket    STEAM. 
High  Pressure  and  First  Receiver  Jacketed. 


Symbol 

Jackkt  Steam  per  Hour.    Lbs. 

Total  Steam 
per  Hour, 
Including 

Jacket  Steam 

Lbs. 

Jacket  Steam,  per  cent. 
OF  Total. 

OF 

Test. 

High 
Pressure. 

First 
Receiver. 

Total. 

High 
Pressure. 

First 
Receiver. 

Total. 

D, 

D. 

D, 

D* 

D. 

1). 

Dt 

Ds 

67.57 

63.28 

59.32 

63.71 

70.33 

71.3 

70.82 

61.59 

136.08 
141.37 
94.43 
74.58 
00.03 
60.03 
54.75 
129.38 

203.65 
203.55 
153.75 
137.29 
130.36 
131.33 
125.47 
190.97 

1843.1 

1418.1 

1069.5 

712.3 

498.4 

447.4 

412.5 

1221.2 

3.7 

4.4 

5.5 

8.8 

14.1 

15.8 

17.2 

5.0 

7.4 
9.9 
8.8 
10.5 
13.0 
13.4 
13.3 
10.6 

11.1 
14.3 
14.3 
19.3 
26.1 
29.3 
30.5 
15.6 

Cylinders  not  Jacketed. 
Measurements  from  Diagrams. 


Steam  per 

Per 

cent. 

Q  . 

Initial 
Condensa- 

o 

Absolute 

8a 

LH 

.  P., 

of  Steam, 

w 

S   CO 

oj  a 

Pressure. 

96 

from 

DlA- 

BV  Dia- 

^ 

tion. 

CO  a 

GRAM. 

gram. 

a> 

>H 

1 

99 

^  « 

a 

ft 

o 

o 

°§ 

2  ^ 

Si 

IP 

li 

i 

s 
tfj 
m    • 

ted 

•S.2 
c  a 
'teg, 

a 

a 

tTa 
W.2 

a 

tea' 

c  c 

11 

.a  a 

too. 
/S<  *^ 

a 

c 

n 

•so 

Weight  per 

Revolution. 

Lbs. 

|i 

<u  o 

03  ft 

•M 

.l-H 

pa  ^ 
ft 

c,... 

115.2 

12 

5.5 

30.7 

13.76 

14.0 

78.0 

80.5 

7.79 

0.339 

0.0745 

22.0 

343 

(•,... 

113.7 

9.6 

5.4 

87.1 

12.41 

12.7 

74.7 

76.5 

10.15 

0.257 

0.0651 

25.3 

326 

c,... 

112 

7.8 

5.2 

44.1 

10.11 

14.8 

61.5 

90.5 

16.24 

0.185 

0.0711 

38.5 

322 

c„.. 

112 

6.4 

5.4 

4.8 

9.70 

16.6 

50.5 

86.0 

26.53 

0.131 

0.06.50 

49.5 

377 

c,... 

109.7 

5.8 

4.8 

1.3 

8.7!) 

22.6 

38.6 

98.0 

39.62 

0.107 

0.0656 

61.4 

450 

cy.. 

93.3 

5.0 

5.0 

7.43 

;i3.4 

20.8 

94.0 

46.40 

.077 

0.0.535 

69.2 

702 

c,... 

108 

9.6 

5.1 

21.2 

11.92 

15.2 

72.2 

91.5 

12.23 

0.214 

0.0592 

27.7 

325 

Hion  Pkessure  and  First  Receiver  Jacketed. 


D,... 

114.2'  IJ.l 

4.9 

88.4 

13.58 

14,5 

72.7 

78.5 

7.60 

0.304 

0.0.59 

16.2 

364 

p,... 

112.2     9.r> 

4.8 

33.0 

12.61 

13.1 

69.5 

72 

11.40 

0.274 

0.044 

16.2 

356 

I,. 

117. •?      7.6 

4.9 

12.9 

11.18 

14.2 

m.9 

77.2 

17.19 

0.138 

0.0.34 

24.8 

362 

I>. 

5.9 

5.2 

3.4 

9.80 

16.6 

48.6 

83.0 

32.04 

0.0967 

0.032 

33.1 

394 

I>i 

4.8 

4.4 

0.9 

9.17 

23.2 

42.6 

108 

41.44 

0.095 

0.030 

31.3 

422 

D... 

.  ..;    4.6 

4.4 

05.9 

9.92 

24.4 

43.4 

109 

43.06 

0.083 

0.025 

27.8 

440 

D;    .. 

100..'.     4.2 

4.3 

10.8-.: 

28.0 

41.5 

108 

46.4 

0.0783 

0.022 

28.0 

482 

D,  .. 

iao.6    8.3 

4.7 

15.2 

12.34 

13.9 

68.5 

77.1 

15.45 

0.237 

0.042 

17.9 

354 

•Thin  miAQtIty   i«  computed  for  convcnicmce  above  .32°  Fahr.      The    feed-water  tempcratnre 
could  not  b«  exactly  obtained,  and  it  was  conHidered  best  to  make  no  arbitrary  allowance  for  it. 
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TRIPLE-EXPANSION  ENGINE. 

Tests  on  the  triple-expansion  engine  are  denoted  by  Ej,  E2, 
etc..  and  by  Fi,  F.2,  etc.  In  this  case  tests  were  made  with  the 
engine  unjacketed  entirely,  and  also  wilh  the  steam  in  all  the 
jackets  excepting  that  of  the  low-pressure  cylinder.  A  few 
tests  were  made  with  the  low-pressure  engine  jacketed,  of  which 
the  results  of  only  one  test  are  given  here,  but  for  this  condition 
sufficient  data  has  not  been  obtained  to  determine  whether  or 
not  there  will  be  a  saving  due  to  its  use. 

The  results  of  these  various  tests  are  shown  in  the  accom- 
panying tables  and  diagrams. 


SUMMARY    or    TESTS. 


TRIPLE-EXPANSION   ENGINE. 


Unjacketed. 

Jacketed. 

"o 

No.  of 

Total 

Steam 

No.  of 

Total 

Steam 

a 

I.  H.  P. 

Expan- 

Steam per 

per 

I.  H.  P. 

Expan- 

Steam per 

P,^^^ 

sions. 

Hour. 

I.  H.  P. 

! 

sions. 

Hour. 

I.  H.  P. 

22.74 

92.08 

625.7 

27.52 

Et 

26.21 

96.74 

631.7 

24.10 

F, 

35.54 

62.08 

853.7 

24.08 

Efi 

33.93 

88.05 

714.2 

21.05 

F« 

46.06 

58.38 

917.7 

19.92 

E.   ' 

45.56 

69.04 

806.5 

17.70 

F5 

()6.10 

86.56 

1191.5 

18.08 

E4 

68.32 

48.53 

1065.4 

16.82 

F4 

88.57 

23.27 

1356.7 

15.82 

E3 

89.79 

29.43 

1337 

14.89 

F3 

107.78 

17.44 

1673.7 

15.44 

E, 

112.65 

21.93 

1540.6 

13.68 

F2 

119.29 

17.00 

1805.4 

15.14 

Es 

126.54 

19.  OG 

1791.9 

14.16 

Fs 

140.21 

13.30 

2213.2 

15.78 

El 

141.40 

15.82 

2173.9 

15.87 

Fi 

The  best  results  from  the  series  of  tests  obtained  by  Mr.  Spen- 
cer was  13.68  pounds  for  the  triple-expansion  engine,  with  high 
pressure  and  intermediate  pressure  and  both  receivers  jacketed, 
with  119  pounds  pressure  at  the  boiler  and  243  inches  of  vac- 
uum. With  a  little  higher  pressure,  125  pounds  by  gauge,  and 
practically  the  same  vacuum  under  about  the  same  conditions, 
the  engine  has  given  the  steam  consumption  of  13.3  pounds  per 
I.  H.  P.  per  hour.  It  seems,  however,  quite  probable  that  this 
latter  number  will  be  sensibly  reduced  by  other  combinations  of 
jacketing. 
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Loo  OP  Tkst. 


TRIPLE-EXPANSION   ENGINE. 

Unjacketed. 

Average  Log  of  Trials. 


Rkv. 

Gauge  Readings. 

1 

Temperatures. 

Wts. 

a 

Pounds. 

• 

Inches  Hg. 

k. 

fi 

tZ 

«-.' 

Calori- 

o 

g 

s 

B 

i 

< 

s 

S 
o 

& 

0) 

c3 

a) 
to 

(3 

meter. 

C3 
0) 

c 

ojk: 

si 

> 

> 

'53 
o 

0) 

It 

a 

o 

'^c 

Date. 

<i5 

a, 

o  o 

■-si 

5-^ 

•o 

o 

S 

« 

-a 

-a 

X 

be 

c 

-C3 

0) 

JS 
o 

a 

03 

m 
282.9 

4S 

n 

CQ 

pa 

53 

to 
118.9 

c 
o 
o 

V 

02 

s 
o 
O 

21.7 

C3 

cq 
29.23 

H 
40.4 

O 

o 

hH 

s 

c 
o 
o 

Mar.  2 

El- 

82.98 

121,9 

47.2 

1.6 

88.1 

115.6 

54.4 

82.4 

2213i 

494 

Apr.27 

Ea  .  83.68 

117.4 

114.6 

23.4 

-1.6 

22.7 

•29.23 

76 

87 

120.9 

53 

94  .<J 

287 

1673f 

547 

F.3 

84.67 

117,9 

114.7 

15.1 

-3.8 

22.4 

29.382 

76 

88.9 

110.7 

54.7 

87.3 

287.4 

13561 

570 

Jane  1 

K 

S.T.95 

119.7 

117.1 

12.6 

—5.2 

22.7 

29.387 

54 

84.1 

117.1 

53 

97.6 

285.1 

1191i 

435 

.t 

F. 

86.115 

120  3 

118 

2  4 

-6.8 

22.7 

29.287156.4 

84.1 

109.9 

53 

95.3 

286.1 

917f 

293 

.» 

K 

86  8 

120,4 

117.7 

iV 

-7^ 

22.6 

29.287 

57.9 

85.3 

106.6 

53 

95.6 

286.7 

853f 

246 

.» 

K 

88,2 

121 

118 

-u 

—8.4 

22.7 

29.287 

56.3 

85.1 

98.3 

53 

88.7 

286.6 

625J 

217 

Mar.lO 

E   . 

83.45 

122 

117.5 

36.4 

-1.6 

23.7 

29.256 

88.1 

114.4 

38.3 

81.1 

286.7 
1 

1805.41 

581 

Jacketed, 

Except 

Low  Pressure. 

Apr.30 

F,  .  83.77  119.3 

116.3 

37.7 

2| 

24.2 

29.318  78 

95.6 

113.4 

54 

88.1 

287.6 

1809} 

835 

Fj.  8». 05  119.1 

116.1 

25.3 

-1.7 

24.3 

29.318  84 

98.6 

106.1 

55 

82.4 

287.3 

1205i 

704 

•  • 

F,  .  85.45  117.1 

114.1 

20.1 

-2.9 

23.3 

29.318185 

100 

104.9 

56.6 

83.6 

286.4 

lOlOJ 

601 

May  1. 

F4.  86.17  118.4 

115.4 

10.8 

-5.6 

24.1 

29.324586 

99 

97.7 

57 

78 

240.3 

767 

635 

Fs.87        117.9 

114.7 

5.3 

-6.3 

22.9 

29.324 

89 

103.4 

99 

59.3 

85.3 

290.6 

554i 

332 

tt 

F«  .  87.48  118 

115 

3.1 

-7 

22.1 

29.324 

91 

105 

100.9 

60.9 

87 

290.9 

472 

305 

tt 

F7.  87.97  117.1 

114,1 

8.6 

-n 

21.6 

29.234 

90 

104.9 

107.6 

62.1 

104 

290 

399i 

209 

It 

F„.  84.41  117.2 

114.2 

32.5 

.89 

24.1 

29.301 

67.2 

94.6 

106.6 

59 

84.6 

287.8 

1438i 

891 

Unjacketed. 


High-Pbessurb  Cyl- 

Intermediate-Pressure 

Low-Pressure  Cyl- 

inder. 

Cylinder. 

inder. 

Ph 

5 

Head. 

Crank. 

"3 

Head. 

Crank. 

'^ 

Head. 

Crank. 

"5 

td 

1 

0 

M 

E-t 

^ 

H 

'5 

0. 

Pk 

Oh 

PU 

CU 

(V, 

cC 

P- 

Ph 

pH 

Oh 

Ph 

&H 

Oh 

P^ 

0 

H 

n 

» 

n 

td 

^ 

w 

W 

H 

m 

^ 

W 

W 

w 

w 

46.63 

22.37 

i^ 

l-i 

HM 

17.52 

26.58 

S 

HH 

hH 

6.. 52 

h-i 

6.62 

22.39 

hH 

B, 

48.49 

21.74 

44.12 

16.74 

24.85 

51.43 

22.27 

44.66 

140.21 

e; 

.V2.31 

25. :« 

.>3.64 

21.2;i 

49.. 56 

9.29 

14.16 

9.98 

14.93 

29.09 

4.11 

14.22 

4.35 

14.8.5 

29.07 

107.73 

S 

4.'i..Vi 

22.31 

.V).32 

23.02 

45.32 

7.10 

11.01 

7.74 

11.67 

22.68 

2.85 

9.94 

3.08 

10.62 

20.59 

88.57 

E, 

••iM  i\\ 

18.93 

39.71 

18.43 

37.35 

3.67 

5.77 

4.94 

7.59 

13.37 

2.26 

8.00 

2.10 

7.37 

15.37 

66.10 

E, 

HtM^ 

13.X>i 

:ifj.2f) 

14.18 

27.54 

1.97 

3.14 

2.95 

4.59 

7.77 

1.54 

5.51 

1.47 

5.22 

10.73 

46.06 

K, 

21 .% 

10.56  2.",. IS 

11.79 

22.  a-) 

1.63 

2.59 

2.45 

3.79 

6.39 

1.01 

3.61 

.90 

3.19 

6.80 

35.54 

y^ 

12.16 

6.17  18.16 

8.59 

14.77 

1.19 

1.92 

1 .46 

2.2b 

4.21 

.47 

1.69 

.58 

2.08 

3.77 

22.74 

E, 

45.81 

22.23,47.98 

1          1 

21.18 

43.47 

13.04 

18.86 

13.22 

19.88 

39.82 

5.07 

17.43 

5.51 

18.65 

36.10 

119.39 

Jacketed. 


High  Pressure  and  Both  Receivers. 

Low-pressure  Cylinder, 

Un.iacketbd. 

F, 

I2.3«2r)..')3'41.5lll8.78  39.27 

15.47 

23.69 

15.29 

22.89 

46.57 

7.90 

27.22 

8  32 

28.42.55.89 

141.40 

F, 

lii  11  I'i  -1  •/(,  -/,  1^  i>t,  ..-  f,»j 

12.14 

18.86 

12.11 

18.41 

37.26 

5.19 

18.49 

5.46 

18.90 

37.39 

112.65 

F, 

. 

0.43 

14.72 

9.74 

14.76 

29.48 

3.83 

13.47 

4.03 

13.93 

27.51 

89.79 

F.   . 

'.    ^ 

6.03 

10.92 

7.04 

10.88 

21.80 

2.39 

8.50 

2.42 

8.51 

17.02 

62.99 

F.   .. 

".M  )'.♦.]] 

4.81 

7.66 

4  91 

7.63 

15.29 

1.58 

5.66 

1..55 

5.47 

11.16 

45.. 56 

F,. 

-.12  14.42 

4.11 

6.54 

3.93 

6.13 

12.68 

.96 

3.44 

.94 

3.37 

6.81 

as.  93 

F. 

•-'.    7.40  12  26 

3.19 

5.12 

3.09 

4.84 

9.96 

.59 

2.17 

.51 

1  81 

3.99 

26.21 

F, 

'  77  18.13  37.98 

1 

13.87  21.39 

1 

14.03 

20.12 

41.51 

6.76 

23.46'6.84 

23.5447.00 

126.54 
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TRIPLE-EXPANSION   ENGINE. 


Unjacketed. 


Stmbol. 


E3 
E4 
E5 

Ee 
Ev 
Eo 


o 

V 

M 

S3 


1186 
886 
686 
486 
286 
186 
94 

1000 


140.21 
107.73 
88.57 
66.10 
46.06 
35.54 
22.74 
119.39 


121.90 
91.76 
71.88 
51.70 
30. 
19.93 
10.26 

103.00 


o  S 
KS 


18.3 
16.0 
16.7 
14.4 
15.9 
15.6 
12.3 
16.3 


5   <!> 


86.87 
85.17 
81.16 
78.21 
66.82 
56.22 
45.12 
86.7 


tzj  & 


c    . 


15.78 
15.44 
15.32 
18.02 
19.92 
24.08 
27.52 
15.14 


O  sr  2 

K  -  4) 

fa  =^ 


13.53 

12.61 

11.18 

9.80 

9.17 

8.92 

8.11 

12.34 


^ 


*13.3 
*17.44 
15.32 
18.02 
19.92 
24.08 
27.52 
15.14 


Absolute 
Pressure. 


«h1 
9ph  o" 


125 

120.6 

119.5 

120.8 

120.2 

119.6 

116.1 

124.7 


6 

4.8 

4.2 

3.4 

2.7 

2.6 

2.1 

5.0 


^1 
o 


o  be 


Per  cent. 
OF  Steam 

SHOWN  BY 

Diagram. 


52.6 

38.3 

26.8 

14.3 

7.4 

5.3 

1.1 

39.5 


Beginning 

of  Expan 

sion. 


86 

82 

73.2 

54.4 

46.0 

37.0 

29.8 

82.0 


*  Steam  in  all  jackets,  except  low-pressure  cylinder. 

Jacketed,  except  Low-pressuke  Cylinder. 


F, 

1186 
916 
686 
436 
286 
186 
81 

1036 

141.40 
112.65 
89.79 
62.99 
45.56 
33.93 
26.21 
126.54 

122.96 
94.8 
72.55 
45.5 
30.97 
19.3 
8.82 

108.23 

18.44 

17.8 

17.5 

16,5 

14.6 

14.7 

15.4 

16.3 

86.96 

84.1 

80.79 

72.2 

67.59 

57.0 

33.65 

85.53 

15.37 

10,89 

15.37 
13.68 
14.89 
16.82 
17.70 
21.05 
24.10 
14.16 

123.4 

121.1 

121.2 

121.7 

121.7 

123 

121 

120.5 

5.8 
4.4 
3.8 
2.8 
2.5 
2.3 
2.1 
5.1 

2.8 
2.8 
3.1 
2.9 
3.0 
3.2 
3.6 
,3.0 

43 

28.9 

19.6 
8.9 
4.0 
1.5 
0.7 

34.4 

70  8 

Fr.:::....: 

F, 

13.68 
14.89 
16.82 
17.70 
21.05 
24.10 
14.16 

9.26 
8.11 
6.29 
5.81 
5.98 
6.92 
10.05 

67.2 
55.2 

F                ... 

46  4 

F5         .. 

32.8 

F   ... 

28.3 

f;....  ..  . 

28.7 

fI 

70.8 

TRIPLE-EXPANSION    ENGINE. 


Weights  of  Steam  used  in  Jackets.    Lbw-PRESSUBE  Cylinder, 

Unjacketed. 


Jacket  Steam  per  Hour.    Lbs. 

Total  Steam  per  Hour, 
including  tJacketp. 

Jacket  Steam  per  cent,  of 
Total. 
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A  series  of  tests  liave  been  made  of  both  the  compound  and 
triple-expansion  engine,  with  high-pressure  steam  in  all  the 
jackets. 

The  results  of  these  tests  are  not,  however,  included  in  this 
report.  No  tests  have  been  made  with  the  low-pressure  engine 
jacketed  with  low-pressure  steam,  although  such  a  practice  has 
proved  of  great  benefit  on  many  engines. 

The  following  tests  were  in  charge  of  A.  H.  Eldridge,  M.E., 
and  show  the  performance  of  the  compound  engine  with  all  the 
jackets  in  use.  The  writer  regrets  that  the  tests  relating  to  the 
triple-expansion  engine  under  the  same  condition  cannot  be 
given  at  this  time. 


COMPOUND   ENGINE. 
All  Jackets  in  Use. 
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G.  Both  cylinders  and.  intermediate  receiver  jacketed. 

K.  High  and  low  pressure  cylinder  jacketed,  receiver  not  jacketed. 
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G.    All  cylinders  jacketed. 

I.    High  and  low  pressure  cylinders  jacketed,  receiver  not  jacketed. 
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TESTS  MADE  ON  THESIS  WORK  FOR  DEGREE  OF  M.M.E.,  BY  L.  S, 
MARKS,  B.SC.  1  LONDON),  FELLOW  OF  SIBLEY  COLLEGE,  CORNELL 
UNBTIRSITY,  ASSOCIATE  OF  MASON  COLLEGE,  BIRMINGHAM,  ENG- 
LAND ;  AND  BY  S.  HENRY  BARRACLOUGH,  B.S.,  UNIVERSITY  OF 
SYDNEY,    N.    S.    W. 

The  tests  conducted  by  Messrs.  Marks  and  Barraclough  were 
for  the  purpose  of  determining  the  variation  in  cylinder  con- 
densation for  different  ranges  of  steam  pressure,  and  for  vari- 
ous speeds.  For  this  purpose  the  governor  of  the  engine 
was  arranged  so  as  to  operate  at  a  fixed  cut-off,  and  the  number 
of  revolutions  was  varied  by  changing  the  load  on  the  brake. 
A  series  of  twenty-three  tests  was  made,  with  different  ranges 
of  speed  and  steam  pressures,  the  results  being  given  very  fully 
in  the  succeeding  tables  and  diagrams. 


TABLE   1. 
Engine  Trials,  by  L.  S.  Marks  and  S.  H.  Barraclough. 


o 

'c 

bo 

a 

II 

=1 

T3   O 

a>  C 

a  o 

oi* 

^  a; 

.r?fl 

la 

=  o 

a  o 

e 

0) 

2s 

a 

^a 

3 

e 

Eh 

& 

> 

8 

9 

10 

11 

34 

81.7 

1720 

98.6 

.507.5 

34 

84.4 

1457i 

98.75 

465 

39 

79.4 

1242i 

99.15 

488 

37 

62.8 

961 

98.5 

584 

38.5 

58.8 

699} 

98.6 

490.2 

37.1 

72.6 

1501} 

98.17 

684 

34 

91.3 

1.5831- 

98.7 

434.5 

36.5 

71.5 

1302 

98.34 

586.5 

34 

84.1 

1328 

98.8 

417 

36.5 

64.9 

1087} 

98.1 

609 

36.5 

57.8 

840} 

97.9 

609 

36.5 

55.9 

65U 

98.06 

.'■)20.5 

36.75 

95.4 

1292 

97.85 

341.5 

36.75 

100.1 

1120 

98.4 

275.5 

36.5 

95 

963.J 

97.95 

259 

1  34 

70.2 

947} 

98.6 

417.5 

3f5.5 

82.2 

750} 

97.98 

265 

36.5 

64.5 

517} 

98.15 

a'«.5 

36.5 

86.1 

1081 

97.86 

330 

i  m.2ri 

70.7 

898} 

98.4 

414 

m.25 

71.7 

765 

97.8 

328.5 

I  34 

89.1 

662} 

98.7 

193 

34 

72.9 

467i 

98.9 

195 

fq 


o 


12 


77'0 
785 
800 
820 
840 
65p 
685 
700 
685 
710 
720 
740 
535 
5.50 
580 
585 
600 
620 
430 
440 
450 
485 
495 


TESTS    OX   EXPERIMEN^TAL   EJS'GIN'E    OF   SIBLEY    COLLEGE. 


939 


00 

6 


anoH  •f^<J  'd.  H  'I  J9d  rasajs  ^^d  Jo  spunoj 


Ci 

6 


onQH  -lad  urBa:}s  l^^oi 


i)40        TESTS   OX   EXPERIMENTAL   ENGINE   OF   SIBLEY   COLLEGE. 


TABLE    XL 


Head  End  of  Cylinder. 
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EXPRESSION   FOR   CYLINDER   CONDENSATION. 

Messrs.  Marks  and  Barraclough  made  a  comparison  of  the 
results  of  their  experiments,  with  all  the  experiments  to  be 
found  on  the  subject,  from  which  they  concluded  that  the  cylin- 
der condensation  could  be  expressed  in  every  case  by  an  equa- 
tion of  the  form  IIX"^  =  a  constant.  Here  x  is  dependent  upon 
the  initial  pressure,  and  is  very  nearly  x  —  27/p  +  3,  where  p  is 
the  initial  pressure.  In  the  above  equation  //is  equal  to  the 
number  of  heat  units  given  to  the  walls  per  revolution,  and  C  is 
a  constant,  hence  //  =  C/N^. 

The  accompanying  diagrams  (Figs.  263-269)  show  the  relation 
of  the  various  quantities  entering  into  the  equation  to  each  other 
and  to  the  work  performed.  Mr.  Marks  did  not  see,  as  a  result 
of  the  investigations,  that  range  of  temperature  was  a  function 
of  cylinder  condensation.  Mr.  Barraclough,  on  the  contrary, 
thought  the  condensation  to  be  a  function  of  the  range  of 
temperature,  and  to  be  represented  by  an  equation  in  which 
^  =  ^(7"—  ^)  4-  ^,  in  which  A  is  the  amount  of  steam  condensed 
per  minute,  T  —  t  the  temperature  range,  K  and  B  constants. 
The  results  are  shown  graphically  in  Fig.  266. 

Figs.  260,  262,  and  263  show  the  variation  in  steam  consump- 
tion for  change  of  speed,  from  which  it  is  seen  that  the  steam 
consumption  per  I.  H.  P.  per  hour  diminishes  with  increase  in 
speed,  the  rate  of  diminution  being  at  first  very  great,  but 
gradually  decreasing,  giving  a  curved  line.  The  total  steam 
consumption  coordinated  with  horse-power  for  fixed  cut-off  and 
constant  steam  pressure,  but  for  variable  speed  (see  Figs.  258, 
262,  and  269 »  is  in  each  case  a  straight  line,  the  equations  of 
which  were  as  follows  for  the  different  cases : 

Let  y  =  the  total  steam  per  hour,  x  —  corresponding  horse- 
power, we  have  the  following  equations : 

For  80  pounds  steam  pressure,  ?/  =  24.  a:  +  130. 
For  100  pounds  steam  pressure,  y  =  22.2  x  +  146. 
For  120  pounds  steam  pressure,  y  —  21.75  x  +  135. 

From  the  above  equations  of  steam  consumption  y/x  for  each 
case  can  be  computed. 

Tlie  diagram  for  total  water  consumption,  in  the  case  of  varia- 
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tion  in  initial  pressure  for  constant  speed,  is  also  a  straight  line 
(see  Fig.  261).  - 

Tests  are  now  in  process  of  completion,  of  the  engine  when 
operated  under  conditions  of  jacketing  different  from  those  given, 
and  for  higher  and  lower  steam  pressures.  The  general  line  of 
work,  however,  which  is  in  process  of  completion  this  year  is, 


M.E.P.  =  33.6 
I.H.P.  =  16.5 


Case  I. — Least  Compression.     (See  page  958.) 
Fig.  271. 

first,  the  determination  of  the  effect  of  change  in  steam  press- 
ure ;  and,  second,  the  effect  of  very  greatly  increasing  the  clear- 
ance. 

The  results  of   tests   made     under   other  conditions  will  be 
reported  at  a  later  meeting  of  the  Society. 


EFFECT   OF   COMPRESSION. 

In  addition  to  those  above  described,  various  other  investiga- 
tions have  been  made  from  time  to  time  for  special  purposes. 
61 
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One  iuterestiiif^  series  of  experiments  was  made  to  determine 
the  etfect  of  increasing  the  amount  of  compression,  other  con- 
ditions remaining  unchanged.  This  series  is  not  exhausted,  and 
many  cases  remain  to  be  tried ;  but,  as  will  be  seen  from  the 
trials  made,  there  seems  little  doubt  but  that  we  are  justified 
in  concluding,  for  this  engine  at  least,  that  an  increase  in  the 


M.E.P, 


Case  II. — Medium  Compression.     (See  page  958.) 
Fig.  272. 

amount  of  compression  reduces  the  amount  of  work  of  the 
enj^no  equally  as  much,  or  more,  than  is  compensated  for  by 
the  gain  in  reduction  of  cylinder  condensation.  The  first  test, 
in  charge  of  Professor  J.  H.  Barr,  has  been  reported  to  the 
Society,*  and  a  brief  abstract  only  is  given  here.     The  engine 

.  .vernlnjc  by  Compreaaion, "  by  Professor  Jolm  H.  Barr,  Volume  XVI.  of 
the  TranfiHions. 
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was  run  in  its  normal  condition,  with  very  little  compression 
(Cases  A  and  C ),  for  two  different  loads,  and  then  the  governor 
was  blocked,  so  tha^  the  cut-off  occurred  at  a  late  point  and  the 
regulation  was  performed  by  compression,  tests  being  made 
with  constant  brake  loads.  In  this  case  there  was  no  great 
difference  in  the  results,  although  the  cylinder  condensation  was 


M.E.P.  =  28.6 


Case  III. — Greatest  Compression.     (See  page  958.) 
Fig.  273. 


materially  reduced  when  the  compression  w^as  high,  as  compared 
with  that  when  the  compression  was  small.  This  is  shown  by 
the  position  of  the  saturation  curve  on  the  diagram  of  Figs.  274 
and  275. 

In  the  other  tests  for  this  purpose  the  cut-off  was  maintained 
as  nearly  as  possible   constant,  and  the   engine   was  operated 
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Test  of  Simple  Corliss  Engine,  with  Varying  Ratios  of  Compression,  and 
with  nearly  constant  ratios  of  expansions.     cylinder,  9  by  36. 


Number  of  Test 

Indicator  spring,  pounds  per  inch 

Revolutions 

Brake  load,  pounds 

Temperatures. 

Calorimeter 

Injection  water 

Discharge  water 

Condensed  ?ieaiu. 

Engine-room 

External  air 

Pressures. 

Boiler  gauge,  pounds 

Barometer,  29.1  inches,  pounds 

Condenser,  inches  Hg.,  pounds 

Condenser,  inches,  pounds 

Boiling  temperature,  atmospheric  pressure,  F 

Weiglits. 


Total  steam  per  hour,  pounds 

Total  condensing  water  per  hour,  pounds. 

Diagram  Dimensions. 


Cut-off,  per  cent.,  stroke 

Release,  per  cent. ,  stroke 

Compression,  per  cent. ,  stroke 

Absolute  pressure  ai  point  cut-off,  pounds 

Absolute  pressure  at  release,  pounds 

Absolute  pressure,  end  of  compression,  pounds, 
Absolute  pressure,  return  stroke 


WorTc. 


I.  H.  P.,  head 

I.  H.  P.,  crank 

Total  I.  H.  P 

D.  H.  P 

Mechanical  efficiency. 


Water  Consumption. 


Moisture  in  steam,  per  cent 

Per  I.  H.  P. ,  per  hour,  actual 

Per  I.  H.  P.,  per  hour,  corrected  cal 

Per  D.  H.  P.,  per  hour,  corrected  cal 

Per  I.  H.  P.,  at  point  cut-off,  per  diagram.. 

Per  I.  H.  P.,  at  point  release 

Thermo-dynamical  efficiency 

Per  cent,  of  steam  accounted  for  at  cut-off  . 
Per  cent,  of  .-team  accounted  for  at  release. 


40 
85.1 

290 


266 
37.5 
86.4 
83.5 
81.2 
42.6 


71.6 
14.26 

5.8 
2.86 
210.6 


1003.8 

19886 


21.2 
98.9 
11.4 
80.2 
25.2 
34.2 
13.3 


16.1 
15.9 
32.0 
30.0 
93.7 


0.76 
31.27 
31.03 
33.09 
18.8 
22.6 
14.1 
60.0 
72.2 


II. 

40 

85 
275 


266 
37.3 

83.1 
81.3 
81 
44 


70 

14.26 
6.1 
3 
210.7 


945.8 
19828 


21.6 


25 

79, 

25. 

53 

13 


14.7 
15.5 
31.3 
29.0 
92.7 


0.8 
31.6 
31.3 
33.3 
18.7 
22.7 
14.1 
59.3 
69.0 


III. 

40 

84.9 
295 


266.5 
36.3 

80.1 
79 

84.5 
42 


67.6 
14.26 
5.2 
2.53 
210.7 


896 

19873 


21.4 
98.9 
35.2 
79.8 
25.3 
69.7 
13.3 


13.84 

14.17 

28.01 

26.0 

92.7 


0.8 
32 

31.7 
34.0 
19.2 
24 
14 


4 
1 

60.0 
71.2 
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with  a  varying  amount  of  compression.  This  could  be  regulated 
bv  adjustment  of  the  exhaust  wrist  plates.  The  above  tests 
were  all  made  with  the  simple  engine,  unjacketed,  working  be- 
tween constant  temperature  limits.  The  summary  of  results  of 
these  tests  is  given  on  page  957,  and  sample  diagrams  are  shown 
in  Figs.  271,  272,  and  273. 


Number  op  Run. 


Load  on  brake 

Length  of  run.  hours 

Condensed  steam,  per  hour,  pounds. .  .  . 

Average  I.  H.  P 

Steam  per  I.  H.  P.  per  hour,  pounds 

Cut-off,  per  cent,  of  stroke 

Cut-off,  pressure  above  atmosphere 

Compression  pressure,  above  atmosphere 


A 

B 

c 

220 

220 

332 

3 

3 

3 

575.6 

604 

780.83 

13.15 

13.98 

24.79 

43.77 

43.20 

31.45 

1.5 

17.5 

4.5 

106 

108 

109 

20 

118 

19 

D 


332 
3 

890.33 
25.79 
35.2 
26.3 

108 

120 


The  results  of  this  test  have  been  discussed  in  a  paper  on 
the  subject  of  governing  by  compression,  by  Professor  John  H. 
Barr,  read  at  the  New  York  meeting,  November,  1894. 

Figs.  274  and  275,  from  a  previous  paper  *  by  the  author, 
give  the  form  of  sample  diagrams,  corresponding  to  Tests  A 
and  Tests  B. 

DISCUSSION. 

Mr.  William  Kent. — I  hope  Professor  Carpenter  will  not  be 
satisfied  with  a  boiler  with  only  120  pounds  pressure.  I  hope  he 
will  use  170  pounds  pressure.  It  is  not  of  so  much  importance  to 
know  what  a  triple-expansion  engine  will  do  at  120  pounds  press- 
ure when  the  commercial  pressures  are  160  pounds.  Again,  I 
would  hke  the  author  to  explain,  if  he  can,  why  the  very  best  test 
made  of  all  the  series  of  this  engine  gives  an  economy  so  much 
lower  than  has  been  achieved  by  triple-expansion  engines  else- 
where. 

Proffmor  Carpenter. — Our  engine  is  a  small  engine  with  large 
clearances.  We  cannot  get  the  same  economy  which  is  obtained 
with  large  engines,  yet  I  believe  few  engines  have  done  better 
when  working  between  the  same  temperature  limits.  If  clear- 
ance could  Ixj  had  without  increasing:  extra  surface  for  condensa- 
lion,  it  would  have  no  effect  on  the  economy,  as  indicated  by  our 
recent  test.s.     It  is,  no  doubt,  of  considerable  importance. 


XV 


•"  The  Saturation  Curve  as  a  Reference  Line  for  Indicator  Diagrams,"  vol. 
,  TraruKictions. 
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Mr.  Kent. — Another  point  is  that  the  maximum  speed  of  this 
engine  is  less  than  100  revolutions.  Corhss  engines  have  been 
made  to  run  much  faster  than  that.  Let  us  have  this  ene-ine  run 
with  as  high  speed  as  the  Corliss  engine  can  give. 

Mr.  George  I.  Bockwood. — I  should  think  the  poor  vacuum 
realized  in  the  condenser  explains  the  loweconomv  of  this  eno-ine 
more  rationally  than  the  large  clearances  and  its  small  size.  It 
T^ill  be  a  matter  of  gratification  if  Professor  Carpenter  will  con- 
centrate, in  some  one  place  in  the  paper,  his  purposes  in  making 
the  tests  and  his  views  resulting  from  them.  I  hope  that  he  will 
carry  out  tests  at  an  early  date  to  find  out  just  the  value  of  the 
intermediate  cylinder  in  reducing  coal  consumption,  especially 
with  variable  loads,  and  that  he  will  place  the  results  on  record 
for  inspection. 

Mr.  Storm  Bull. — I  have  been  very  much  interested  in  this 
paper,  and  for  two  or  three  years  I  have  been  conducting  a  series 
of  experiments  in  the  very  line  of  Professor  Carpenter's.  I  have 
an  engine  of  a  different  character.  It  is  a  compound  engine  only, 
and  with  poppet  valves,  but  which  has  the  advantage  in  this 
case  of  running  at  varying  speed.  It  can  run  from  75  to  150 
revolutions.  But  the  general  results  of  Professor  Carpenter  have 
been  confirmed  in  a  general  way.  I  think,  however,  we  have 
obtained  more  favorable  results  for  the  jacket  than  Professor 
Carpenter  has  obtained.  But  my  investigations  especially  have 
been  to  determine  the  influence  of  change  of  speed  and  of  cut-off. 
My  experiments  have  shown  that  the  larger  the  load  is  and  the 
later  the  cut-off  is,  the  smaller  the  influence  of  the  jacket  will  be, 
and  the  higher  the  speed,  the  smaller  the  influence.  I  think  the 
results  which  I  obtained  are  more  favorable  to  the  jacketing  than 
Professor  Carpenter's.  We  have  also  a  large  clearance,  and  we 
have  found,  also,  that  the  clearance  is  an  important  element. 
I  would  like  to  present  these  matters  to  a  later  meeting,  so  I  will 
not  say  much  about  them  at  the  present  time. 

Professor  Carpenter. — In  regard  to  Mr.  Kent's  remarks,  I  have 
not  felt,  nor  do  I  feel,  that  it  is  safe  to  draw  any  general  conclu- 
sions from  our  tests.  There  are  many  conditions  yet  to  be 
examined,  and  it  seems  to  me  the  paper  had  better  stand  in  its 
present  form.  I  took  great  pains  to  give  objects  and  conclusions 
in  advance  of  the  data  of  each  test.  All  conclusions,  so  far  as 
we  can  give  them  at  present,  are  to  be  found  in  this  form  in  this 
paper.     We  hope  to  get  in  later  times  more  complete  data  and 
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fuller  results,  iiud  I  hope  we  ma}^  at  that  time  be  able  to  give  those 
conclusions  which  seem  so  desirable. 

I  think  what  Mr.  Kockwood  said  is  no  doubt  true,  that  the 
]K)or  vacuum  is  largely  the  source  of  poor  economy.  I  hope  that 
we  may  be  able  to  make  complete  tests,  in  the  manner  suggested, 
with  the  intermediate  cylinder  left  out.  I  might  say  that  we 
have  alreadv  made  a  few  tests  in  that  way.  But  unfortunately, 
Mr.  Ileilman,  the  instructor  in  charge,  was  killed  in  an  accident, 
and  the  results  of  these  tests  could  never  afterwards  be  found.  The 
results,  I  believe,  showed  somewhat  in  favor  of  Mr.  Rockwood's 
method  ;  but  just  how  much  I  am  not  able  to  state  at  the  present 
time.  AVe  are  putting  in  a  boiler  to  carry  450  pounds  of  steam 
pressure,  and  we  have  already  been  making  tests  on  one  at  500  and 
700  pounds,  so  that  I  think  that  we  will  perhaps  in  a  short  time 
lind  out  the  effect  of  high-pressure  steam. 

In  this  connection  I  may  refer  to  correspondence  which  has 
been  in  progress  concerning  the  electric  device  used  in  the  tests  of 
this  engine,  to  operate  a  number  of  indicators  simultaneously.  A 
well-known  firm  enffa^ed  in  the  manufacture  of  standard  steam 
appliances  in  the  city  of  Boston  has  written  to  say  that  the  device 
of  Messrs.  Witherbee  and  Heilman  is  very  similar  to  the  invention 
of  Mr.  Frederick  Sargeant,  who  obtained  letters-patent  of  the 
United  States  for  an  electric  device  by  which  any  number  of 
diagrams  could  be  taken  from  as  many  different  cylinders  si- 
multaneously. This  patent  is  No.  450731,  dated  April  21,  1891. 
Since  then  Mr.  Frederick  Lane  has  improved  on  this  invention, 
and  received  letters-patent  of  the  United  States,  numbered  530433, 
December  4,  1894,  covering  the  same  improvement. 

In  1892  this  same  company  was  called  on  to  furnish  apparatus 
for  tlie  simultaneous  operation  of  several  indicators  by  electrical 
mean.s,  and  after  making  inquiry  in  various  directions  they  were 
unable  to  find  any  one  who  had  a  knowledge  of  such  a  device. 
Ik'fore  getting  out  the  patent  in  1891  they  made  an  extended  search 
over  the  jKiriod  of  ten  years  prior  to  that  date,  and  finding  noth- 
ing in  any  way  relating  to  such  electrical  device,  they  proceeded 
with  confidence  to  negotiate  for  the  purchase  of  the  Sargeant 
|>atent  above  referred  to. 

Our  view  in  the  laboratory  has  always  considered  devices  of 
this  cla«8  in. the  nature  of  scientific  apparatus,  and  so  we  had  never 
taken  occasion  Uj  look  up  the  record  or  chronology  of  the  matter 
until  tbi.s  correspondence  was  brought  'to  our  attention.     It  may 
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not,  therefore,  be  without  interest  that  I  quote  the  following  letter 
from  one  of  our  best-known  experts  in  the  testing  of  multiple- 
cylinder  engines : 

June  23,  1895. 
Prof.  R.  C.  Carpenter. 

Dear  Sir  : — I  received  a  note  tlie  other  day  from  Mr.  J.  T.  Henthorn,  saying 
that  he  had  had  some  correspondence  with  you  regarding  the  use  of  an  electro- 
magnet to  operate  the  pencil  of  an  indicator.*  I  thought  that  it  might  be  of 
interest  to  you  to  know  the  dates  when  I  first  made  and  used  such  an  attachment. 
Drawings  were  made  in  April,  1889,  work  began  on  first  instrument  in  June,  1889 
and  experimented  with  ofE  and  on  during  the  summer.  First  set  of  six  indicators 
completed  November  27,  1889.  First  used  in  regular  work  in  testing  engines, 
December  10,  1889. 

Very  truly  yours, 

Asa  M.  Mattice, 

*  The  device  was  used  in  test  of  Narragansett  engine,  in  1891,  described  in 
paper  by  Mr.  J.  T.  Henthorn,  Transactions,  vol.  xii.,  p.  643. 
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DCL.* 

THE  EFFICIENCY  OF  BOILERS:  A  CRITICISM  OF 
THE  SOCIETTS  STANDARD  CODE  OF  REPORT. 
INCr  BOILER    TRIALS. 

BY  F.   W.  DEAN,  BOSTON,   MASS. 

(Member  of  the  Society.) 

There  is  no  common  matter  about  which  there  are  fewer 
accurate  and  scientific  ideas  than  about  boilers,  their  actual 
performance,  the  reasons  therefor,  the  proper  criterion  by 
wliich  to  judge  of  their  performance,  and  the  economical  merit 
of  a  boiler.  There  is  also,  in  the  minds  of  many  who  ought  to 
know,  no  idea  of  the  limitations  of  boiler  evaporations,  nor  of 
the  magnitude  or  nature  of  boiler  losses.  Extraordinary,  if  not 
impossible,  guarantees  are  made,  and  evidently  only  for  the 
purpose  of  securing  contracts,  and  trusting  to  good  fortune  to 
escape  a  penalty.  Such  guarantees  produce  injury  to  other  boiler 
makers,  mislead  the  consumer,  later  causing  him,  when  he  finds 
out  the  impossibility  of  the  guarantee,  a  great  deal  of  annoyance, 
if  not  expense,  and  are,  in  fact,  immoral. 

It  is  not  uncommon  to  use  a  particularly  rich  quality  of  coal 
on  a  Ijoiler  trial,  and  to  use  the  result,  which  is  wonderfully 
^ood,  in  advertising  the  boiler,  and  thus  to  deceive  the  public. 
Any  coal  dealer  probably  will  furnish  a  picked  lot  of  coal  for 
tests,  and  will  send  it  sealed  in  a  box  car  to  the  place  of  con- 
sumption. Nobody  feels  the  advantage  more  than  the  writer 
of  having  a  standard  coal  of  uniform  quality  for  boiler  trials  in 
this  country,  as  they  have  hand  picked  Nixon's  Na^t^igation  Coal 
in  P.n^land,  ])ut  there  could  scarcely  be  anything  more  mislead- 
ing than  results  sometimes  published.  A  poor  boiler  tested 
with  good  coal  may  give  a  greater  evaporation  than  a  good 
boiler  with  poor  coal. 

Results  may  be  vitiated  for  comparison  by  drying  samples  of 
coal,  for  moisture  allowance,  different  lengths  of  time.     Some- 

♦  Presented  at  the  Detroit  me<;ting  (June,  1895)  of  the  American  Society  of 
Mechanical  Eni^neere,  and  forming  part  of  Volume  XVI.  of  the  Transactions. 
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times  tlie  sample  is  dried  twenty-four  hours,  and  thus  is  favor- 
able to  the  boiler,  while  other  samples  maybe  dried  six  or  eight 
hours.  In  order  to  do  away  with  this  difficulty  I  recommend 
that  a  well-selected  sample,  weighing  six  or  eight  pounds,  be  dried 
six  hours  in  a  clean  pan  placed  on  the  boiler  flue.  This  sample 
should  be  weighed  with  a  scale  which  is  accurate  to  quarter 
ounces. 

Considerations  of  this  kind  lead  to  the  inquiry,  How  can  a 
boiler  trial  be  reported  so  as  to  show  the  true  value  of  tlie 
boiler  as  a  generator  of  the  possible  heat  in  the  fuel  and  as  an 
absorber  of  the  heat  generated,  independent  of  the  quality  of 
the  fuel  ?  The  rej^ly  to  this  question  is  that  its  "  efficiency  " 
must  be  determined  and  reported.  The  definition  of  "  effi- 
ciency "is  as  follows  :  the  efficiency  of  a  boiler  is  the  ratio 
between  the  total  heat  which  any  given  coal  can  generate  bv 
complete  combustion,  and  that  part  of  it  which  is  absorbed  by 
the  water  and  steam  heated  and  generated. 

The  next  question  .is  :  How  can  dealers  be  made  to  base  their 
guarantees  upon  efficiency,  and  how  can  purchasers  be  made  to 
understand  the  meaning  of  efficiency  ?  The  answer  is  :  Through 
the  efi'orts  of  this  Society. 

This  naturally  leads  to  a  discussion  of  the  report  by  a  commit- 
tee of  and  to  this  Society,  recommending  a  standard  method  of 
making  and  reporting  boiler  trials,  as  printed  in  Volume  YI.  of 
the  Transactions.^ 

That  report  is  emphatic  in  expressing  the  desirability  of  a 
standard  method,  and  particularly  of  the  importance  of  express- 
ing the  value  of  the  boiler.  On  page  259  the  report  says  :  "  The 
scheme  must  also  be  so  complete  that,  if  carefully  and  exactly 
followed,  the  precise  value  of  the  boiler  may  be  ascertained 
with  certainty."  Yet  after  this  the  word  "  efficiency  "  is  scarcely 
mentioned,  much  less  recommended  as  a  measure  of  value,  thus 
wholly  missing  the  point.  Wherever  used,  it  is  in  the  most 
general  sense.  In  one  discussion  it  appears  with  its  proper 
signification. 

The  report  recommends,  on  pages  262-3,  that  its  standards  of 
power  and  economy  be  respectively  the  "  commercial  horse- 
power" and  "unit  of  evaporation,"  both  of  which  are  explained. 
It  then  says,  page  *263,  that  the  relative  economy  of  boilers  is 

*  "  Report  of  a  Committee  on  a  Standard  Method  of  Steam  Boiler  Trials,"  vol. 
vi.,  Transactions,  p.  256,  Xo.  168. 
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expressed  bv  the  number  of  imits  of  evaporation  obtained  by  a 
poiiml  of  combustible.  Nothing  could  be  farther  from  the 
truth.  In  fact,  this  conveys  only  the  roughest  idea  of  the  rela- 
tive economy  of  boilers,  and  takes  no  account  of  the  fact  that 
combustible,  as  well  as  coal,  varies  in  heat  value  per  pound.  In 
a  recent  case  that  came  under  the  writer's  notice  a  pound  of 
combustible  contained  14,177  units  of  heat,  and  another  15,398."^ 
The  latter  is  S.6  per  cent,  greater  than  the  former,  and  there- 
fore ought  to  evaporate  at  least  8.6  per  cent,  more  water  from 
and  at  212  degrees.  If  the  evaporations  per  pound  of  com- 
bustible in  the  two  boilers  using  these  coals  had  been  equal, 
according  to  our  Society's  code  they  would  have  been  equally 
good  boilers.  It  is  evident,  however,  that  they  would  have 
been  far  from  equally  good.  In  one  case  the  evaporation  was 
11.85  pounds,  on  this  basis,  while  with  the  better  coal  in  the 
same  boiler  it  would  have  been  11.85  x  1.086  =  12.87,  thus 
changing  it  from  a  fairly  good  to  a  remarkably  good  boiler. 
The  boiler  using  the  better  coal  gave  a  better  result  than  it  is 
in  general  entitled  to,  and  has  apparently  misled  both  its 
designer  and  builder,  as  well  as  the  public,  while,  if  its  merits 
had  been  judged  by  its  efficiency,  it  would  have  taken  its  proper 
place  as  a  steam  generator. 

Next  to  be  considered  is  :  How  can  the  efficiency  be  de- 
termined ?  This  is  determined  by  knowing  the  number  of 
units  of  heat  that  a  pound  of  coal  and  a  pound  of  combustible 
will  give  out  when  burning  under  perfect  conditions,  and  the 
number  of  heat  units  that  the  water  evaporated  has  received. 
In  doing  this  the  heat  that  goes  up  chimney  should  not  be 
deducted  from  the  possible  heat  of  the  coal,  as  is  sometimes 
done,  for  different  boilers  allow  different  amounts  to  escape.  It 
should  be  the  function  of  a  boiler  to  reduce  this  heat  as  much 
a8,i8  consistent  with  the  temperature  of  the  steam. 

There  are  two  methods  of  obtaining  the  heat  value  of  the 
coal,  one  by  burning  a  representative  sample  in  some  kind  of 
oxygen  calorimeter,  and  the  other  is  to  analyze  the  coal  and 
e<inate  the  elements  with  their  lieat  values.  The  oxygen  calo- 
rimetf-r  U  rrenerally  preferred,  but  as  it  is  considered  to  be  the 

•  ll«:.ii  in  1  pound  of  dry  coul 14,67")  li.T.U. 

A*^!'  4.7  per  cent. 

Ti  14  675 

Heat  Hi  J  i,.>ui,a  ui  couibu«tiblo =    -,r- -^-^  =  15,398  B.T.U. 

100  —  4.7  ' 
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better  the  nearer  its  result  comes  to  tliat  computed  from  tlie 
analysis,  the  writer  prefers  to  use  the  analysis  and  thus  avoid 
the  imperfections  of  the  calorimeter.  As  most  engineers  will 
wish  to  have  their  coal  analyzed,  it  is  best  to  use  this  for  heat 
value  and  avoid  the  expense  of  a  calorimeter  determination. 
This  is  a  point,  however,  that  the  Society  must  determine. 

Our  standard  method  recommends  coal  analysis,  but  is  silent 
as  to  what  use  is  to  be  made  of  it.  Neither  does  it  mention  the 
oxygen  calorimeter,  nor  does  it  speak  of  computing  the  heat 
value  of  the  coal  from  the  analysis. 

Having  now  called  attention  to  the  defects  of  the  standard 
method  of  making  trials  and  judging  of  the  value  of  boilers,  I 
wish  to  add  that  wherever  there  is  an  economizer,  a  boiler  trial 
should  in  general  include  a  determination  of  the  effect  of  the 
economizer.  These  devices  are  now  very  common,  and  in  many 
cases  have  sufficient  heat  to  vv^ork  upon  to  convert  a  wasteful 
plant  into  an  economical  one. 

Concerning  the  standard  form  for  reporting  trials,  it  has  an 
insufficient  number  of  items,  and  also  contains  some  useless 
ones.  To  criticise  its  wording  and  items,  of  what  value  are  the 
words  in  item  26,  "  and  apparently  evaporated  *'  ?  In  item  29 
the  word  "equivalent"  is  superfluous.  In  item  31,  the  words 
"  from  actual  pressure  and  temperature  "  are  superfluous. 

The  item  34,  "  Commercial  Evaporation,"  is  of  questionable 
value,  and  should  be  dropped. 

In  items  36,  37,  and  38  the  assumption  of  one-sixth  refuse 
should  be  abandoned  ;  for  why,  henceforth,  assume  the  refuse  ? 

Item  38  should  be  changed  from  "Per  square  foot  of  least 
area  for  draught "  to  "  Per  square  foot  of  boiler-tube  opening." 
This  item  is  of  little  or  no  importance,  and  as  it  is  in  general 
impossible  to  determine  the  least  area  for  draught,  it  is  best 
to  have  something  easily  determined,  definite,  and  possibly  of 
some  use. 

The  items  40,  41,  and  42,  so  far  as  they  depend  upon  "  tem- 
perature of  100  degrees  Fahr.  into  steam  of  70  pounds  gauge 
pressure,"  should  be  abandoned,  as  these  are  conditions  of 
past  practice,  not  now  often  met,  and  soon  to  be  extinguished. 
Here,  also,  the  "least  area  for  draught"  should  be  replaced  by 
"tube  opening." 

The  commercial  horse-power  unit  has  become  fixed  and  val- 
uable, but  should  be  stated  with  reference  to  the  evaporation 
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from  ami  at  212  degrees  Falir.  only,  as  100  degrees  Falir.  and 
70  pounds  are  obsolete.  In  order  to  avoid  the  ^  in  34|^,  it  is 
recommended  that  35  be  used.  This  differs  from  34j  by  less 
than  i;.  per  cent.,  and  as  the  horse-power  of  a  boiler  is  very 
tlexible,  the  proposed  change  is  not  harmful  in  any  respect,  nor 
misleading,  when  comparisons  are  made  between  powers  by  the 
old  and  proposed  units.  Its  history  can  be  readily  traced  by 
future  students. 

It  is  of  great  importance  to  determine  the  unit  for  comparison 
on  an  efficiency  basis.  It  would  be  commercial  if  the  efficiency 
on  coal  were  taken,  but  this  would  require  picking  out  uncon- 
sumed  coal  from  the  refuse,  and  would  assume  that  equal  per- 
centages of  unconsumed  coal  fell  through  the  grates  in  different 
cases.  It  is,  therefore,  best  to  use  the  efficiency  based  on  com- 
bustible, thus  : 

Heat  usefully  absorbed  from  1  lb.  of  combustible/ 
Efficiency  =  Heat"^^u^5nnb.  of  combustible. 

This  also  is  the  quantity  on  which  the  guarantee  should  be 
based,  and  the  contractor  should  have  the  following  clause  in 
his  specifications  :  AVe  guarantee  that  our  boiler  will  give  an 

efficiencv  of per  cent,  referred  to  combustible  consumed  on 

a  test  of hours'  duration. 

Unless  this  Society  shall  take  a  stand  upon  this  matter  and 
revise  its  standard  method  it  will  not  be  to  its  credit,  as  the 
present  code  has  become  open  to  criticisim  of  this  sort  by  the 
passage  of  time. 

An  improved  form  of  blank  is  appended,  embodying  the 
changes  suggested  in  reporting  boiler  trials. 

KK«ui/r8  OF  Boiler  Trials  for 
Kind  ok   Boiler, 
Kind  of  Fukl. 

1.  Date  of  trial 

2.  I)ur5<lion  of  trial hours. 

3.  Numlxrr  of  lK>ilers  in  use 

DimensioriH  and  Proportions. 

4.  firaU;  Hurfac^i  of  oach  boiler sq.  ft. 

5.  OrtXf  Hurfacc,  total sq.  ft. 

6.  WBt«r-heaiini,'  surface  of  each  l)oiler ...  i*q.  ft. 
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7.  Water-heating  surface,  total 

8.  Superheating  surface  of  each  boiler 

9.  Superheating  surface,  total 

10.  Total  heating  surface 

11.  Ratio  of  water-heating  surface  to  grate  surface. 

12.  Ratio  of  total  heating  surface  to  grate  surface. , 


sq.  ft. 
sq.  ft. 
sq.  ft. 
sq.  ft. 


Average  Pressures. 

13.  Steam  pressure  in  boiler,  by  gauge,  per  square  inch  . . 

14.  Atmospheric  pressure,  per  square  inch 

15.  Absolute  steam  pressure  in  boiler,  per  square  inch... . 

16.  Force  of  draught  in  column  of  water  between  damper 

and  boiler 

17.  Force  of  draught  in  column  of  water  beyond  damper  . 

Average  Temperatures. 

18.  Of  external  air 

19.  Of  fire-room   

20.  Of  feed-water  before  entering  economizer 

21.  Of  feed- water  before  entering  boiler 

22.  Of  escaping  gases  after  leaving  boiler 

23.  Of  escaping  gases  after  leaving  economizer 

24.  Of  steam 

Fuel. 

25.  Moist  coal  consumed 

26.  Moisture  in  coal 

27.  Dry  coal  consumed 

28.  Wood  consumed 

29.  Coal  equivalent  of  wood 

80.  Total  dry  coal  consumed,  including  wood  equivalent. . 

31.  Total  dry  refuse 

32.  Total  dry  refuse 

33.  Total  combustible  (items  30-31) 

34.  Dry  coal  consumed  per  hour 

35.  Combustible  consumed  per  hour 

Quality  of  Steam. 

36.  Quality  of  steam,  dry  pteam  being  taken  as  unity  .... 

37.  Percentage  of  moisture  in  steam 

38.  Number  of  degrees  superheated 

British  Thermal   Units. 

39.  Number  of    heat  units  in  a   pound  of  dry  coal,  by 

analysis 

40.  Number  of  heat  units  in  a  pound  of  combustible,  by 

analysis 

41.  Number    of  heat   units  in  a  pound  of   dry  coal,    by 

oxygen  calorimeter    


lbs. 
lbs. 
lbs. 

ins. 
ins. 


deg. 
deg. 
deg. 
deg. 
deg. 
deg. 
deg. 


lbs. 

per  cent. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

per  cent. 

lbs. 

lbs. 

lbs. 


per  cent, 
deff. 


B.T.U. 
B.T.U. 
B.T.U. 
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42.  Number  of  hont  units  in  a  pouud  of  combustible,  by 

oxytjen  calorimeter B.T.U. 

43.  i'ercentage  of  41  to  39  ;  of  43  to  40 per  cent. 

44.  Specific  heat  of  t^uperheated  steam  at  constant  pressure  0.48 
4o.   Heat  units  absorbed  by  boiler  per  pound  of  steam  gen- 
erated   B.T.U. 

4().   Heat    units  absorbed    by  boiler   and  economi/er,    per 

pound  of  steam  generated B.T.U. 

47.  Total  heat  units  absorbed  by  boiler  B.T.U. 

48.  Total  heat  units  absorbed  by  boiler  and  economizer.. .  B.T.U. 

49.  Heat  units  imparted  to  boiler  per  pound  of  dry  coal. . .  B.T.U. 

50.  Heat    units  imparted    to  boiler  and    economizer,    per 

pound  of  dry  coal B.T.U. 

51.  Heat  units  imparted  to  boiler  per  pound  of  combustible  B.T.U. 
o'-i.  Heat    units   imparted  to   boiler  and  economizer,    per 

pound  of  combustible B.T.U. 

53.  Factor  of  evaporation  for  boiler 

54.  Factor  of  evaporation  for  boiler  and  economizer 

Water. 

55.  Total  water  pumped  into  boiler lbs. 

50.   Water  actually  evaporated,   corrected   for  quality  of 

steam lbs. 

57.  Equivalent  water  from  and  at  213  degrees F.,  boiler  only  lbs. 

58.  Equivalent  water  from  and  at  212  degrees  F.,  per  hour, 

boiler  only lbs. 

Evaporative  Performance. 

59.  Water  actually  evaporated,  per  pound  of  dry  coal  ....  lbs. 

60.  Equivalent  per  pound    of  dry   coal   from  and  at    212 

degrees  F. ,  boiler   only lbs. 

61.  Equivalent  per  pound  of  dry  coal  from  and  at  212  de- 

grees F.,  including  economizer lbs. 

62.  Water  actually  evaporated  per  pound  of  combustible.  lbs. 

63.  Equivalent  per  pound  of  combustible  from  and  at  212 

degrees  F. ,  boiler  only lbs. 

64.  Equivalent  per  pound  of  combustible  from  and  at  213 

degrees  F. ,  including  economizer lbs. 

PJfficievcies. 

65.  Efficiency  of  boiler,  based  upon  dry   coal  (item  49 -5- 

item  39) per  cent. 

•6.  Efflciftncy  of  boiler,  based  upon  combustible  (item  51 

-*-  item  40). per  cent. 

67.  Efficiency  of  VK)ller  and  economizer,  baped  upon  dry 

coal  Htem  itO  -^  item  39) per  cent. 

68.  Efficiency  of  boiler  and  economizer,  ba.sed  upon  com- 

bustible (item  52  -*-  item  40)  per  cent. 
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Commercial  Horse-power  (boiler  only). 

69.  On  basis  of  344  pounds  of  water  from  and  at  212  de- 

grees F.,  per  hour  by  boiler H.P. 

70.  Number  of  square  feet  of  heating  surface  per  horse- 

power   sq.  ft. 

71.  Horse-power  per  square  foot  of  grate  surface H.P. 

72.  Horse  power,  builders'  rating,  at  —  square  feet   per 

horse-power H.P, 

73.  Per  cent,  developed  above  or  below  rating per  cent. 

Rate  of  Combustion. 

74.  Dry  coal  actually  burned  per  square  font  cf  grate  sur- 

face  per  hour lbs. 

75.  Dry  coal  burued  per  square  foot  of  tube  opening  per 

hour lbs. 

76.  Dry  coal  burned  per  square  foot  of  water-heating  sur- 

face per  hour lbs. 

Rate  of  Evaporation. 

77.  Water  evaporated  per  square   foot  of  heating  surface 

per  hour  from  and  at  212  degrees  F lbs. 

78.  "Water  evaporated  per  square  foot  of  grate  surface  per 

hour  from  and  at  212  degrees  F lbs. 

79.  Water  evaporated   per  square  foot  of   tube  opening 

area  per  hour  from  and  at  212  degrees  F lbs. 

If  the  discussion  of  this  paper  shoukl  prove  favorable  to  the 
suggestions  herein  made,  the  writer  proposes  to  offer  the  follow- 
ing resolution : 

Be-'iolvedj  That  the  Council  of  the  American  Society  of  Mechan- 
ical Engineers  be  requested  to  appoint  a  Committee  of  the 
Society  to  consider  the  Standard  Method  (of  1886)  of  Steam 
Boiler  Trials,  reported  by  a  Committee  of  the  Society  at  that 
time,  and  if,  in  the  judgment  of  that  Committee,  a  revision  of 
the.  standard  of  1886  is  desirable,  that  Committee  shall  report 
its  recommendations  for  a  new  Standard  Method  (of  1895)  for 
conducting  Tests  of  Steam  Boilers. 

DISCUSSION. 

Mr.  Geo.  H.  Barrus. — It  has  been  understood  for  a  long  time 
that  the  evaporative  performance  of  a  boiler,  expressed  in  terms 
of  water  evaporated  per  pound  of  coal,  or  even  per  pound  of 
combustible,  furnishes  no  adequate  idea  of  its  efficiency  as  a 
steam  generator,  unless  some  knowledge  is  had  of  the  general 
character  of  the  fuel  to  which  it  relates.  Even  with  such 
G2 
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knowledge  the  information  is  unsatisfactory,  owing  to  the  wide 
variation  in  the  value  of  diftereut  coals  of  nominally  the  same 
class.  This  whole  question  has  been  gradually  assuming  defi- 
nite shape,  until  it  is  now  practically  settled  that,  unless  the 
calorific  value  of  the  fuel  used  on  a  boiler  test  is  known  by 
actual  trial,  and  the  relation  between  the  heat  utilized  by  the 
boiler  and  the  total  heat  of  combustion  of  the  coal  is  ascer- 
tained, no  reliable  information  is  obtained  as  to  the  real  per- 
formance. The  well  worn  term  "efficiency"  characterizes  the 
relation  noted,  but  this  term  has  not  been  applied  in  common 
parlance  to  boiler-work  until  recently.  The  matter  has  grown 
into  some  importance  in  a  commercial  way,  since  contracts  for 
boilers  are  at  the  present  time  being  executed  in  which  the 
compensation  is  based  on  the  percentage  of  "  efficiency  "  attained, 
where  formerly  it  was  based  on  the  amount  of  water  evaporated 
with  a  given  kind  of  coal. 

Ten  years  ago  the  Society  made  a  careful  study  of  the  subject 
of  boiler  tests,  and,  through  its  committee,  devised  a  Standard 
Code  of  Rules  for  conducting  such  tests.  This  code  has  been 
generally  adopted  by  the  profession.  As  proof  of  its  wide 
acceptation,  the  fact  may  be  mentioned  that  the  code  has  been 
reprinted  and  embodied  in  a  number  of  trade  catalogues  of  firms 
engaged  in  the  steam  business,  and  it  has  been  introduced  into 
several  text-books  and  standard  works  on  steam  engineering. 
Furthermore,  it  is  referred  to  in  many  boiler  contracts  executed 
during  the  past  five  years. 

The  Society's  consideration  of  the  subject  occurred  previous 
to  the  agitation  which  has  resulted  in  basing  the  performance 
of  boilers  on  "  efficiency  "  rather  than  on  evaporation ;  and  natu- 
rally little  reference  is  made  in  the  code,  or  in  the  report  which 
accompanies  it,  to  calorific  determinations.  During  the  period 
which  has  elapsed  since  the  code  was  accepted  by  the  Society, 
considerable  advance  has  been  made  in  determining  the  cal- 
orific value  of  coal ;  and  there  is  at  the  present  time  a  number 
of  parties  who  are  engaged  in  making  these  determinations 
m  commercial  work.  Just  now,  also,  there  are  in  progress, 
in  mr)re  tlian  one  college  laboratory,  investigations  upon  this 
8ubject,  having  in  view  a  comparison  of  different  methods  of 
making  calorimeter  tests,  and  of  different  forms  of  instrument. 
It  is  evident  that  sooner  or  later  these  investigations  will  put 
the  Society's  code  "behind  the  times,"  if  they  have  not  done  so- 
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already  ;  and  there  is  immediate  need  of  a  revision  of  tlie  Stand- 
ard Code  of  Eules  to  bring  them  tip  to  date.  I  am  therefore  in 
hearty  sympathy  with  Mr.  Dean's  recommendation,  in  so  far  as 
it  relates  to  amending  the  work  of  the  former  committee  so  as  to 
include  the  methods  to  be  followed  in  determining  efficiency.  It 
would  be  well,  if  such  action  is  taken  by  the  Society,  to  empower 
the  committee  to  investigate  the  subject  of  coal  calorimetry,  so 
that  they  may  be  able  to  recommend  a  standard  method  of 
conducting  this  important  part  of  a  boiler  test.  As  to  the 
personnel  of  the  committee,  it  seems  to  me  that,  so  far  as  may 
be,  it  should  include  the  members  of  the  former  board,  for 
their  work  is  to  be  commended,  from  whatever  standpoint  it  is 
viewed. 

I  cannot  endorse  the  recommendation  of  the  paper  that  the 
calorific  determination  be  made  from  a  chemical  analysis  instead 
of  a  calorimeter  test.  A  chemical  analysis  for  this  purpose 
is  objectionable,  on  the  broad  ground  that  the  work  must  be 
intrusted  to  a  chemist.  The  engineer  should  be  responsible  for 
the  efficiency  test  from  first  to  last.  He  cannot,  as  a  rule,  satisfy 
himself  regarding  the  chemical  determinations  so  as  to  be  able 
to  vouch  for  them.  The  person  conducting  a  boiler  test  should 
be  capable  of  judging  from  his  own  knowledge  as  to  the  correct- 
ness of  all  the  data.  The  process  of  determining  the  calorific 
value  of  coal  in  an  oxygen  calorimeter  is  quite  as  simple  and 
easily  comprehended  as  the  boiler  test  itself.  This  reason 
alone  furnishes  sufficient  ground  for  using  the  direct  determi- 
nation of  the  calorimeter,  instead  of  the  indirect  method  based 
on  analysis,  which,  at  best,  is  complicated  and  uncertain. 

Prof.  R.  II.  Tliurston. — I  am  inclined  to  think,  with  Mr.  Dean 
and  Mr.  Barrus,  that  it  would  be  well  to  revise  the  Code  of 
Boiler-Trial  Reports,  and  think  it  might  be  well  to  have  all  such 
codes  of  practice  revised  at  stated  intervals,  if  not  kept  under 
constant  revision  by  proper  committees ;  if  for  no  other  reason,  to 
give  assurance  to  members  and  to  those  who  may  have  occasion 
to  employ  them  that  they  are  maintained  as  representative  of  best 
contemporar}^  knowledge  and  practice.  Improvements  in  the 
arts  and  advancement  in  the  sciences  contributorv  to  enofineerine: 
are  so  constantly  taking  place,  and  so  rapidly,  in  many  directions, 
that  what  is  right  to-day  may  be  obsolete  another  3^ear.  It  should 
be  practicable  to  secure  a  code  which  should  be  at  once  rigidly 
exact,  as  judged  by  the  methods  of  the  best  scientific  processes, 
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and  vet  simple  enouo'h  to  permit  its  application  with  satisfaction 
bv  every  engineer  of  ordinary  information  and  attainments. 

Basing  results  upon  a  statement  of  evaporation  per  unit  weight 
of  coal  is  too  crude  and  uncertain  to  be  allowed  ;  the  reduction 
of  data  to  performance  per  pound  of  combustible  is  generally 
satisfactory,  with  anthracite  coals ;  but  a  determination  of  the 
calorimetric  value  of  the  coal,  and  analysis  into  carbon,  hydro- 
Ciirbon,  and  ash  and  moisture,  are  required  for  a  full  determination 
of  the  real  value  of  the  boiler  and  of  its  efficiency,  as  needed  for 
comparison  of  one  with  another,  and  of  all  with  a  common 
standard.  All  this  is  now  easily  done,  and  there  is  no  reason 
why  the  Code  should  not  prescribe  scientifically  exact  methods 
for  adoption  when  the  case  is  of  sufficient  importance  to  demand 
their  emplo\^ment.  AYe  do,  hoAvever,  find  chemical  analysis  of 
bituminous  coals  usually  very  helpful. 

The  case  is  made  particularly  clear  now  that  it  has  become 
possible  to  substitute  for  the  old  and  tedious  methods  of  ''  bomb  " 
calorimetry  the  later  and  simpler  methods,  giving  results  in 
minutes  that  formerly  took  hours,  and  with  greater  accuracy  and 
freedom  from  the  risks  coming  of  necessary  and  numerous  checks, 
standai'dizations,  and  computations.  Such  methods  as  that  used 
in  our  laboratories,  as  described  in  the  paper  before  the  Society, 
will  prove  most  admirable  aids  in  the  promotion  of  easy  and 
accurate  measurements  of  the  calorimetric  value  of  the  fuel. 
Where,  as  here,  the  several  efficiencies  of  fuel,  of  furnace,  of 
lx>iler,  and  of  storage  and  transfer  of  heat,  Avhen  exact  work  is  to 
be  done,  must  be  separately  measured  and  discriminated,  every 
process  tending  to  simplify  and  improve  practical  everyday  work 
becomes  of  inestimable  value.  Properly  employed,  either  of 
several  methods  of  measuring  the  calorific  value  of  the  fuel  may 
\)ii  employed,  and  with  substantially  and  practically  equal  satis- 
faction, so  far  as  the  final  outcome  is  concerned.  That  which 
gives  accurate  results  in  the  quickest,  cheapest,  and  most  certain 
way  will  be  accepted  by  engineers.  But,  even  after  the  thermal 
content  of  the  fuel  is  ascertained,  it  by  no  means  follows  that 
Cfiually  good  Ixjilers  will  give  the  same  efficiencies  with  different 
crjals  of  ofpml  total  thermal  content.  We  find  that  the  bitu- 
minous coals  often  surrender  less  heat,  proportionally,  than  the 
anthracites,  and  this  makes  it  still  difficult  to  rate  the  boilers  com- 
panitively  when  using  different  classes  of  fuel.  This  fact  is  no 
argument,  however,  against  the  use  of  every  means  possible  to 
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make  the  comparison  as  nearly  exact  as  is  practicable,  and  the 
calorimetric  measurement  of  the  fuels  does  give  us  tli^  power  of 
taking  one  more  step  toward  that  end. 

I  am  inclined  to  agree  with  Mr.  Dean  in  most  of  his  criticisms 
of  the  Code  as  it  stands.  It  was  evolved  out  of  the  older 
methods  and  practice,  and  it  would  be  a  miracle  were  it  to  have 
proved  perfect  as  a  first  attempt  to  construct  an  authoritative 
code. 

As  to  Mr.  Barrus's  strictures  on  the  chemical  analysis,  I  am  not 
inclined  to  offer  so  decided  an  objection  to  its  adoption.  It  is 
often  most  convenient  to  the  engineer  to  send  his  samples  to  the 
chemist,  and  the  chemist  is  coming  to  use  the  same  methods,  in 
large  part,  that  we  are  now  coming  to  emplov  in  our  own  calo- 
rimetr3\  The  Code  should,  I  think,  give  the  practitioner  the  best 
ways,  and  the  hest  alternative  ways^  as  w^ell,  of  reaching  his 
results.  The  '*  bomb  calorimeter "  will  now  be  found  in  every 
chemical  laboratory  of  importance,  and  every  chemist  doing  this 
class  of  work  will  supply  himself  with  the  best  apparatus  obtain- 
able for  the  purposes  of  analysis,  both  chemical  and  thermal.  It 
looks,  now,  however,  as  if  the  engineer  might  presently  give  the 
chemist  better  methods  of  calorimetry  than  those  which  have 
made  Berthelot  and  Hempner  famous.  We  are  making  thermal 
analysis  exact,  rapid,  and  handy. 

Mr.  H.  De  B.  Parsons. — I  fully  concur  in  Mr.  Dean's  recom- 
mendations for  a  revision  of  the  Society's  rules  for  reporting 
boiler  trials,  and  I  am  also  in  favor  of  Mr.  Barrus's  suggestion 
to  empower  the  new  committee,  if  appointed,  to  investigate  fully 
and  report  on  the  methods  of  coal  calorimetry. 

It  appears  to  me  that  if  this  latter  investigation  should  prove 
little  difference  to  exist  between  the  heating  values  of  coal,  as 
determined  by  theoretical  calculation  from  a  chemical  analysis, 
and  the  experimental  value,  as  determined  by  the  calorimeter,  that 
due  value  should  be  given  to  the  chemical  work.  I  cannot  agree 
with  Mr.  Barrus  that  a  chemical  analysis  would  be  objectionable, 
because  the  engineer  should  be  responsible  for  the  efficiency  test 
from  first  to  last,  and  therefore  cannot  trust  a  chemist,  as  being 
an  outsider.  A  chemist  can  be  just  as  well  trusted  as  the  reports 
of  the  various  assistants  or  observer's  which  are  necessary  in  all 
boiler-testino-  work.  There  is  no  more  trouble  or  danger  in 
sampling  coal  for  analysis  than  in  sampling  for  the  calorimeter, 
and  the  accuracy  of  the  analysis  will  be  just  as  great  as  that  from 


974  THE   EFFICIENCY    OF    BOILERS. 

the  calorimeter.  Xow,  if  the  committee  reports  that  the  heating 
vahie  is  the  same,  as  determined  b}^  both  methods,  within  the 
hmits  of  error  allowable,  the  chemical  method  should  be  allowed, 
because  in  the  majority  of  cases  it  is  the  simpler  to  apply.  It  is 
always  easv  to  procure  a  correct  analysis  from  a  reliable  chemist, 
while  it  would  be  necessary  for  most  experimenters  to  send  the 
coal  sample  to  some  college  laboratory  to  obtain  a  report  from 
the  calorimeter.  Here  it  would  be  just  as  necessary  to  trust  to 
an  unknown  man  as  in  the  chemical  test  to  which  Mr.  Barrus 
objects.  Should  the  calorimeter  give  results  not  in  concordance 
v\-ith  the  chemical  method,  then,  of  course,  the  latter  should  be 
abandoned  in  favor  of  the  former. 

Mr.  William  0.  Webber. — I  have  read  with  a  great  deal  of  inter- 
est Mr.  Dean's  criticism  of  the  Society's  Standard  Code  of  Report- 
ing Boiler  Trials,  read  at  the  Detroit  meeting  just  past,  and  Mr. 
Barrus's  discussion  of  the  same  ;  and  wish  to  add  my  testimony,  as 
beinir  in  full  accord  with  Mr.  Dean's  recommendations,  so  as  to 
include  the  determining  of  the  efficiency  of  the  boiler  in  all  stand- 
ard boiler  tests.  I  do  not  agree  w^ith  Mr.  Dean  that  the  British 
thermal  units  should  be  determined  from  chemical  analysis,  but 
agree  with  Mr.  Barrus  that  they  should  be  obtained  from  a  coal 
calorimeter  test  instead,  as  I  believe  that  the  results  obtained  by 
calorimetric  tests  are  more  nearly  similar  to  the  conditions  inci- 
dental to  a  boiler  test  than  those  obtained  by  chemical  analysis. 
J  would,  however,  in  the  interests  of  making  all  reports  as  simple 
as  possible,  cut  out  as  many  items  which  apparently  reiterate  in 
another  form  results  already  once  stated.  It  has  always  seemed 
to  me  that  after  stating  the  amount  of  coal  combustible  it  would 
be  as  well  to  leave  further  deductions,  based  on  this,  out  of  the 
re|K>it,  as  they  are  somewhat  misleading  to  the  average  mind, 
and  do  not  coincide  with  actual  conditions. 

If  we  had  a  standard  test  coal  this  item  Avould  not  be  necessary, 
and  as  a  statement  of  the  evaporative  value  of  a  boiler  the 
equivalent  per  pound  of  (\i'y  coal  from  and  at  212  degrees  conveys 
just  as  much  informatioji,  and  I  believe  of  more  practical  value, 
than  the  siime  equivalent  per  pound  of  combustible.  I  would 
al.scj  criticisfi  the  number  of  items  which  Mr.  Dean  has  included 
under  the  heading  of  British  Thermal  Units.  It  seems  to  me  that 
so  many  statements  in  this  designation  would  only  tend  to  con- 
fu.se  the  average  reader,  and  1  would  suggest,  therefore,  that  these 
designations  be  kept  as   close  as  possible   to   the   three   follow- 
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ing  items,  which  really  conve}'  the  whole  information  desired, 
viz. :  Total  heat  derived  from  coal  in  British  thermal  units,  or 
total  heat  units  absorbed  bv  boiler,  as  used  bv  Mr.  Dean. 
Kumber  of  heat  units  in  a  pound  of  dry  coal  by  calorimeter,  and 
the  efficiency  of  the  boiler,  being  one  item  divided  by  the  other. 
And  I  Avould  also  suggest,  after  correcting  the  basis  and  wording 
of  the  items,  under  commercial  horse-power,  as  suggested,  the  item, 
pounds  of  dry  coal  burned  per  hour  per  horse-power  developed ; 
-and  if  the  value  of  the  coal  delivered,  per  ton,  can  be  obtained,  the 
items  of  the  cost  per  1,000  horse-power  per  hour  developed,  and 
cost  per  1,000  pounds  of  dry  steam,  would  be  of  great  practical 
value.  I  would  also  suggest,  as  the  gas  analysis  of  the  es- 
caping gases  plays  so  important  a  part  in  the  consideration  of 
the  boiler,  and  their  determination  is  so  easily  made  by  the  im- 
proved Orsart  apparatus,  that  the  following  items  be  included  in 
a  standard  report :  carbonic  acid  gas  (per  cent.) ;  oxygen,  carbonic 
oxide,  pounds  of  flue  gas  per  pound  of  carbon  ;  and  possibly  a 
statement  of  the  heat  balance,  as  drawn  off  by  Mr.  H.  D.  Hale, 
of  the  Boston  Society  of  Engineers,  in  a  report  on  methods  of 
makino'  tests  at  the  Edison  Station,  in  which  he  ofives  the  follow- 
ino-  items  : 

CD 

Heat  Balance,  Dr.     (All  referred  to  32  degrees  Fahr.,  in  units.) 

In  the  coal,  in  the  water,  in  the  air. 

Heat  Balance,  Cr. 

By  dry  steam,  by  flue  gas  (extra  temperature  of  gases),  by 
-evaporation  of  Avater  in  coal,  by  priming  or  moisture  in  steam,  and 
by  radiation,  and  unaccounted  for. 

I  also  like  to  see  a  very  full  description  of  the  boilers  under 
test,  giving,  besides  the  grate  surface,  water-heating  surface,  etc., 
the  actual  length,  width,  and  opening  of  grate,  the  distance  from 
the  grate  to  the  shell  of  the  boiler,  the  diameter  and  length  of  the 
boiler,  diameter,  length,  and  number  of  tubes,  and  the  height  and 
area  of  stack,  and  the  ratio  of  the  stack  area  to  the  grate  area. 
I  think  it  would  also  be  of  advantage  to  include,  next  to  the  item, 
Percentao-e  of  Ash  and  Kef  use  in  Drv  Coal  under  actual  condi- 
tions,  a  statement  of  the  percentage  of  ash  and  refuse  by  analysis, 
as  showino-  the  difference  in  the  behavior  of  the  coal  used  under 
the  two  different  conditions. 

To  sum  up  my  whole  discussion,  I  wish  to  agree  fully  with  the 
-object  of  Mr.  Dean's  paper,  as  a  very  desirable  step  in  the  right 
direction,  but  to  advocate  giving  all  the  information  possible  in  as 
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few  and  comprehensive  items  as  possible,  avoiding  repetitions  of 
results  obtained  by  different  methods  of  calculation,  and  accept- 
ing- some  one  form  of  statement  as  standard. 

Mr.  John  li.  Wagner. — I  was  in  hopes  that  the  movement  which 
Mr.  Dean  is  endeavoring  to  bring  about  would  be  agitated  at  the 
Chicao-o  meeting.  I  am  exceedingly  anxious  to  see  amendments 
to  the  Society's  Standard  Code,  not  so  much  from  the  standpoint 
of  Mr.  Dean  and  Mr.  Barrus — that  is,  to  determine  the  efficiency 
of  the  boiler,  to  show  Avhether  the  guarantee  has  been  fulfilled — 
but  from  the  standpoint  of  an  engineer  who  is  anxious  to  study 
the  question  of  boiler  performances  and  present  systems  of 
tiring. 

In  compiling  the  results  of  a  large  number  of  boiler  tests  by  the 
best  American  authorities,  I  was  impressed  with  the  amount 
of  information  wanting  to  enable  me  to  account  for  the  high 
or  low  duty  or  to  locate  the  losses.  The  reports  of  tests  made 
in  Europe  nearly  always  included  information  and  data  suffi- 
cient to  make  a  complete  study  of  the  boiler  and  furnace  per- 
formance. 

I  would  suggest  to  amend  the  improved  form  of  blank  offered 
bv  Mr.  Dean,  by  including  not  only  an  analysis  of  the  coal,  but 
also  a  sizing  test ;  an  analysis  of  the  ash  or  refuse  from  the  ash- 
pit, to  determine  the  loss  there  and  to  have  a  check  on  the  total 
ash  produced  (by  calculation),  and  an  analysis  of  the  stack  gases, 
to  determine  the  excess  and  actual  quantity  of  air.  I  would  also 
suggest  that  the  committee  appointed  to  take  up  this  question 
consult  the  paper  read  by  my  friend,  the  late  Eckley  B.  Coxe, 
before  the  New  England  Cotton  Manufacturers'  Association,  at 
Providence,  "R.  I.,  last  April,  the  title  of  which  is :  ''  Some 
Tiioughts  upon  the  Economical  Production  of  Steam,  with  Special 
U<*ference  to  the  use  of  Cheap  Fuel." 

^Ir.  Coxe  ex]Xicted  to  read  a  paper  at  this  meeting,  embodying 
some  of  the  matter  contained  in  the  above  paper,  and  which 
would  have  had  a  direct  bearing  on  the  question  of  boiler  tests, 
and  showing  tlie  im})ortance  of  data  invariably  omitted  from  the 
repr^rts  of  boiler  tests. 

It  seems  to  me  that  the  method  of  getting  at  the  efficiency  of 
a  lioiier,  as  |)i-(;posed  by  Messrs.  Dean  and  Barrus — that  is,  based 
on  the  calorific  value  of  the  fuel — is  not  altogether  satisfactory,  as 
the  Ix^iler  should  not  be  accountable  for  functions  belonging 
to  the   furnawi.     In    other  words,  the  very  best  boiler  may  be 
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made  to  have  a  very  low  efficiency  by  a  poorly  managed  fur- 
nace; that  is,  by  allowing  a  large  excess  of  air  to  pass  through 
the  furnace. 

If,  however,  we  have  an  analysis  of  the  stack  gases,  of  the  ash 
produced,  and  of  the  fuel  used,  we  can  locate  the  cause  for  the 
high  or  low  efficiency. 

From  m}^  experience  with  the  oxygen  calorimeter  during  the 
past  three  years,  I  think  it  advisable  for  the  next  few  3^ears  (until 
fuel  calorimeters  have  been  further  improved)  not  to  relv  on 
calorimetric  tests  alone,  but  check  them  up  by  chemical  analysis 
of  the  fuel,  especially  in  the  case  of  anthracite,  where  a  proximate 
analysis  will  give  more  concordant  results  (unless  determined  in 
the  Mahler  calorimeter).  (See  valuable  paper,  special  bulletin,  by 
Professors  E.  E.  Slossan  and  L.  C.  Colburn,  of  the  University 
of  Wyoming,  Laramie,  Wyo.) 

Mr.  A.  F.  Nagle. — In  the  main,  I  see  no  objection  to  the  pro- 
posed changes  in  the  code  governing  boiler  tests,  suggested  b}^ 
Mr.  Dean.  In  the  revised  code.  Article  59,  "Water  actually 
evaporated  per  pound  of  dry  coal "  should  be  preceded  by  '*  "Water 
pumped  into  the  boiler  divided  by  coal  shovelled  into  the  fur- 
nace," for  that  is  what  the  practical  man  of  affairs  wants  to  know 
and  has  to  pay  for. 

On  the  whole,  the  matter  of  dry  coal  is  apt  to  be  an  error,  or 
deceit,  or  fraud,  one  of  so  very  little  practical  value  that  I  have 
grave  doubts  of  the  wisdom  of  retaining  it  outside  of  laboratory 
work. 

Would  it  not  be  better  to  base  all  calculations  upon  coal  as 
found  and  paid  for,  and  have  one  paragraph  simply  giving  its 
moisture  as  a  guide  in  the  selection  of  coal  ? 

There  is  the  further  objection  to  correcting  for  moisture  in  soft 
coal  in  that  it  is  commonly  believed  that  moisture  actually  adds 
to  its  evaporative  efficiency. 

I  am  aware  that  this  belief  does  not  rest  upon  scientific  proof, 
but  skilful  firemen,  like  good  blacksmiths,  wet  soft  coal  before 
using  it.  They  know  it  makes  a  hotter  fire,  and  perhaps  a  little 
thought  will  reveal  a  reason.  The  moisture  holds  the  fine  carbon 
particles  together,  preventing  their  escape  up  the  chimney,  and 
holding  them  together  until  they  can  be  raised  to  a  temperature 
sufficientlv  hig-li  for  io^nition. 

Xo,  I  think  I  would  strike  out  all  pertaining  to  drij  coal — cer- 
tainly when  applied  to  soft  coal. 
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'•  C'omiiKMviiil  lloi-se-power  (boiler  only).'' 

I  confess  I  do  not  know  what  is  meant  by  "  boiler  only."  What 
else  aiv  we  talking  about  ? 

Item  (>9  meets  with  my  appi'oval.  I  see  no  reason  for  con- 
tinuing an  obsolete  rating  of  30  pounds  of  water  from  100 
det^-rees  feed  to  70  pounds  steam.  It  is  never  obtained  in  prac- 
tice without  a  process  of  calculation,  and  so  serves  no  simple, 
direct  way  of  obtaining  the  horse-power  of  a  boiler.  If  a  calcu- 
lation be  necessary,  we  may  as  well  make  one  and  be  done 
with  it. 

I  do  not  agree  Avith  Mr.  Dean  that  35  pounds  would  be  prefera- 
ble to  3-U-  pounds  of  water  from  and  at  212  degrees  per  boiler 
hoi'se-|>ower. 

This  matter  was  so  fully  discussed  at  the  time  the  former  code 
was  adopted  that  scarcely  anything  new  can  be  said.  Simply  to 
avoid  a  fraction  is  not  reason  enough.  It  has  been  so  very  diffi- 
cult to  get  the  standard  we  have  that  to  open  the  subject  again 
for  the  sole  purpose  of  avoiding  a  fractional  calculation  is  not 
reason  enough  to  compensate  for  the  complications  and  new  dis- 
putes which  would  certainly  arise  if  we  attempt  to  make  the 
cliange  proposed. 

Mr.  F.  A.  Scheffler. — I  have  read  with  a  great  deal  of  interest 
the  comments  Mr.  Dean  has  seen  fit  to  make  in  his  criticism  of 
the  Society's  present  Standard  Code  of  Reporting  Boiler  Trials. 
I  am  heartily  in  favor  of  his  suggestion  to  appoint  a  committee 
to  investigate  the  faulty  features  of  the  present  standard,  with  a 
view  of  the  Society's  eventually  adopting  a  new  set  of  rules  and 
regulations  for  boiler  trials.  The  guarantees  made  by  many 
parties,  who  are  more  anxious  to  sell  goods  than  they  are  to  tell 
the  truth,  are  altogether  against  the  best  principles  upon  which 
any  kind  of  business  should  be  based.  If  this  Society  can  fLX  a 
standard  wherein  the  question  of  efficiency  is  the  resultant  factor, 
and  it  is  generally  known  throughout  the  country  that  the  ques- 
tion of  number  of  pounds  of  water  evaporated  per  pound  of  coal 
is  not  l>eing  imiversally  used  as  a  standard  for  comj)arison,  the 
ScK'iety  will  have  accomplished  a  great  deal  of  good  for  the  bene- 
lit  of  engineers  in  general  and  the  boiler  business  in  particular. 

The  writer  knows  of  a  case  where  a  certain  manufacturer  of 
boilers  actually  advertised  in  the  trade  journals  that,  with  Pitts- 
burg  Slack  Coal,  that  particular  boiler  had  evaporated  in  a 
sf)ecifie<l  test   14 J  pounds  of  water  from  and  at  212  degrees  per 
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pound  of  combustible.  Had  this  party  advertised  and  claimed 
that  the  boiler  would  show  an  efficienc}^  of  125  per  cent.,  he 
probably  would  have  come  to  the  conclusion  very  quickly  that 
he  was  the  laughing-stock  of  his  competitors  and  purchasers  in 
general,  for  he  would  certainly  not  have  dared  to  offer  a  boiler  to 
even  the  most  ignorant  of  purchasers  should  he  claim  more  than 
100  per  cent,  efficiency  ;  such  a  purchaser  might  have  allowed 
him  10  per  cent,  to  come  and  go  on,  but  he  surely  would  not  con- 
sider anything  higher  than  90  per  cent.,  and  any  one  who  can 
conscientiously  show  to-day  an  efficiency  of  90  per  cent,  can 
afford  to  shut  up  his  office  and  sell  out  for  a  mint  of  money. 

Should  a  committee  be  appointed  by  this  Society,  I  would  also 
suggest  that  this  committee  devote  some  time  to  investigate  and 
suggest  what  shall  be  determined  a  horse-power  on  the  heating- 
surface  basis,  and  at  the  same  time  fix,  if  possible,  a  certain 
amount  of  draught,  at  the  point  where  the  gases  leave  the  boiler, 
as  a  standard  draught  on  which  the  amount  of  water  evaporated 
per  square  foot  of  heating  surface  should  be  based.  The  question 
of  heating  surface  in  a  boiler  very  seriously  affects  its  efficiencv, 
and  several  manufacturers  endeavor  to  induce  their  customers  to 
purchase  boilers  on  the  basis  of  only  7i  square  feet  of  heating- 
surface  per  horse-power,  others  offering  9,  some  10,  and  others 
114.  There  is  no  question  but  that  the  boiler  made  on  the 
basis  of  7i  square  feet  heating  surface  per  horse-power  will  have 
to  evaporate  50  per  cent,  more  water  for  each  square  foot  per 
hour  than  the  boiler  which  has  11^  square  feet,  providing  both 
agree  to  call  a  "  horse-power  "  34^  pounds  of  water  evaporated 
from  and  at  212  degrees,  which  is  the  Society's  recommended 
standard.  TTith  the  same  draught  neither  of  the  above  boilers 
can  evaporate  any  more  water  per  square  foot  of  heating  surface 
than. the  other  with  the  same  coal  and  all  other  conditions  being 
equal,  I  do  not  agree  with  Mr.  Dean  that  the  best  method  of 
determining  the  value  of  the  coal  is  by  analysis,  for  the  reason 
that  there  are  several  calorimeters  in  use  to-day  which  are  so 
very  trustworthy  in  the  results  obtained  by  them  that  the  value 
of  the  coals  can  be  much  more  accurately  determined  and  for  con- 
siderably less  money  than  by  an  analysis,  which,  as  Mr.  Barrus 
states,  is  at  best  complicated  and  uncertain,  and  requires  a 
chemist  to  make  such  analysis. 

Mr.  K  D.  Meier,—!  have  read  Mr.  Dean's  paper  with  much 
interest,  and  am  in  favor  of  a  reform  of  the  code  for  conducting 
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boiler  tests.  Bat  I  cannot  agree  with  him  in  regard  to  retaining 
that  indefinite  qnantity,  tlie  "  pound  of  combustible,"  in  the  code 
at  all.  I  have  no  doubt  that  the  first  intention  was  to  deduct 
onlv  the  ashes  and  clinker  from  the  coal,  and  call  the  balance  the 
number  of  pounds  of  combustible.  But,  as  Professor  Potter  has 
pointed  out  in  his  discussion,  this  would  not  be  fair  to  coals  which 
contain  a  lot  of  volatile  matter  which  is  not  combustible,  nor 
would  it  account  for  the  heat  lost  in  evaporating  the  character- 
istic moisture  in  the  coal,  which  must  be  done  by  a  portion  of  the 
combustible  matter,  thereby  robbing  the  boiler  of  so  much  heat. 
I  have  no  doubt  that  the  committee  which  drew  up  the  code 
acted  within  the  limits  of  w^hat  w^as  then  the  best  practical 
knowledge  on  the  subject.  Naturally  they  had  in  view  the  high- 
orrade  coals  with  which  thev  were  familiar,  and  with  which  most 
of  the  boiler  trials  then  known  to  the  engineering  fraternity  of 
the  United  States  were  conducted. 

At  that  time  accurate  tests  of  boiler  or  steam-engine  perform- 
ance were  rarely  required  elsewhere  than  in  the  Eastern  States ; 
but  with  the  extension  and  enlargement  of  the  manufacturing 
industries  of  the  Mississippi  Yalley,  of  the  Rocky  Mountain 
mining  districts,  and  of  the  Pacific  Slope,  and  the  general  intro- 
<luction  of  large  electric  plants  for  light,  power,  and  railway  work 
in  almost  every  good-sized  town  in  the  country,  both  boiler  and 
engine  tests  have  become  a  daily  necessity.  And  those  of  us  who 
have  to  deal  with  the  abundant,  free-burning,  but  low-grade 
coals  of  the  Mississippi  Yalley,  the  lignites  of  Colorado,  and  the 
light  coals  of  the  Pacific  Slope,  are  fully  convinced  that  the 
pound  of  combustih)le,  made  the  basis  of  comparison  in  boiler  tests, 
is  not  only  of  no  value,  but  is  positively  misleading.  There  is  a 
vast  difference  in  the  amount  of  losses  due  to  impurities  of  the 
coal  l>etween  Cumberland  or  Youghiogheny  coal,  showing  from 
4  to  6  per  cent,  of  ash,  and  those  that  we  have  to  reckon  with 
when  wo  are  Imrning  Illinois  coal,  running  from  10  to  18  per 
cent,  of  ash,  as  also  between  anthracite  with  80  per  cent,  of  fixed 
carl>on  and  4  ])er  cent,  of  volatile  matter,  or  with  lignites  having 
30  per  cent,  of  fixed  carbon  and  38  to  40  per  cent,  of  volatile 
matter.  The  d(Mluction  of  the  ash  does  not  cover  the  ground  for 
sevonil  practical  reasons.  There  are  many  Western  coals  with 
which  practice  shows  it  to  be  necessary  to  clean  fires  every  three 
hours,  and  it  requires  the  utmost  skill  in  the  fireman  to  prevent 
loss  of  goo<l  coal  or  half-burnt  coke  in  pulling  out  the  clinkers. 
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Many  automatic  devices  which  do  well  on  the  richer  Eastern 
coals  have  entirely  failed  when  applied  to  AYestern  coals.  I  have 
seen  some  of  them  which  gave  admirable  results  in  combustion 
and  evaporation  for  a  few  hours,  but  when  the  fires  had  to  be 
cleaned  the  labor  was  akin  to  that  required  in  handling  a  puddling 
furnace,  and  all  the  good  results  of  three  hours  of  fine  combustion 
were  lost  daring  five  or  ten  minutes  consumed  in  cleaning. 
JSTot  only  the  quantity  of  the  ash  and  clinkers,  but  their  physical 
and  chemical  condition,  affect  this  question.  A  huge  mass  of 
clinker  drawn  out  at  a  red  heat  means  a  direct  loss  of  a  larg^e 
quantity  of  heat  which  has  been  absorbed  by  this  clinker,  and  can 
in  no  manner  be  returned  to  the  furnace.  Another  source  of  loss 
is  in  the  passage  of  a  large  quantity  of  cold  air  over  the  fire  during 
the  four  to  six 'minutes  necessarily  consumed  in  cleaning,  with 
the  fire-doors  wide  open.  After  this  there  is  generally  a  period 
during  which  the  thin  fires  are  being  re-ignited,  when  the  temper- 
ature of  the  furnace  is  necessarily  reduced  and  more  air  than 
required  for  combustion  passes  through  this  thin  body  of  fire, 
causing  a  reduction  of  the  furnace  temperature.  The  greater 
quantity  of  ash  and  soot  formed  by  these  bituminous  coals,  with 
an  excess  of  volatile  matter,  will  necessarily  affect  the  condition 
of  the  heating  surfaces  more  than  the  much  smaller  quantity 
resulting  from  the  combustion  of  Cumberland  or  anthracite  coal. 
In  order  to  burn  the  combustible  portion  of  this  volatile  matter  a 
very  high  furnace  temperature  is  necessary,  and  unavoidably  the 
non-combustible  portion  must  be  raised  to  the  same  temperature. 
This  again  absorbs  heat  which  might  otherwise  be  made  available 
in  making  steam.  For  these  reasons  a  slow  or  moderate  combus- 
tion of  these  coals  is  impracticable,  and  in  some  cases  even 
impossible.  We  have  to  deal,  therefore,  with  higher  tempera- 
tures, resulting  in  greater  losses  by  radiation  through  walls  and 
fire-fronts,  and  by  reason  of  higher  stack  temperature.  All  these 
causes  combine  to  make  it  impossible  to  realize  as  high  a  percent- 
age of  the  fuel  value  of  the  coal  as  can  be  done  by  the  same 
boiler  with  the  same  furnace  and  the  same  skill  in  handling 
from  coals  richer  in  fixed  carbon  ;  and  I  do  not  see  how  Mr. 
Dean's  substitution  of  the  percentage  of  the  calorific  value  in  the 
combustible  for  the  percentage  of  that  in  the  whole  coal  will 
help  the  matter.  There  is  another  reason  why  the  pound  com- 
bustible is  a  bad  element  to  introduce  into  a  boiler  test.  Sup])ose 
the  man  handlinof  a  certain  boiler  finds  during  the  first  hour  or 
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two  tliat  ho  is  falling  behind  his  guarantee.     If  his  guarantee  is 
basetl  on  the  pound  of  actual  coal,  his  only  recourse  is  the  utmost 
care  and  skill   during  the   remainder    of   the   test ;    but   if   his 
o-uarantee  be  based  on  the  pound  combustible,  there  is  a  large 
loophole  o])en   of  which  poor  human  nature  will   readily  avail 
itself.      It  is  only  necessary  to  pull  out  a  good  quantity  of  half- 
burnt   coal    with   the   clinkers    and   ashes,   thus   increasing  the 
percentage   of    ash,   and   decreasing   by  an   equal   amount   the 
apparent  number  of  pounds  of  combustible  consumed  during  the 
test.     I  have  known  cases  where,  in  the  test  of  two  rival  boilers 
usino-  the  same  coal  from  the  same  mine  and  the  same  carload, 
the  percentage  of  ash  in  the  one  was  considerably  greater  than 
in  the  other.     The  result  was  that  the  one  showed  a  better  result 
|->er  pound  of  coal,  the  other  a  better  result  per  pound  of  combus- 
tible.    Which  was  the  better  boiler  for  the  steam  user,  who  buys 
coal  with  the  ash  in  it,  and  which,  therefore,  should  the  conscien- 
tious eno-ineer  recommend  ?    I  beheve  with  Professor  Potter  that 
a   new  and  larger   committee   than  the  former   one   should  be 
instituted  for  revising  the  Code  of  Kules  for  Boiler  Tests.      As 
the  work  of  the  first  committee  was. so  well  done,  with  the  light 
then  available,  I  believe  they  should  be  made  members  of  this 
committee.     To  them  should  be  added  enough  others  to  repre- 
sent all  the  great  coal  basins  which  supply  our  industrial  demand. 
Such  a  committee  should  establish  five  or  more  standard  coals, 
lepresenting  these  different  districts,  and  on  these  coals  tests  of 
boilers  for  important  public  works  or  large  industries  should  be 
made.     The   public  will  be  quick  to  see  the  advantage  which  a 
comparison  of  boilers   under  the  actual  conditions   of  the  best 
practice  for  each  district  would  give ;  and  it  would  not  be  long 
before  engineers  could  deduce  fair  approximate  comparisons  of 
th<!  best  performances  on  these  different  coals,  applicable  to  all 
districts. 

Mr.  C.  V.  7im'.— This  criticism  by  Mr.  Dean  is  timely  and 
should  result  in  revision  of  present  methods  of  judging  the  per- 
formance of  boilers.  To  be  of  general  service,  boiler  tests  should 
bc!  conij)arable,  but  they  can  scarcely  be  justly  so  under  present 
pnictice. 

I  would  suggest  that  for"  combustible,"  in  the  proposed  formula 
for  boiler  efficiency,  "  dry  coal  "  should  be  substituted  when  coal 
is  the  fuel.  The  usual  oxygen  calorimeters  will  give  the  heating 
power  directly  in  terms  of  dry  coal,  the  amount  of  moisture  pres- 
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ent  being  determined  while  preparing  the  sample  for  the  calorim- 
eter. The  ^Yeight  of  ash  may  be  found  either  from  the  residue  in 
the  calorimeter  or  by  proximate  analysis.  But  the  weight  of 
combustible,  as  determined  by  the  boiler  test  itself,  would  usually 
be  smaller  than  that  calculated  from  per  cent,  of  ash  thus  found, 
on  account  of  the  formation  of  clinker  in  the  boiler  furnace.  The 
resulting  boiler  efficiency  will  then  be  too  high.  On  the  other  hand, 
it  may  be  objected  that  the  ''  dry  coal "  basis  will  make  the  fireman 
a  part  of  the  plant  and  a  factor  in  the  efficiency.  The  effect  cer- 
tainly will  be  to  encourage  firing  to  the  best  advantage.  But 
really  is  not  skill  in  securing  complete  combustion  of  fuel  more 
desirable,  both  from  ethical  and  commercial  standpoints,  than  that 
which  is  chiefly  concerned  with  picking  unburnt  coal  from  a  mass 
of  cinders  and  ashes  ?  I  should  say  that  the  best  method  of  boiler 
testing  will  be  that  which  takes  no  account  of  the  weight  of  ashes 
formed,  except  as  a  matter  of  interest. 

Further,  if  we  are  to  measure  efficiency  by  the  ratio  of  heat 
utilized  to  heat  supplied,  as  it  should  be  measured,  why  not  meas- 
ure the  horse-power  of  the  boiler  in  a  similar  way  ?  The  boiler 
horse-power  now  in  use,  30  pounds  of  water  per  hour  from  100 
degrees  feed  to  TO  pounds  gauge,  is  equivalent  to  33,305  British 
thermal  units,  more  or  less,  depending  on  the  steam  tables  used 
in  calculation.  Then,  suppose  we  take  33,000  British  thermal 
units  per  hour  as  the  measure  of  a  boiler  horse-power.  We  will 
then  have,  from  any  given  boiler  test, 


E  —  ^T-rr  and  B  — 


in  which 


CJJ  33,000r 

E=  efficiency  of  boiler. 

B  =  boiler  horse-power. 

H  =  heat  per  pound  of  steam  formed. 

iS  ~  weight  of  steam  formed. 

G  —  weight  of  dry  coal  used. 

TJ  —  heat  units  per  pound  of  dry  coal. 

The  value  of  B^  thus  found,  would  be  slightly  larger  than  by 
present  rules,  but,  as> engines  are  growing  more  economical  of 
steam,  the  fact  may,  with  propriety,  be  recognized  in  affirming 
the  power  of  a  given  boiler.  Under  these  formulas  the  engineer 
would  need  to  determine  (1)  the  heating  power  of  fuel  and  the 
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woiijht  used,  and  (2)  the  weight  of  steam  formed  and  its  quality. 
Other  data  might  be  of  interest,  but  the  above  would  suffice  to 
fix  the  efficiency  and  power. 

Prof.  Jas.  E.  Denton. — To  be  able  to  reduce  the  performance  of 
a  boiler  with  any  one  fuel  to  its  equivalent  in  terms  of  some  other, 
or  some  standard  fuel,  is  unquestionably  an  important  desideratum  ; 
and,  so  far  as  Mr.  Dean's  paper  aims  to  project  an  inquiry  as  to 
the  feasibihty  of  establishing  acceptable  rules  for  this,  I  am 
heartily  in  favor  of  its  ideas. 

The  prevalence  of  the  results  of  tests  of  performance  in  com- 
mercial transactions  with  boilers,  and  the  fact  that  determinations 
of  the  heating  power  of  fuels  by  the  use  of  the  oxygen  calorimeter 
is  rapidlv  becoming  a  regular  factor  in  boiler  tests,  makes  it 
probable  that  a  review  of  the  Boiler  Committee's  rules  in  the 
near  future  will  improve  their  usefulness.  I  do  not  think,  how- 
ever, that  the  question  of  compensating  for  the  difference  in  qual- 
ity of  all  grades  of  coals  can  be  exactly  reduced  to  the  simple 
formula  which  Mr.  Dean  calls  ''  efficiency." 

If  in  a  boiler  furnace  the  percentage  of  ashes  was  the  same 
as  that  obtained  by  analysis,  or  in  an  oxygen  calorimeter,  his 
formula  would  apply  as  proposed,  but  the  actual  ashes  commonly 
largely  exceeds  this  percentage  by  an  amount  representing  the 
partially  consumed  coal,  which  may  differ  with  the  same  fuel  in 
successive  tests.  Unless,  therefore,  the  heat  obtained  by  analysis, 
or  calorimeter,  is  discounted  properly,  to  allow  for  the  difference 
between  the  practical  ash  and  the  analysis  ash,  respectively,  the 
value  given  by  the  formula  in  the  paper  is  greater  than  the  true 
efficiency. 

In  order  to  arrive  at  practical  rules  on  the  subject,  I  believe 
we  must  adopt  some  standard  fuels  for  different  classes  of  prac- 
tice, and  determine  by  experiment  the  relation  for  these  fuels 
tjetween  the  heat  available  by  calorimeter  or  analysis  and  by  use 
under  boilers,  respectively.  Under  this  belief  we  are  just  putting 
into  use  at  Iloboken  the  following  apparatus  : 

It  consists  of  a  vertical  boiler  (Fig.  276),  in  which  we  propose 
to  obtain  the  calorific  power  of  the  coals  by  burning  them  in  the 
ordinary  way  and  at  the  various  rates  of  combustion.  In  this 
boiler  we  have  a  grate  which  is  mounted  so  that  it,  together  with 
all  the  coal  and  ashes  fed  up  to  any  time,  can  be  weighed  accu- 
nitely,  and  thereby  the  exact  combustible  for  any  interval  deter- 
mined. 
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To  Gas  Analysis 
Apparatus 


IIBI 


Anemometer 


AM.eANKNaTlCO.,N.r. 


Fig.  276. 


We  have  the  grate  A  mounted  over  an  upright  C34inder  C, 

which  receives  the  ashes  or  coal   dropping   through    the   grate. 

This  cyhnder  joins  into  a  box,  the  side  view  of  which  is  D,  and 

the  plan  of  which  is  Z>',  connected  with  the  pipe  I{.     All  the  air 
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which  o-oes  to  the  grate  passes  through  the  pipe  K.  To  determine- 
the  amount  of  air  passing  through  the  grate  we  analyze  it,  and 
also  measure  it  by  means  of  an  anemometer. 

The  (piahty  of  the  steam  is  determined  by  throtthng  the 
whole  amount  of  steam  generated  by  the  boiler  through  the 
drum  O. 

To  determine  the  temperature  of  the  flue  gases,  we  use  a 
Uehling  cfe  Steinbart  pyrometer,  which  gives  very  accurate  re- 
sults for  any  temperature  up  to  2,000  degrees  Fahrenheit. 

Prof.  D,  S.  Jacobus. — It  is  recommended  in  the  paper  that  the 
efficiency  of  a  boiler  be  made  the  basis  of  comparison.  If  this  is 
done  the  exact  method  of  calculating  the  efficiency  should  be 
s|x?'citie<.l.  as  there  may  be  a  considerable  variation  depending  on 
the  way  the  result  is  arrived  at. 

There  may  be  a  difference  of  opinion  in  regard  to  what  allow- 
ance, if  any,  should  be  made  for  the  moisture  produced  by  the 
hydrogen  in  the  coal  and  for  the  hydroscopic  moisture  in  the 
coal.  If  the  coal  contains,  say,  five  per  cent,  of  hydrogen,  we  will 
have  about  -15  per  cent,  of  moisture  due  to  its  presence  escaping 
up  the  chimney,  and  the  latent  heat  in  this  moisture  is  not  avail- 
able. Now,  the  query  is.  Should  we  deduct  the  latent  heat  of 
such  moisture  in  calculating  the  total  heat  used  in  determining 
the  efficiency,  or  should  we  include  it?  If  we  include  it  we  must 
use  the  calorific  power  which  is  given  by  the  Mahler,  or  other, 
calorimeters,  where  such  moisture  in  the  products  of  combustion 
is  condensed  in  the  calorimeter  or  allowed  for  by  calculation  ; 
whereas,  if  we  deduct  it,  the  query  is.  How  are  we  going  to  make 
thf^  pro|>er  allowance  ? 

It  appears  to  me  that  the  proper  way  to  do  would  be  to  take 
the  total  heat  of  the  coal,  including  all  the  heat  which  is  latent  in 
the  water  va])or,  and  then  deduct  the  heat  which  goes  up  the 
stack  in  the  form  of  latent  heat  and  in  the  form  of  specific  heat, 
in  IxHh  the  hydroscopic  moisture  and  that  produced  by  the 
hydrogen,  because  if  this  is  not  done  a  coal  of  a  given  calorific 
pfiwer  would  be  more  favorable  to  the  boiler  if  it  contained  very 
little  hydrogen  than  it  would  if  it  contained  a  large  amount  of 
hydrogen. 

Thi.s  question  has  already  come  up  in  practical  tests,  in  which 
there  was  a  guarantee  of  efficiency,  and  there  was  a  difference  of 
several  thousjinds  of  dollars  according  to  which  way  the  efficiency 
was  calculat^-d.     If  the  efficiency  standard  is  recommended,  there- 
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fore,  all  such  questions  should  be  carefully  weighed,  and  specific 
instructions  should  be  given  so  that  there  could  be  no  question 
raised  in  regard  to  the  method  of  computation. 

The  heating  power  obtained  from  a  calorimeter  which  is  perfect 
in  its  action  would  be  more  exact  than  that  calculated  from  the 
analysis  of  the  coal,  because  in  calculating  the  heating  power 
from  the  analysis  the  heat  of  combustion  of  some  of  the  elements 
depends  on  the  way  in  which  they  are  combined  in  the  coal.  The 
only  way  to  find  out  the  heating  power  is  to  make  exact  experi- 
ments with  a  calorimeter  on  the  grades  of  coal  in  question,  after 
which  a  formula  might  be  made  for  calculating  results  from  the 
analysis,  which  would  agree  with  the  experimental  results.  In 
commercial  work  it  would  be  well  to  make  an  analysis,  and  check 
the  ordinary  calorimeter  results  by  calculating  the  heating  power 
by  means  of  such  a  formula.  An  analysis  of  the  coal  is  also 
necessary  in  determining  the  latent  heat  of  the  vapor  in  the  prod- 
ucts of  combustion. 

It  would  be  unwise  to  change  the  standard  of  the  boiler  horse- 
power from  34:^  to  35,  as  is  recommended  in  the  paper,  because 
there  is  now  a  number  of  tests  in  which  the  horse-power  is 
calculated  on  the  34^  basis,  and  if  such  a  change  were  made  it 
would  produce  a  needless  confusion. 

Furthermore,  the  etiiciency  per  pound  of  coal,  and  not  the 
eflBciency  per  pound  of  combustible,  should  be  used  if  we  wish  to 
obtain  what  mio^ht  be  called  the  commercial  efficiencv  of  a  boiler; 
for  the  reason  that,  if  we  calculate  the  eflBciency  per  pound  of 
coal,  we  bring  in  the  eflBciency,  or  inefficiency,  of  the  grate,  and 
the  efficienc}^  of  the  grate  is  as  much  a  factor  from  an  economical 
standpoint  as  the  eflBciency  of  the  boiler  itself.  The  eflBciency  per 
pound  of  combustible  represents  the  eflBciency  of  the  boiler  as  an 
absorber  of  heat,  if  proper  allowance  is  made  for  the  difference 
in  the  calorific  power  of  the  combustible  which  is  burned  and 
that  which  falls  throuoli  the  o^rate — and  does  not  include  the 
eflBciency  of  the  grate. 

Mr.  Wm.  H.  Bryan. — I  quite  agree  with  Mr.  Dean  that  the 
Society  should  establish  certain  standard  coals — say,  four  or  five 
well-known  types — selecting  the  highest  grade  known  in  each  sec- 
tion of  the  countrv. 

We  should  also  reach  a  more  definite  understanding  as  to  the 
moisture.  I  do  not  favor  drying  on  the  smoke  flue,  as  that  may 
drive  oflp  some  of  the  characteristic  moisture  :  we  Avant  to  o-et  rid 
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of  only  the  "  accidental "  moisture,  and  that  can  be  done  by  sim- 
ple air  drying. 

It  seems  to  me,  also,  that  we  should  discontinue  the  use  of  the 
term '"combustible,"  which  is  now  worse  than  misleading.  Con- 
servative engineers  have  long  since  ceased  to  place  any  particular 
vahie  upon  results  so  stated.  The  Society  should  give  its  sanction 
to  the  statement  of  boiler  performance  in  percentage  of  "  Effi- 
ciencv,"  which  plan  is  now  coming  into  such  wide  adoption. 
Here  I  must  differ  from  Mr.  Dean,  as  I  should  again  discard  the 
tei'm  '"  combustible."  and  compare  the  heat  usefully  absorbed 
from  one  pound  of  coal  with  the  heat  value  of  a  pound  of  the 
same  coal.  Let  us  abandon  the  term  '^  combustible  "  altogether. 
It  is  as  misleading  here  as  elsewhere. 

It  must  be  remembered,  however,  that  the  term  "  efficiency " 
does  not  tell  the  whole  story,  for  the  same  boiler  under  identical 
conditions  will  var}^  in  efficiency,  depending  upon  the  character  of 
the  coal  used.  As  a  rule,  the  efficiency  will  decrease  with  the 
amount  of  fixed  carbon  shown  by  the  analysis.  This,  as  already 
stated,  makes  it  necessary  to  establish  certain  standard  coals  for 
different  parts  of  the  country.  The  computing  of  efficiency  neces- 
sitates, of  course,  the  determining  of  the  heat  value  of  the  coal 
in  every  case.  Personally,  I  prefer  an  experimental  determina- 
tion by  calorimeter,  the  coal  having  been  previously  carefully 
sampled.  I  cannot  agree  with  Mr.  Barrus,  however,  that  this 
should  be  done  by  the  engineer  on  the  ground.  It  is  more  strictly 
the  work  of  a  chemist,  and  can  be  done  much  better  in  the  labor- 
atory. I  see  no  reason  why  we  should  not  place  as  much  depend- 
ence on  the  work  of  a  skilled  chemist  as  we  do  on  that  of  any 
assistant  on  the  work.  Samples  should,  of  course,  be  well  cared 
for,  and  delivered  to  the  chemist  with  the  least  possible  delay. 

I  am  not  ready  to  endorse  Mr.  Dean's  suggestion  that  the 
commercial  liorse-power  unit  be  changed  from  34J  to  35  pounds 
water  from  and  at  212  degrees  per  hour.  The  first-named  figur-e 
ha.s  now  become  well  established  and  generally  accepted.  If  any 
change  is  made,  let  it  b(;  in  the  direction  of  a  considerable  lower- 
ing of  the  unit,  in  order  to  harmonize  with  the  reduced  water 
rates  now  common  among  improved  types  of  engines,  which  are 
now  coming:  into  such  creneral  use. 

I  am  lieartily  in  favor  of  an  immediate  revision  of  the  Society's 
c'o<Je  and  form  of  repr>rting  boiler  tests.  So  far  as  possible,  the 
members  of  the  Soci(;ty's  committee  of  1886  should  serve,  together 
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with  a  liberal  sprinkling  of  engineers  from  other  parts  of  the 
country.  I  take  pleasure,  therefore,  in  seconding  Mr.  Dean's 
resolution. 

Prof.  R.  C.  Cmyenter. — The  general  proposition  made  by  Mr. 
Dean,  that  a  revision  of  the  standard  method  of  testing  boilers  is 
required,  may,  no  doubt,  be  true.  It  is  a  fact,  I  think,  that  most 
testing  engineers  have,  for  some  time,  been  in  the  habit  of  deter- 
mining the  efficiency  of  the  boiler  by  methods  similar  to  that  sug- 
gested by  Mr.  Dean,  except  that  the  computation  is  to  be  made  by 
coal  burned  rather  than  combustible.  At  least  this  has  been  the 
practice  with  us,  and  I  submit  a  form  of  blank  for  reporting  tests, 
which  we  have  used  for  some  years,  and  which  differs  from  the 
standard  form  principally  in  addition  of  blanks  for  efficiency. 

In  Mr.  Dean's  remarks  regarding  the  method  of  determining 
the  fuel  value  of  coal,  he,  in  mv  opinion,  attributes  too  much 
value  to  the  analysis.  It  is  quite  true  that  the  fuel  value  of  a  coal 
may  be  calculated  Yevy  accurately  if  a  complete  chemical  analy- 
sis, giving  all  the  constituents  of  the  volatile  matter,  is  made ;  but 
I  think,  on  the  other  hand,  that  the  ordinary  approximate  analy- 
sis, which  simply  shows  the  relative  amounts  of  fixed  carbon,  of 
volatile  matter,  ash,  and  sulphur,  is  of  no  value  for  determinations 
of  this  sort.  The  writer  has  given  a  paper,  to  be  read  later  at  the 
session,  which  gives  a  large  number  of  proximate  analyses  of  coals 
in  such  form  as  may  be  readily  compared  with  the  heating  values. 
By  a  study  of  that  table  it  will  be  seen  that  for  the  anthracite 
coals  the  heating  value  is  nearly  proportioned  to  the  fixed  carbon, 
but  for  the  bituminous  coals  the  writer  can  determine  no  relation 
between  the  heat  value  and  the  elements,  as  determined  by  proxi- 
mate analysis.  The  reason  for  this  is  due  entirely  to  the  varvino^ 
composition  of  the  volatile  matter  in  various  coals.  This,  in  some 
cases,  is  largely  hydrocarbon,  and  more  valuable  than  fixed  car- 
bon ;  in  others  it  contains  a  large  amount  of  nitrogen  and  oxygen, 
and  is  of  no  value  whatever  for  fuel  purposes. 

A  complete  chemical  analysis,  giving  the  composition  of  the 
volatile  matter,  is  a  difficult  and  expensive  one  to  make,  and 
almost  outside  the  province  of  the  engineer ;  for  this  reason  the 
writer  thinks  a  calorimetric  determination  will  in  every  case  need 
to  be  made,  althouo^h  much  information  of  value  is  to  be  obtained, 
in  every  case,  from  the  proximate  analysis. 

A  determination  of  the  composition  of  the  escaping  gas,  pro- 
vided the  samples  are  well  selected,  will  prove  of  very  much  value 
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in  providing  in  format  ion  regarding  the  operation  of  the  furnace 
anil  the  work  of  the  fireman.  It  affords,  so  far  as  the  writer 
knows,  the  only  means  of  judging  the  work  of  the  fireman,  in 
such  a  riianner  that  it  can  be  compared  with  a  definite  or  numer- 
ical standard. 


MECHANICAL  LABORATORY— SIBLEY   COLLEGE. 
Report  of  Boiler  Test. 

Made  bv 

N.  Y., 189 

Kind  of  boiler Manufactured  by 

Duration  of  trial hours. 


Grate  surface,  length   . 

Water-heating  surface 

Superheating  surface 

Area  for  draught  (calorimeter). 

Area,  chimney 

Height,  chimney 

Ratio  healing  to  grate  surface 
Ratio  air  space  to  grate  surface 


Dimensions. 
ft.,  width ft. 


Pressure. 


Ban^meter 

Steam  gauge 

Draught  gauge   

Absolute  steam  pressure. 


Temperature. 


External  air. 
Boiler  room . 

Flue 

Furnace. . . . 
Fe«i  water 
Steam 


Fuel. 


Total  Cf»al  consumed. 
Moi«tur»'  in  roal.  ,  .  . 
Dry  coal  ronMunied 
Total  refn.se,  dry 
Total  refuHC,  dry   .  . 
Total  combustible. . . 


sq.  ft. 
sq.  ft. 
sq.  ft. 
sq.  ft. 
sq.  ft. 
ft. 


In.  mer. 

lbs. 

In.  wat'r 

lbs. 

deg. 

F. 

deg. 

F. 

deg. 

F. 

deg. 

F. 

deg. 

F. 

deg. 

F. 

lbs. 

per  ( 

cent. 

lbs. 

lbs. 

per  ( 

cent. 

lbs. 
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Fuel,  per  Hour. 

Dry  coal,  per  hour lbs. 

Combustible,  per  hour lbs. 

Dry  coal ,  per  square  foot  of  grate lbs. 

Combustible,  pe'r  square  foot  of  grate ,  lbs. 

Dry  coal,  per             "             "        "     He't  sur. 

Com.bustible              "             "        "     **      " 

Quality  of  steam per  cent. 

Superheat ...  deg. 

Total   Water. 

Total  weight  water  used lbs. 

(by  meter) cu.  ft. 

Total  evaporated,  d ry  steam lbs. 

Factor  of  evaporation *. 

Total  from  and  at  212  degrees lbs. 

Water,  per  Hour. 

Amount  used lbs. 

Evaporated,  dry  steam lbs. 

Evaporated  from  and  at  212  degrees lbs. 

Evaporation. 

Actual,  per  pound  of  fuel lbs. 

Equivalent  from  and  at  212  degrees,  per  pound  of  fuel. . .  lbs. 

Actual,  per  pound  of  combustible lbs. 

Equivalent  from  and  at  212  degrees,  per  pound  of  com- 
bustible   lbs. 

Actual,  per  square  foot  heating  surface  per  hour lbs. 

Equivalent  from  and  at  212  degrees,  per  square  foot  heat- 
ing surface  per  hour lbs. 

Evaporation,  per  hour. 

Actual,  from  feed-water  temperature,  per  square  foot  of 

grate lbs. 

Equivalent  from  and  at  212  degrees,  per  square  foot  of 

grate lbs. 

Actual,  per  square  foot  of  water  heating  surface lbs. 

Equivalent  from  and  at  212  degrees,  per  square  foot  of 

water  heating  surface lbs. 

Actual,  per  square  foot  of  least  draught  area lbs. 

Equivalent  from  and  at  212  .degrees,  per  square  foot  of 

least  draught  area lbs. 

Note. — Actual  evaporation  signifies  the  evaporation  from  feed-water  temper- 
ature TO  dry  steam  at  gauge  pressure.  It  is  apparent  evaporation  corrected  for 
calorimeter  determination. 
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Horse-power. 

*  On  basis  344  pounds  equivalent  evaporation,  per  liour. . .  H.  P. 

Builders''  rating H.  P. 

Ratio  of  commercial  to  builders'  rating 

Heat  generated  per  hour B.  T.  U. 

Heat  absorbed  per  hour B.  T.  U. 

Efficiency  of  boiler per  cent. 

Efficiency  of  furnace per  cent. 

I  need  only  I'efer  to  one  thing  further,  and  that  is  to  say  in 
regard  to  the  change  of  the  standard  form  of  reports  that  it 
seems  to  me  the  remarks  made  by  Mr.  Dean  are  very  good,  but 
I  think  it  would  be  a  great  mistake  to  change  our  standard  of 
boiler  hoi^e-power,  because  it  has  become  so  very  well  fixed  and 
been  so  universally  adopted.  The  addition  of  certain  results 
which  would  show  the  efficiency  of  the  boiler  is,  it  seems  to  me, 
a  very  desirable  thing,  and  is  now  often  practised. 

Mr.  George  I.  Bockwood. — The  figure  of  chief  interest  in  the 
report  of  a  boiler  test  used  to  be  the  ratio  of  water  evaporated  to 
coal  bui'ned.  Later  it  was  seen  that  serious  injustice  might  be 
occasioned  if  comparisons  of  the  economy  of  different  boilers, 
located  in  different  sections  of  the  country,  were  made  on  such  a 
simple  basis  by  reason  of  the  variable  quantity  of  ash  and  moisture 
which  different  coals  contain ;  and  the  committee  of  the  Society 
has  advised  consequently  that  in  all  boiler  tests  which  were  re- 
jKjrted  to  the  Society  the  ratio  of  evaporation  to  combustible 
burned  should  be  given,  in  order  that  proper  comparative  values 
of  different  boilers  might  be  made.  Since  the  committee's  rules 
were  presented  to  the  Society,  so  much  light  has  been  thrown,  as  a 
result,  on  the  subject  of  comparative  values  of  different  elements 
in  the  complete  boiler  that  it  is  now  realized  that  the  evapora- 
tion per  pound  of  combustible  is  a  very  difficult  matter  to  de- 
termine correctly,  complicated  as  it  is  by  questions  as  to  the 
amount  of  moisture,  ash,  oxygen,  efficiency  of  furnace,  etc.,  and 
Mr.  T^ean's  paper  is  timely  in  concentrating  attention  on  the 
d«;ficiencies  of  the  rules. 

At  the  stime  time,  all  this  seems  to  me  to  but  emphasize  the 
futility,  instead  of  the  advisability,  of  including  in  a  written  con- 
tract a  guarantee  of  "  efficiency  "  as  defined  by  Mr.  Dean,  or  a 
clau.se  stating  that  the  committee's  rules  are  to  be  followed  by 
purchasers  in  determining  the  efficiency. 

*  Standard  commercial  H.  P. 
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Reports  to  this  Society  on  the  performance  of  boilers  are  one 
thing  and  have  one  purpose — namely,  the  instruction  of  its 
members  in  the  science  of  boiler  construction  and  operation — 
while  a  report  to  a  works  manager  is  quite  a  different  thing, 
having  for  its  object  simply  to  inform  the  manager  as  to  whether 
a  contract  has  been  performed  or  not,  or,  at  most,  to  inform  him  as 
to  which  class  of  fuel  is  the  least  expensive  for  him  to  buy.  He 
buys  fuel,  not  heat.  Fuel  can  be  weighed,  but  heat  can  only  be 
measured  correctly  by  means  of  the  most  delicate  and  complicated 
laboratory  experiments,  even  if,  by  good  luck,  a  sample  of  the 
coal  be  secured  for  laboratory  treatment  which  fairly  represents 
the  coal  which  was  burned  during  the  tests. 

I  am  not  suggesting  that  Mr.  Dean's  definition  of  ''  efficiency  " 
is  inaccurate  or,  in  its  conception,  unfair  to  the  purchaser  or  seller 
of  boilers  ;  but  the  point  I  would  urge  is  that  in  most  contract 
tests  the  difficulty  of  attaining  reasonable  accuracy  in  determining 
the  heat  efficiency  of  a  boiler  or  a  furnace  is  insuperable,  and 
hence  the  practice  of  trying  to  find  it  may  lead  to  quackery  and 
the  spread  of  misinformation.  Therefore,  the  thing  for  this 
Society's  committee  to  do,  it  seems  to  me,  in  view  of  the  meaning- 
lessness  of  the  ratio  per  pound  of  comhustihle,  is  to  advise,  for 
general  contract  tests,  a  return  to  the  original  simplicity  of  weigh- 
ing the  water  and  the  coal — and  the  moisture  in  the  steam,  if 
you  can  ! 

Let  the  Societv  recoo^nize  that  contract  tests  must  be  based,  not 
on  ideal  intellectual  condition  and  methods,  but  on  the  practical 
limitations  surrounding  the  average  boiler  test.  A  reform  in 
this  matter  would  indeed  be  worked  if  guarantees  were  to  be 
based  on  the  evaporative  effect  of  a  pound  of  that  particular  kind 
of  fuel  which  the  purchaser  has  got  to  use,  for  the  use  of  which 
the  furnace  is  designed,  and  which  the  seller  has  the  right  and  the 
duty  to  examine  before  a  contract  is  drawn. 

Mr.  Bohert  W.  Hunt. — Mr.  Dean  has  called  attention  to 
several  points  which  are  most  important,  and  which  clearh^  need 
remedying.  It  seems  as  if  a  boiler  could  be  guaranteed  to  give 
any  desired  efficiency,  and  if  not  obtained  on  the  test  a  com- 
promise will  be  made  and  the  test  suppressed  ;  but  the  fact  that 
the  guarantee  was  made  is  used  for  advertising  purposes,  much  to 
the  discomfiture  of  the  more  honorable  boiler-maker. 

During  the  past  three  years  Eobert  W.  Hunt  &  Co.  have 
been  called  upon  to  make  a  great  many  boiler  tests,  especially  to 
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<leteriiiine  whether  or  not  some  patent  smokeless  furnace,  or  pat- 
ent setting,  fiiltilleil  the  guarantee  under  which  it  was  attached 
to  the  l)oilei's.  Nearly  all  the  prominent  devices  have  been  tested 
bv  us,  and  a  comparison  of  the  results  gives  us  data  which  are  very 
intei-esting. 

It  is  ti-ue  that  our  tests  have  not  had  as  fine  a  theoretical  polish 
iis  some,  but  accuracy  has  been  observed  to  the  highest  degree, 
and  wo  have  tried  to  nuike  them  under  as  nearly  ordinary  Avork- 
ing  conditions  as  possible.  Of  what  use  is  a  boiler  to  a  manufac- 
turer, if  it  can  develop  75  per  cent,  efficiency  from  combustible, 
wlien  he  runs  it  in  such  a  way  as  to  obtain  only  50  per  cent.  ^  He 
cannot  buy  combustible,  but  has  to  pay  for  coal,  ash,  moisture,  and 
sulplnu". 

The  theoretical  "  combustible  "  as  obtained  from  the  analysis 
is  of  no  value  to  him  when  his  grates  will  allow  20  per  cent,  of 
the  fuel  to  pass  through.  This  Avould  give  a  high  evaporation 
per  |K>und  of  combustible,  but  the  cost  of  making  steam  would  not 
be  lowered.  Combustible  is  an  extremely  elastic  term  and  a 
dangerous  on(?. 

Tlie  real  and  fundamental  object  of  all  boilers,  leaving  out  safety 
and  adaptability  for  particular  use,  is  to  generate  steam  as 
cheaply  as  possible.  All  other  observations  and  readings  are 
valuable  to  the  student  and  designer,  but  the  owner's  question, 
and  one  wliich  we  hear  almost  daily,  is,  "  How  can  I  generate  my 
steam  for  the  least  money  ?  " 

As  Mr.  Dean  states,  on  many  noted  boiler  trials  it  will  be 
found  that  the  very  best  picked  coal  was  used.  Allowing  an 
evaporation  of  12  pounds  from  and  at  212  degrees,  and  that  the 
cfxil  costs  $4.00  }>er  ton,  or  $4.80  per  ton  delivered  and  placed 
under  tlie  boiler,  the  cost  of  evaporating  1,000  pounds  of  water 
from  and  at  212  degrees  is  20  cents,  and  an  efficiency  of  probably 
abfiut  75  ]H;r  cent,  has  been  obtained.  In  another  case,  within  a 
few  miles  of  the  former,  Illinois  slack  is  delivered  under  the  boilers 
at^lAi)  \)i:r  ton,  and  with  a  horizontal  tubular  boiler  equipped 
with  a  down-draft  furnace  an  evapoiation  of  8.5  pounds  of  water 
from  and  at  21 2  degrees  is  a  regular  occurrence.  This  gives  a  cost 
of  eva|K>rdting  1,000  |>oun(is  of  water  from  and  at  212  degrees  of 
•^^A  cents.  The  cost  of  generating  steam  is  low,  so  also  is  the 
efficiency  :  but  the  owner  prefers  to  have  his  coal  bills  reduced 
♦•ven  if  «'ftici<'ncy  do<*s  sidfcr. 

I  ii^n-i'  iij(,>t   lu.;Mti!v  u'iti,   :vi,..  i)(_..y,  that  a  committee  of  this 
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Society  should  be  appointed  to  revise  the  rules  for  boiler  tests,  and 
I  trust,  if  such  committee  is  appointed,  that  they  will  outline 
an  alternative  method  for  starting  and  stopping  tests.  Our 
experience  has  been  that  much  more  accurate  results  can  be 
obtained  by  a  running  start  than  by  pulling  all  the  fire.  When 
the  fire  is  pulled,  the  brick  work  and  boiler  itself  are  cooled  very 
considerably,  and  the  heat  first  generated  is,  of  course,  used  to 
make  up  this  loss.  At  the  end  of  a  test  the  coal  must  all  be  con- 
sumed, or  we  must  rely  on  the  engineer  to  separate  the  coal  and 
the  ash.  In  the  former  case  we  have  seen  a  test  run  for  half  an 
hour  after  coal  Avas  consumed,  and  mostly  from  the  heated  brick 
work,  the  engineer  closing  up  all  dampers  and  allowing  no  one 
to  open  the  doors.  This  was  clearly  wrong.  In  the  latter  case 
the  dumpings  must  be  wet  to  distinguish  coal  from  refuse.  There 
are  ways  and  methods  for  conducting  a  boiler  test  which  reduce  to 
a  minimum  any  chance  of  error  by  the  honest  engineer  and,  as 
much  as  possible,  any  intentional  fraud. 

The  results  of  a  test  should  be  so  worded  that  an  owner  can 
understand  them  and  appreciate  fully  of  what  vital  importance  it 
is  to  his  interests  to  have  tests  made  frequently  and  with  different 
grades  of  fuel ;  always  with  the  view  of  generating  steam  for  the 
least  money,  and  not  merely  seeking  to  obtain  the  highest  effi- 
ciency 

Mr.  Jos,  C.  Piatt. — I  want  to  thoroughly  endorse  Mr.  Dean's 
recommendation,  because  I  believe  that  we  have  had  so  many 
tests  made  which  do  not  get  at  the  true  facts  which  the  generators 
of  steam  want.  I  cannot  agree  with  Mr.  Eockwood  and  with  ray 
friend  Captain  Hunt  altogether,  because  I  think  if  a  manufacturer, 
a  man  who  is  generating  steam,  knows  that  he  can  get  a  high 
efficiency  out  of  any  fuel,  he  can  apply  that  knowledge  to  the  fuel 
he  uses  afterwards. 

I  heard  last  Friday  of  a  boiler  in  which  the  evaporation  was 
said  to  he  over  13  pounds  and  the  efficiency  over  91,  but  I  do  not 
take  a  great  deal  of  stock  in  that  for  regular  running.  I  know  of 
a  contract  which  is  now  pending  in  which  the  efficiency  required 
is  72  per  cent.  One  of  the  best-known  boiler-makers  in  the 
country  said  to  me  that  he  had  serious  doubts  as  to  any  boiler 
liolding  up  to  72  per  cent,  for  any  great  length  of  time.  I  heard 
this  week  of  a  boiler  test  in  which  for  the  first  six  hours  there 
was  from  600  to  650  pounds  of  coal  used  per  hour  ;  the  last 
eighteen  hours .  of  the  test  there  was  about  850  pounds  of  coal 
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iisotl  |x^r  hour.  The  work  of  the  engine  was  quite  uniform, 
Now,  1  submit  to  any  man  whether  the  first  six  or  the  last  eigh- 
teen houi-s  were,  eithei*  one  of  them,  a  fair  running  test  of  that 
boiler.  Take,  by  contrast,  a  reported  test  of  factory  engines  in 
B«»lfast.  They  ran  a  three-hour  test.  The  steam  consumption  was 
ivmarkablv  low.  By  contrast  with  that  think  of  the  Louisville 
test  of  the  pumping  engine,  one  hundred  and  forty -four  hours  and 
ten  minutes,  and  of  a  week's  test  now  going  on  in  this  city.  An 
evaporative  test  was  made  last  year  at  a  place  where  I  recom- 
mended a  change  in  fuel.  For  twentv-four  hours  this  test  was 
continued,  running  a  small  pumping  engine,  and,  after  the  evapo- 
rative test  was  over,  the  coal  in  the  fire  ran  that  engine  for  five 
hours.  I  would  like  to  know  what  duty  they  got  from  that 
engine  in  those  last  five  hours;  was  it  not  something  like  infinity? 
I  say  this  to  emphasize  one  thought — that  the  committee  ought 
to  s|K?cify  the  time  these  tests  ought  to  run.  A  test  for  three 
houi*s  is  not  a  fair  thing.  Perhaps  one  hundred  and  forty -four 
houi*s  is  longer  than  is  necessary.  Making  a  boiler  test  for 
twenty-four  hours  I  tlo  not  think  is  fair  either.  I  know  of  boilers 
which  will  run  admirably  for  twenty-four  hours,  but  I  do  not  think 
they  would  run  particularly  well  on  the  last  day  of  the  week 
compared  with  the  first.  I  think  whatever  committee  we  appoint 
— and  I  end(ji*se  the  suggestion  that  the  other  committee  ought  to 
be  reap|M>iiited  as  far  as  possible — ought  to  fix  a  reasonably  long 
time  for  this  sort  of  tests. 

I^rnf.  W.  B.  Potter. — Mi*.  Dean  has  done  well  in  calling  atten- 
tion to  the  imperfections  in  the  American  Society  of  Mechanical 
Engin<»ers'  Standard  Code  of  reporting  boiler  trials  and  in  asking 
for  a  revision  of  the  same.  This  code  has  been  especially  valua- 
ble in  lea<iing  engineers  to  adopt  a  more  uniform  and  complete 
methcxl  of  testing  boilers  and  reporting  the  results,  and  in  this 
way  has  done  admirable  service.  It  is,  however,  at  this  date,  crude 
and  imjM,M-f«;ct  in  some  particulars,  and  not  only  leaves  room  for  too 
gn^at  a  variation  in  Mpplicjition.  but  has  evidently  been  the  means 
of  '  hng  many  and  of  dev(;loping  erroneous  ideas  concerning 

ma;..  .^  .m  fundamental  im|)ortance.  Mr.  Dean  has  called  atten- 
tion to  sciuie  of  those,  but  I  cannot  agree  with  his  conclusions  con- 
cerning tiiem,  and,  having  been  asked  to  express  my  views,  I 
venture  Ujxjn  a  few  remarks  upon  some  of  the  points  presented 
in  his  pa)M*r. 

Mr.  \)vAM\  says  very  truly  :  "  liesults  may  be  vitiated  for  com- 
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parison  by  drying  samples  of  coal  for  moisture  allowance,  differ- 
ent lengths  of  time."  His  recommendation  in  order  to  do  away 
with  this  difficulty  is,  however,  one  which  I  trust  will  not  be 
adopted.  It  is  not  only  -quite  inadequate,  but  is  misleading  in 
that  it  introduces  new  complications. 

Coal,  especially  bituminous  coal,  sucb  as  is  generally  used  under 
boilers,  has  two  classes  of  moisture :  First,  what  might  be  called 
characteristic  moisture,  which  is  practically  constant  for  the  same 
coal  in  its  air-dried  condition.  In  some  coals  this  is  not  over 
one  per  cent. ;  others  have  as  high  as  six  or  eight  per  cent.,  while 
coals  of  more  lignitic  type,  such  as  are  common  in  the  far  West, 
have  ten,  fifteen,  and  even  eighteen  or  twenty  per  cent,  l^o  mat- 
ter how  long  the  coal  is  subjected  to  air-drying,  each  coal  re- 
tains its  characteristic  moisture  to  a  practically  constant  degree. 
Second,  there  is,  in  addition  to  this,  the  moisture  that  the  coal 
receives  from  exposure  to  rain,  snow,  mine  water,  or  from  the 
hose  used  to  wet  down  the  coal  in  order  to  keep  down  the  dust 
when  the  coal  is  thrown  into  the  boiler-room.  This  moisture  may 
be  called  accidental  moisture,  and  is  as  variable  in  amount  as^ 
the  characteristic  moisture  is  constant.  If  we  were  to  follow  Mr. 
Dean's  recommendation  of  drying  "  a  well-selected  sample,, 
weighing  six  or  eight  pounds,  six  hours  in  a  clean  pan  placed  on 
the  boiler  flue,"  what  are  likeh^  to  be  the  results  as  regards  these 
classes  of  moisture  and  other  components  of  the  coal?  In  the 
first  place,  what  is  the  temperature  of  the  boiler-flue  on  w^hich  the 
sample  is  to  be  placed  ?  It  may  be  350  degrees  Fahr.,  or  it  may 
be  750  degrees  or  even  more  at  times,  while  500  to  600  degrees- 
will  probably  prevail  much  of  the  time.  Whatever  the  condition, 
of  the  sample,  whether  broken  line  or  in  lumps,  the  coal  will  cer- 
tainly lose  all  of  the  accidental  moisture  in  the  six  hours'  exposure 
on  the  flue,  and  most,  if  not  all,  of  \i^  characteristic  moisture  would 
still  be  retained,  while  in  the  case  of  the  fine  coal,  which  would  be 
more  exposed  to  the  high  temperature,  a  notable  portion  of  the 
volatile  matter  would  be  driven  off.  But  after  this  so-called  dry- 
ing, what  does  the  sample  of  coal  represent  I  It  surely  does  not 
represent  the  coal  actually  used  for  firing  the  boiler  during  the 
test,  nor  does  it  represent  any  normal  or  characteristic  condition 
of  the  coal. 

If  it  is  really  desirable  to  dry  a  sample  of  the  coal  in  order  to 
determine  its  total  moisture,  why  not  perform  the  operation  in 
such  a  Avay  as  to  obtain  an   approximately  reliable  result  ?    For 
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instance,  after  first  weighing  the  coal,  crush,  pass  through  a  No. 
10  scrt^en,  aiul  expose  in  portable  air-chamber  with  thermometer, 
to  <nm\c  in  the  control  of  temperature,  which  latter  should  not  be 
over  ±2i)  de^i^rees  Fahr.  Even  witli  this  care  the  determination 
of  moisture  allowance  could  only  be  approximately  correct,  for  it 
is  obvious  that  the  comparative!}^  small  sample,  however  taken, 
wouKl  Ixj  nuicli  exposed  to  air-drying  and  lose  a  notable,  but 
undeterminetl,  quantity  of  its  accidental  moisture  by  the  time  the 
siimple  was  secured  and  made  ready  for  the  first  weighing.  The 
coal  actually  used  under  the  boiler,  on  the  other  hand,  is  shovelled 
directly  into  the  fire  from  the  large  pile  where  there  is  httle 
chance  for  any  air-drying.  It  must  be  evident,  therefore,  that 
even  with  the  best  intentions  and  most  careful  method  of  deter- 
mining the  total  moisture  in  the  coal  it  is  impossible  to  get  more 
than  a  rough  approximation  to  it.  But,  after  all,  what  value  does 
it  really  have  when  obtained  ?  It  is  only  used  for  correcting  the 
weight  of  coal  employed  in  the  test  to  dry  weights,  and  no  attempt 
is  made  to  correct  for  the  heat  absorbed  in  vaporizing  this  water 
which  has  been  shovelled  into  the  fireplace  with  the  coal.  The  whole 
tiling  is  illogical  and  useless,  and,  worse  than  this,  it  is  misleading. 
The  practice  that  I  have  long  followed  is  to  employ  air-dried  coal 
for  the  test — that  is,  coal  freed  from  its  accidental  moisture,  but 
I«»aving  its  characteristic  moisture  unimpaired.  "With  a  httle  care 
This  is  easily  arranged,  and  jdl  such  useless  and  misleading  correc- 
tions so  called,  as  referi'cd  to  above,  are  done  away  with.  The 
Siimple  of  coal  analyzed  and  tested  by  calorimeter  fairly  repre- 
Hents  the  coal  that  has  been  used  under  the  boiler,  and  data  are 
obtained,  so  far  as  the  coal  is  concerned,  by  which  fair  compari- 
win.s  can  lx»  mad(*.  If,  then,  in  revising  the  code,  the  committee 
would  nxjuire  that  air-dried  coal  be  used  for  the  boiler  test, 
instead  of  corrections  for  dry  coal,  the  case  would  be  simplified, 
and  moir-  j«'li;iii1<.  !'f'sults  would  be  obtained  in  the  way  of  data  of 
boiler  i  • 

This  leiids  me  to  make  another  suo^^estion  in  reference  to  the 

coal  for  boiler  tests.      Certain  coals  should  be  selected  in    the 

districts  and  named  as  standard  coals  to  be  used  in  those 

^  for  all  tests  where  the  merits  of  the  boiler  are  to  be 

«.  .   ...i.nfd.      It  is  not  necessary,  nor  would  it  be  practicable,  to 

have  the  standard  coals  of  similar  characteristics  or  equal  calorific 

vjilue.      It  would  only  be   necessary   to  select    a   coal  for    each 

•ict  that  was  of  reasonably  good  quality,  provided  it  showed 
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but  little  variation  in  quality.  With  such  a  series  of  standard 
coals,  results  of  boiler  tests  could  be  more  readily  compai'ed 
within  each  district,  and  data  could  soon  be  obtained  by  whicli 
results  of  tests  in  one  district  could  safely  be  compared  with  those 
in  other  districts. 

It  is  curious  to  see  what  a  prejudice  remains  in  the  minds  of 
engineers  in  favor  of  that  ancient  fraud,  the  pound  of  combustible. 
Mr.  Dean  in  his  paper  urges  tliat  the  efficiency  of  boilers  be 
based  on  the  combustible,  in  order  to  secure  a  more  reliable 
estimate  and  comparison  of  the  merits  of  boilers.  There  is 
nothing  to  indicate  that  his  idea  of  combustible  differs  from  that 
of  other  engineers  who  are  apparently  so  wedded  to  it ;  namely, 
the  weight  of  any  coal  after  deducting  the  weight  of  ash.  As  a 
matter  of  fact,  this  is  by  no  means  all  combustible,  nor  does  it 
indicate  with  any  degree  of  accuracy  the  true  amount  of  com- 
bustible. All  coals,  especially  of  the  bituminous  class,  contain 
considerable  oxygen,  which  varies  greatly  in  amount  in  different 
coals.  In  the  decomposition  of  the  coal  when  heated,  this 
oxygen  takes  one-eighth  of  its  weight  of  the  hydrogen  and 
together  they  go  off  as  water  (called  combined  water),  heat  being 
absorbed  in  its  vaporization.  The  pound  of  combustible  takes  no 
account  of  this,  except  that  it  fraudulently  assumes  it  as  a  part  of 
itself.  Besides  this  there  is  much  that  is  misleading  in  the  use  of 
data  referring  to  the  pound  of  combustible.  It  is  difficult  to  see 
how  accuracy,  convenience,  or  any  useful  purpose  can  be  pro- 
moted by  the  use  of  such  a  misleading  factor,  and  it  is  greatly  to 
be  hoped  that  revision  of  the  code  will  result  in  the  final  and 
effectual  removal  of  the  pound  of  combustible. 

2fr.  D.  L.  Barnes. — I  am  familiar  with  a  large  number  of  tests 
which  have  been  made  within  a  year,  at  a  certain  railroad  liead- 
quarters,  with  coal  fuels,  and  this  particular  railroad  has  estab- 
lished the  fact  beyond  dispute,  so  far  as  that  road  is  concerned, 
that  there  is  absolutely  no  certain  connection  between  a  chemical 
or  a  combustion  calorimeter  test  of  a  fuel  and  its  practical  oper- 
ation if  the  fuel  is  impure.  The  mechanical  properties  of  fuel 
must  be  considered  ;  and  whatever  this  committee  does,  if  it  is  a 
practical  thing  so  that  it  may  be  useful  not  only  to  the  buyer 
but  to  the  builder  of  boilers,  it  must  take  into  consideration  that 
there  is  something  besides  the  gross  combustible  per  ton  to  be 
considered.  Most  railroads  in  the  West  use  a  great  variety  of 
fuels — not  uniform  fuel  as  is  generally  found  on  Eastern  roads. 
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>i.iiu'  of  thos(»  fuels  contain  twenty  per  cent,  of  ash,  and  twelve 
i>er  cent,  of  moisture.  Kow,  the  presence  of  this  great  amount  of 
foi-ei^^n  matter  renders  it  impossible  to  get  always  practical  meas- 
ures of  the  qualitv  from  a  chemical  analysis  or  a  combustion 
calorimeter.  I  want  to  endorse  all  that  Professor  Jacobus  and 
Professor  Denton  have  said,  and  I  hope  that  the  committee  will 
give  us  a  standard  way  of  testing  fuels  that  have  peculiar 
prn{x^rties. 

Mr.  Gui<tavus  C.  Ilennlng. — It  seems  to  me  that  the  reappoint- 
ment of  this  committee  or  the  appointment  of  a  new  committee 
is  a  very  timely  suggestion  ;  and  in  order  to  cover  the  ground 
more  thoroughly  this  committee  could  also  include  the  use  of 
gases  and  liquid  fuel  in  their  consideration,  and  in  their  recom- 
mendation of  a  standard  form  make  it  so  that  that  can  be  covered, 
which  is  not  now  the  case  ;  it  will  not  occasion  much  difficulty  to 
change  it  to  suit  conditions  of  different  fuels. 

Mr.  William  Kent. — I  believe  that  I  am  the  only  member  of 
the  original  committee  present.  Mr.  Hoadley  died  some  years 
ago,  and  Professor  Thurston,  Mr.  Emery,  and  Mr.  Porter,  the 
other  members  of  the  committee,  are  not  present.  It  seems  to  be 
the  unanimous  feeling  that  the  work  done  by  that  committee  ten 
years  ago  should  be  revised,  and  I,  as  a  member  of  that  committee, 
offer  no  objection  to  the  proposed  revision.  Probably  most  of 
tlie  men  who  have  discussed  this  report  have  little  idea  of  the 
la^xir  undertaken  by  that  committee  ten  years  ago,  and  what  a 
dillifult  time  we  had  to  reach  any  agreement.  Some  of  the 
_^estions  made  in  Mr.  Dean's  paper  commending  that  report 
are  the  same  suggestions  I  myself  made  before  the  report  was 
adopl<Ml.  I  think  if  you  appoint  a  committee  now  it  would  be  a 
still  harder  job.  At  tjjat  time  there  were  not  so  many  technical 
ex|Xirts  in  testing  boilers,  and  w^e  had  to  take  the  opinions  of 
a»K>ut  30  or  40  experts.  I  think  now  we  would  have  300  or 
¥)i)  different  opinions,  and  I  tliink  it  would  be  a  difficult  matter 
to  bring  them  together,  l^ut  I  agree  with  the  gentlemen  who 
1  ;M>ken,  that  ten  years  having  elapsed   there  should    be   a 

'  of  the  repf)rt,  and  T  make  no  objection  whatever  to  the 

•^  ^„     :ion  f)f  Mr.  Dean  as  to  having  the  report  reconsidered. 

Mr.  J.  F.  IIolloinaij.—  \  think  it  is  the  province  of  any  committee 
which  the  Society  may  originate  to  obtain  the  facts  relevant  to 
hu!>jwt.s  that  may  Ije  given  to  them  f(jr  investigation.  It  is  the 
province  of  the  Scxjiety,  having  obtained  those  facts,  to  decide 
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whether  to  adopt  what  is  reported  or  not.  The  resolution  should 
not  indicate  that  the  committee  be  authorized  to  chancre  the 
standard.     I  think  that  ought  not  to  be  done. 

Mr.  E.  D.  Meier. — I  would  like,  if  the  mover  would  accept 
it,  to  make  the  number  of  the  committee  nine.  I  beheve  there 
are  four  members  of  the  continued  committee,  and  if  we  make 
the  number  nine  it  would  give  an  opportunity  to  put  in  five  more 
members  representing  the  different  districts  of  the  country. 

Mr.  A.  A.  Hunting. — I  would  offer  as  a  suggestion  :  Instead  of 
pounds  of  water  evaporated  per  pound  of  coal  consumed,  read 
pounds  of  water  evaporated  per  x  number  of  heat  units,  the 
number  of  heat  units  to  be  determined  by  calorimeter  test  of  a 
pound  of  coal  which  may  be  selected  as  a  standard.  Then  by 
calorimeter  all  coal  can  be  tested,  using  the  x  number  of  heat 
units  as  a  value  of  any  coal  for  the  purpose  of  generating  steam. 
Then  the  consumer  can  ask  for  a  guarantee  that  coal  shall  con- 
tain X  number  of  heat  units  for  one  dollar,  that  the  boiler  shall 
evaporate  y  number  pounds  of  water  per  x  number  of  heat  units, 
and  thus  place  a  definite  value  on  both  coal  and  boiler  as  far  as 
they  relate  to  evaporation. 

The  President. — The  question  has  been  called  for.  Mr.  Hen- 
ning,  will  you  present  the  amended  motion  ? 

Mr.  Henning. — It  is,  '*  Resolved^  That  the  Council  of  the  Ameri- 
can Society  of  Mechanical  Engineers  be  requested  to  appoint  a 
committee  of  nine  members  of  the  Society  to  consider  the  standard 
method  (of  1886)  for  conducting  steam-boiler  trials,  reported  to 
the  Society  by  a  committee  at  that  time  ;  and  if  in  the  judgment 
of  that  committee  a  revision  of  that  standard  would  be  desirable, 
that  such  committee  report  its  recommendations  to  the  Society." 

The  resolution  was  adopted. 


[The  Council  subsequently  appointed  as  such  committee,  Messrs. 
Barrus,   Coon,   Dean,  Emery,   Hunt,  Kent,  Porter,  Potter,  and 

Thurston. — Secretary.'] 
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FOIiCJ:  REQUIRED  AXD  WORK  PERFORMED  IN  DRIV- 
LXG  AXD  FULLING  CUT  AND  WIRE  NAILS. 

BY    R.    C.    CARPENTER,   ITHACA,   N.  Y. 

(Member  of  the  Society.) 

The  following  series  of  experiments  shows  not  only  the  force 
required  to  drive  and  start  the  nails,  but  also  the  relative  work 
in  each  case.  Some  other  properties  are  also  brought  out,  which 
it  seems  to  the  writer  are  of  importance,  but  which  do  not  seem 
to  have  been  generally  considered  in  other  tests. 

To  obtain  some  figures  which  would  give  not  only  the  max- 
imum force,  but  also  the  work  required  both  for  driving  and 
pulling  various  nails,  the  writer  had  the  following  experiments 
conducted  in  the  laboratory  of  Sibley  College. t  Nails  of  various 
kinds  were  forced  into  a  piece  of  southern  pine,  which  was  as 
nf^arly  homogeneous  as  was  possible  to  obtain,  by  one  of  the 
heads  f)f  a  testing  machine,  and  the  amount  required  at  the  end 
of  each  oue-(piarter  inch  of  penetration  was  noted.  The  nails 
were  driven  within  about  one-quarter  inch  of  their  full  length 
in  each  case. 

Ill  ])nlling,  thoy  were  drawn  out  by  a  species  of  forceps 
attached  to  the  testing  machine,  the  force  required  being  noted 
at  f»ach  one-cjuarter  inch.  Diagrams  were  then  drawn,  corre- 
sponding to  the  force  exerted  and  the  depth  of  penetration, 
the  integration  of  these  diagrams  giving  the  total  work  either 
for  driving  or  for  drawing.  (Figs.  277-281.)  Experiments  were 
made  on  ten  nails  of  each  kind,  and  the  averages  taken  to  repre- 
sent the  work  of  any  particular  class. 

The  general  summary  of  the  experiments  is  given  in  the  fol- 
lowing table,  from  whi(;h  it  will  be  noted  :  First,  that  very  much 
more  force  is  required  to  drive  a  cut  nail  a  given  distance  than 

'   «t  tliM  Detroit  mc.cXmfr  Miinc,  1890)  of  the  American  Society  of 
^*'  ^inetTM,  and  fonmufr  part  of  Volume  XVI.  of  the  Transactions. 

f  The  exp«rim»-nt«  were  made  by  W.  E.  Barnes  and  K.  O.  Stillwell,  to  whom 
I  am  indebted  for  mucli  liely>  jn  reduciu^r  the  results. 
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a  wire  nail.  Second,  that  more  force  is  required  to  start  a  cut 
nail  generally  than  to  drive  it,  and  that  it  invariably  starts  much 
harder  than  a  wire  nail.  Third,  the  work  in  inch-pounds  per 
nail  required  in  driving  cut  nails  is  much  more  than  that  in 
driving  wire  nails.  Fourth,  the  work  in  inch-pounds  in  pulling 
cut  nails  is  about  equal,  sometimes  less  and  sometimes  greater, 
per  nail,  than  that  for  pulling  wire  nails.  Fifth,  the  maximum 
force  per  pound  in  driving  or  starting  wire  nails  is  more  nearly 
equal  to  that  of  the  cut  nails  than  when  estimated  on  the  basis 
of  that  of  a  single  nail,  but  it  is  still  less.  Sixth,  the  work,  in 
foot-pounds,  per  pound  of  wire  nails,  required  for  driving  is  less 
than  that  required  for  the  cut  nail,  and  that  for  pulling  is  con- 
siderably more.  Seventh,  the  relative  efficiency,  which  is  here 
considered  as  the  ratio  of  the  work  of  pulling  to  that  of  driving, 
is  much  higher  for  the  wire  nail  than  for  the  cut  nail. 

In  making  experiments  it  was  noticed  that  the  cut  nail  bruised 
and  broke  the  fibres  of  the  wood,  principally  at  the  end  of  the 
nail,  whereas  the  wire  nail  simply  crowded  them  apart,  and 
probably  did  not  move  them  much  beyond  the  point  from  which 
they  would  return  by  elastic  force,  and  hence  the  nail  would  be 
grasped  much  stronger  per  unit  of  area  of  surface  by  the  wood. 
Presenting  less  surface,  there  would  be,  however,  less  resistance 
to  starting. 

To  see  what  the  effect  of  change  of  form  would  be,  a  number 
of  tenpenny  cut  nails  were  sharpened  on  the  point  by  grinding 
to  an  angle  of  about  thirty  degrees,  so  that  the  fibres  in  advance 
of  the  nail  would  be  thrust  aside,  and  not  bruised  and  broken. 
This  served  to  increase  the  holding  power,  as  will  be  seen  by  the 
experiment,  over  the  cut  nail  of  ordinary  shape,  about  fifty 
per  cent,  in  starting  force,  and  about  thirty  per  cent,  in  work 
of  resistance  to  pulling. 
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SCMMAKV    OF   ExPElilMENTS    IN   DRIVING    AND    PULLINQ   NaILS  IN   SOUTHERN 

Pine  Wood, 


$0d  Cot 

aw  Wire 

lOd  Cut 

l*/  Wire 

Kk/  Cut 

tSharpen'd) 

Cut 

M'Wire 

tkt  Cut 

Wire 


Sd 


-  W 


J  5 


C    41 


23 

8^ 

819.6 

34 

'M 

376 

70 

3 

3Il.fi 

105 

3 

232.4 

3 

483 

88 

2J 

312.4 

13-2 

2j 

198.8 

168 

H 

221.2 

252 

U 

134.6 

it 


920.8 

318 

356.8 

213.6 

518 

328.4 

167.2 

155.6 

87.6 


WORK    PER  NAIL 
IN  INCn-POUNDS. 


To 
drive. 


1,522.85 
864.6 
585.25 
435.65 
699.75 

419.1 
278.6 
274.3 
165.2 


To 
pull. 


477.6 

472.8 

200.85 

220.2 

284.7 

140.1 
104.6 
64.5 
62.75 


MAXIMUM 

WEIGHT     RE- 

yUIHEI)  PEU 

POUND  OF 

NAILS,  IN 

TONS. 


To 
drive. 


9.37 
6.41 
11.9 
12.2 


13.7 
13.2 

18.7 
16.9 


To 

start. 


11.6 
5.42 
12.5 
11.4 


14.5 
11.1 
13.3 

15.0 


WORK  IN 

FOOT-POUNDS 

REQUIRED 

PER  POUND 

OF   NAILS. 


To 
drive. 


2,915 
2,450 

3,410 
3,830 


3,038 
3,340 
3,830 
3,480 


To 
pull. 


915 
1,335 
1,215 
1,940 


1,019 
1,2.55 

904.5 
1,320 


m 


« 


31.6 
54.5 
35.5 

50.7 
41.0 

33.5 
37.5 
23.5 
38.0 


Tlie  good  result  produced  in  sharpening  the  end  is  shown  by 
some  experiments  made  some  years  ago  in  the  Sibley  labor- 
atories on  the  holding  power  of  ordinary  railroad  spikes,  as  com- 
pared with  a  Walcott  spike,  which  differed  from  the  ordinary 
railrf)ad  s])ike  in  having  a  sharp  end  and  also  in  having  two 
longitudinal  grooves  stamped  into  one  side. 

KKSISTANCK  to    PULLI^'G   WHEN   DRIVEN   FiVE    INCHES   IN    DEPTH. 


Standard  Spike  No.  1 

"       "    2  .    . 

AvHfape 

Walcoit  Spike  No.  1 

'     2 '. 

Average 

ExcefM  re<|uired  for  Walcott  Spike,  pounds 
"      i>er  cent 

DiMKNsiONS  OF  Spikes. 
Wejdfht,  [KjundH. . 

Periphery,*  incheH 

LeoiCtIi,  inclieH  


In  White  Oak. 

Tn  Hemlock 

6,160 

3,200 

5,500 

3,210 

5,380 

3,205 

7,120 

3,960 

6,890 

3,700 

7,005 

3,830 

1,175 

625 

20 

19.5 

Walcott. 

Standard. 

0.665 

0.659 

2.39 

2.41 

6.00 

5.57 

•  In    uiftH^urin^'    tlu-    periphery  of   the  Walcott   spike   the  two  longitudinal 


The  following  tablpH  give  the  results  in  detail  of  the  experi- 
ments referred  to  as  made  by  Barnes  and  Stillwell  : 
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Weight    Required,  in   Pounds,  to    Drive    20-Penny   Cut   Nails   for  each 

Quarter  Inch  of  Length. 


Depth  ix  Inches. 

X 

i-i 

260 

f-1 

1-U 

iMi 

H-lf 

lJ-2 

2-21 

2J-2i 

2i-2i 

2|-3 

3-31 

3i-3i 

1 

44 

140 

260 

260 

270 

300 

328 

380 

420 

488 

540 

620 

620 

2 

80 

188 

288 

292 

•:96 

296 

360 

500 

512 

628 

692 

708 

744 

872 

3 

84 

164 

200 

260 

360 

368 

368 

440 

516 

572 

620 

688 

752 

800 

4 

66 

180 

240 

272 

304 

344 

372 

430 

504 

560 

650 

696 

748 

796 

5 

52 

182 

232 

278 

824 

354 

396 

448 

524 

588 

642 

704 

764 

824 

6 

48 

160 

224 

264 

312 

324 

382 

466 

508 

608 

682 

692 

752 

812 

7 

64 

172 

28() 

296 

300 

312 

372 

424 

496 

592 

664 

684 

724 

784 

8 

44 

162 

264 

26-2 

292 

340 

388 

404 

520 

564 

688 

TOO 

716 

764 

9 

60 

196 

200 

208 

296 

320 

392 

416 

500 

584 

692 

712 

724 

792 

10 

42 

184 

192 

202 

284 

360 

382 

424 

504 

524 

624 

692 

112 

892 

58.6 

173.8 

2.38.6 

259.4 

302.8 

328.8 

371.2 

428 

496.4 

564 

644.2 

681.6 

724.6 

819.6 

Weight  Required,  in  Pounds,  to  Pull  20-Penny  Cut  Nails  each  Quarter 

Inch  in  Depth. 


Dkpth  in 

Inches. 

* 

i 
0 

0 

i 

0 

1 

4 

n 

n 

n 

2 

2i- 

2i 

2| 

3 

3J 

3i 

31 

1 

6 

16 

28 

44 

64 

104 

124 

200 

248 

342 

824 

2 

0 

0 

0 

6 

8 

16 

24 

40 

44 

64 

88 

124 

180 

308 

1,000 

3 

0 

0 

0 

4 

6 

12 

20 

32 

56 

72 

IDS 

152 

224 

2r2 

984 

4 

0 

0 

0 

6 

10 

14 

22 

38 

52 

96 

116 

180 

232 

296 

888 

5 

0 

0 

0 

2 

12 

16 

28 

32 

66 

88 

124 

164 

2.56 

272 

956 

6 

0 

0 

0 

6 

8 

12 

24 

36 

60 

92 

142 

184 

216 

300 

908 

0 

0 

0 

4 

10 

14 

28 

32 

64 

108 

132 

172 

204 

292 

896 

8 

0 

0 

0 

2 

2 

8 

16 

22 

38 

52 

124 

176 

196 

228 

882 

9 

0 

0 

0 

4 

12 

18 

24 

36 

58 

140 

184 

192 

232 

296 

896 

10 

0 
0 

0 
0 

0 
0 

2 

6 

16 

32 

36 

52 

104 

124 

182 

216 

272 

1,024 

^ 

8 

15.2 

24.6 

34.8 

55.4 

92 

126.6 

172.6 

219.8 

287.8 

920.8 

!    0 
I     0' 


*  Mean  force  for  each  quarter  inch  : 
0     I     2     I      6.0  I    11.6  1    19.9  1    29.7  1   45.1  j    83.2  |    109    |    150    \    201    |   254    |   355 

Inch-pounds  of  work  required  : 
0     I    0.5  !     1.5  i     2.9  i      5.0  1      7.4!    11.3  |    20.8  |    27.2  |   37.5  |    50.2  |    64.5  1    88.' 
Total  worlc  in  inch-pounds  by  diagram,  477.6. 


Weight  Required  for  each  One-Quarter  Inch  in  Depth  to  Drive  2()-Penny 

Wire  Nails. 


Depth  in  Inches. 

0-i 

i-i 

i-i 

f-1 

1-U 

u-u 

n-n 

H-2 

2-2i 

2}-2f 

2}-3 

3-3i 

Si-3i 

3j-3f 

1 

132 

160 

172 

180 

196 

212 

230 

252 

280 

296 

320 

324 

340 

344 

2 

100 

136 

IfiO 

172 

180 

200 

224 

240 

264 

300 

308 

340 

356 

366 

3 

88 

136 

168 

184 

196 

208 

232 

264 

296 

308 

324 

340 

356 

360 

4 

96 

144 

162 

192 

196 

216 

232 

272 

284 

304 

320 

336 

360 

372 

5 

92 

1.32 

152 

184 

192 

208 

232 

264 

292 

308 

324 

330 

344 

368 

6 

84 

112 

164 

196 

200 

204 

216 

252 

300 

304 

332 

348 

366 

396 

7 

72 

104 

152 

182 

192 

200 

224 

248 

296 

316 

336 

369 

364 

396 

8 

80 

100 

166 

188 

192 

192 

230 

240 

256 

304 

322 

354 

362 

884 

9 

104 

124 

144 

192 

208 

212 

228 

336 

256 

324 

342 

366 

384 

396 

10 

96 

116 

140 

184 

224 

232 

242 

262 

284 

316 

336 

348 

364 

388 

94.4 

126.4 

1.58 

185.4 

197.6 

208.4 

229 

263 

280.8 

308 

326.2 

345.5 

359.6 

376 

iOOt) 


DRIVING  AND   PULLING   CUT  AND   WIRE   NAILS. 


FoucK  IN  Pounds  Required  in  Pulling  20-Penny  Wire  Nails. 


Depth  in  Inches. 


1 

i      i 

i 

1 

n 

n 

40 

If 

2 

2} 

2J 
96 

2f 

3 

3i: 

3,} 

3J- 

1 1 

0  0 

4 

16 

24 

56 

56 

68 

108 

128 

136 

168 

250 

8* 

0  1  0 

8 

12 

20 

28 

44 

56 

64 

80 

116 

124 

144 

210 

240 

3  ' 

0  j4 

14 

2U 

S2 

44 

64 

76 

88 

124 

148 

164 

180 

^00 

348 

4 

0  8 

18 

16 

28 

42 

60 

78 

96 

112 

140 

184 

204 

216 

308 

ft 

0  '  0 

8 

12 

24 

40 

52 

68 

82 

104 

124 

172 

200 

204 

292 

tt 

0  0 

12 

16 

30 

44 

56 

62 

96 

100 

1.34 

180 

196 

212 

300 

0  0 

6 

12 

24 

48 

54 

72 

92 

124 

132 

l.-SO 

208 

224 

284 

8 

0  0 

12 

16 

30 

44 

56 

62 

96 

100 

136 

180 

196 

212 

300 

9  ; 

0 

0 

18 

20 

24 

56 

64 

78 

102 

116 

140 

148 

192 

220 

272 

10 

0 

0 

8 

16 

32 

52 

76 

88 

96 

128 

144 

1.56 

184 

232 

290 

11 

0 
0 

0 

4 

12 

24 

56 

82 
66.6 

96 

108 

124 

152 

188 

208 

224 

296 

A,.| 

.6 

9.4 

16.8 

29.2 

49.4 

79.2 

96.8 

120.8 

137.4 

167.4 

204.8 

212.2 

318 

*  Mean  force  for  each  one-quarter  inch  : 
I    0|0    I     7.7!     13.1!   23.0  1   39.3  1   58    |    72.9  |  88.0  |108. 8  1  129. 1|  152.4  |    186.1|213.5|260.1 

Inch-pounds  of  force  required  : 
I    0|0    I   1.92  1      3.3 i     5.7  I     9.8  |  14.5  |     18.2  |    22.0  |  27.2  1    .32. 3|     38.1]     46.5]  53.4|  66.3 
Total  work  in  inch-pounds  from  diagram,  472.8. 
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OIKTH  OF  PENETRATION  OF  NAIL  IN  WOOD,  BY  QUARTER  INCHEa> 


Fio.  277. 
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QUARTER  INCHES 

Fig.  278. 


Force  in  Pounds  Required  in  Driving  10-Penny  Cut  Nails. 


Depth  in  Inche 

s. 

J. 

i 

i 

1 

li 

1^ 

1| 

2 

2[ 

2^ 

21 

3 

1 

28 

60 

148 

184 

184 

184 

192 

232 

260 

288 

340 

340 

2 

24 

28 

144 

148 

148 

168 

192 

220 

240 

288 

320 

340 

3 

28 

88 

140 

140 

156 

144 

168 

212 

244 

292 

320 

344 

4 

16 

88 

148 

152 

120 

128 

144 

168 

208 

208 

262 

312 

5 

32 

88 

140 

140 

160 

220 

240 

240 

240 

256 

264 

280 

6 

24 

60 

■120 

100 

124 

148 

220 

272 

308 

300 

308 

392 

7 

32 

80 

108 

132 

144 

168 

200 

228 

246 

290 

312 

344 

8 

40 

64 

108 

124 

160 

184 

212 

248 

292 

328 

360 

368 

9 

32 

80 

120 

148 

160 

192 

224 

240 

300 

322 

344 

376 

10 

40 

90 

128 

168 
143.6 

190 

196 

200 

220 

260 

2eo 

300 

320 

29.6 

77.8 

129.6 

154.6 

173.2 

199.2 

228.0 

261.6 

286.6 

315.6 

341.6 
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Force  in  Pounds  Required  in  Pulling  10-Penny  Cut  Nails. 


Depth  in  Inches. 

i 

i 

I 

1 

U 

U 

1|      2 

2i 

2i 
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Force  in  Pounds  Required  in  Dkiving  10-Penny  Wire  Nails. 


Depth  in  Inches. 
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Depth  in  Inches. 

i 

i 

f 

1 

n 

n 

U 

o 

2J 

2i 

n 

3 

1 

0 

4 

» 

40 

44 

64 

80 

120 

140 

168 

188 

320 

0 

0 

8 

12 

28 

86 

44 

76 

88 

80 

92 

140 

0 

« 

8 

18 

24 

80 

40 

60 

84 

92 

92 

120 

0 

6 

12 

21 

86 

40 

54 

76 

84 

92 

88 

124 

0 
0 
0 
0 
0 
0 

0 

8 

20 

86 

48 

64 

76 

84 

97 

120 

160 

8 

20 

21 

44 

56 

70 

88 

116 

136 

180 

336 

10 

IS 

20 

2H 

44 

GO 

68 

96 

120 

132 

148 

180 

J 

H 

»J 

32 

44 

64 

80 

108 

112 

140 

160 

H 

20 

Z'i 

'.0 

64 

84 

100 

120 

140 

190 

300 

.   ^ 

r  "■' 

2M 

(4 
38.2 

56 

80 

100 

140 
108.4 

236 

200 

296 

49.H 

65.4 

88.8 

129.2 

143.8 

213.6 

DRIVING   AND   PULLING   CUT  AND   WIRE   NAILS. 


1009 


Force  Required  ix  Drivixg  10-Penxy  Cut  Nails,  Sharpened. 


Depth  in  Inches. 
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Fig.  279. 
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Force  Required  in  Pulling  10-Penny  Cut  Nails,  Sharpened. 
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Force  ix  Pounds  Kequiukd  in  Driving  8-Penny  Cut  Nails. 


Dkpth  in  Inches. 
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Force  in  Founds  Required  in  Pulling  8-Penny  Cut  Nails. 


Depth  in  Inches. 
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Force  is  Pounds  IlEquiUED  in   Driving  8-Penny  Wire  NAir>s  for  Each 

Quarter  Inch  of  Depth. 


Depth  in  Inches. 
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Force  in  Pounds  Required  in  Pulling  8-Penmy  Wire  Nails. 


Depth  i.\  Inches. 
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Force  in  Pounds  Required  in  Driving  6-Penny  Cut  Nails. 


Depth  in  Inches. 
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2  3  i 

QUARTER  INCHES, 

Fig.  281. 


Force  in  Pounds  Required  in  Pulling  6-Penny  Cut  Nails. 


Depth  in  Inches. 
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Force  m  Pounds  Requtred  for  Driving  6-Penny  Wire  Nails. 


Depth  in  Inches. 
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Force  in  Pounds  Required  for  Pulling  6-Penny  Wire  Nails. 


Depth  in  Inches. 
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DISCDSSION. 


Prof.  B.  R.  Thurston. — This  matter  seems  to  me  of  more 
importance  than  is  usually  ascribed  to  it.  The  value  of  the  nail 
in  the  holding  tog^ether  of  constructions,  in  wood  of  all  kinds,  is  a 
measure  of  a  pretty  large  element  in  modern  civilization.  The 
problem,  as  I  would  state  it,  is  that  of  finding  a  way  of  making- 
nails  which  shall  drive  easily,  without  danger  of  injuring  the  wood 
or  of  splitting  the  parts  ;  which  shall,  once  driven,  hold  firmly  and 
under  all  circumstances  ;  and  which  shall,  finally,  draw  with  as 
even  resistance  as  possible  from  head  to  point. 
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The  starting  i-esistaiice,  usually  the  only  element  of  value 
reiH)rtetl  upon  in  such  experiments,  is  of  less  value,  probably,  than 
is  common  I V  assumed.  Every  miil  is  liable  to  be,  at  least,  started 
hv  somesmiilen  and  excessive  stress,  and  the  seasoning  and  drying 
and  springing  of  the  wood  with  age  and  with  change  of  hygro- 
metric  condition  is  liable  to  produce  a  tendency  to  loss  of  holding 
|)o\ver,  if  not  to  actually  loosen  it.  Holding  power  is  of  more 
consequence  than  easy  driving ;  and  that  is  the  best  nail,  other 
tilings  equal,  which  holds  best,  even  if  hard  to  drive.  That  is 
the  best,  other  things  equal,  which,  though  started  by  any  acci- 
dent or  change  of  conditions  affecting  it,  will  continue  to  hold  with 
the  largest  resistance  and  most  persistence.  It  would  thus  seem 
that  the  work  of  resistance  to  extraction,  and  not  the  resistance 
to  starting,  is  the  best  measure.  In  fact,  it  is  not  precisely  even 
the  work  which  should  be  a  maximum  ;  it  should  be  a  maximum 
work  at  the  earlier  stages  of  the  withdrawal.  After  the  nail  is 
well  out,  further  resistance  is  commonly  of  comparatively  little 
imiK)rtance.  The  structure  is  ruined,  and,  after  that  limit  is 
passed,  the  easier  the  ruin  is  taken  apart  the  better.  A  nail  hard 
to  start,  and  hard  to  draw  the  first,  say,  twenty  per  cent,  of  its 
lent^th.  is  the  best  thin":  in  most  cases. 

It  would  seem  that  the  true  fact  of  the  case  is  that  some  work 
requires  one  nail,  and  other  kinds  of  work  another  sort  of  nail. 
For  temporary  holding  we  need  one,  and  for  permanent  construc- 
tion another.  In  one  case,  the  harder  the  nail  to  start  the  better ; 
in  anotlier,  the  longer  and  more  steadily  and  persistently  it  holds 
the  better.  One  construction  is  spoiled  by  a  started  nail ;  another 
I'-iiiains  useful  and  valuable,  even  thoutyh  wrenched  in  all  direc- 
t  lolls.  It  would  seem,  for  these  reasons,  desirable  to  compare 
ilic  various  makes  and  kinds  of  nails  with  a  view  to  their  classi- 
fication for  different  uses.  The  cut  nail  starts  harder,  as  a  rule, 
but  loses  its  hold  more  promptly,  than  the  wire  nail.  For  gene- 
ral purposes,  the  lattei*  would  seem  superior.  Where  drawing 
forms  a  pjirt  r)f  the  programme,  the  cut  nail  has  its  advantage. 
When  the  piece  must  be  held  firmly  and  closely  together,  the 
cut  nail  givc?s  best  result ;  l)ut  where  a  started  nail  must  still 
hold,  long  and  liard  and  witiiout  let-up,  the  wire  nail  is  unques- 
tionably Ijest.  AVith  some  woods,  in  which  injury  to  the  fibre 
is  a  serious  matter,  the  wire  nail  is  the  only  allowable  form  ;  when 
no  harm  is  done  by  the  crusliing  of  fibre,  the  cut  nail  is  permissi- 
ble, though  otherwise  objectionable.     The  elastic  hold,  secured 
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by  the  pressure  on  the  sides  of  the  wire  nail  by  the  springing 
of  the  grain,  is  an  advantage  where  prolonged  holding  power  is 
exacted. 

The  graphical  representation  of  results  here  given  us  has 
seemed  to  me,  from  this  point  of  view,  particularly  valuable,  and 
it  is  to  be  hoped  that  we  may  secure  much  more  of  the  same  sort 
of  information  and  from  every  known  variety  of  nail,  screw,  or 
other  fastening. 

Mr.  Gustavics  C.  Henning. — There  is  one  point  which  has  not 
been  brought  out  in  this  investigation,  and  that  is,  that  a  wire 
nail  contains  fifty  per  cent,  less  material  than  a  cut  nail,  in  every 
instance  ;  that  is,  for  five  cents  you  get  just  seven  and  one-half 
cents'  worth  of  nails.  As  the  carpenter  puts  it,  a  ten  or  twelve-inch 
board  holds  so  many  nails,  and  he  won't  put  any  more  in,  and 
they  don't  care  much  whether  they  hold  or  not  in  that  case,  but  the 
nails  go  so  much  further.  Xow,  to  make  a  true  comparison  in 
regard  to  holding  qualities,  it  seems  to  me  nails  should  be  com- 
pared so  that  the  amount  of  material  in  them  is  about  the  same  in 
the  two  cases.  It  may  be  that  a  particular  shape  of  wire  nail  may 
be  so  made  that  it  goes  in  uniformly  hard  and  holds  better  when 
it  is  in,  without  injury  to  the  job.  The  fact  is,  that  cut  nails  do 
crush  the  wood,  and  do  not  hold  so  well  afterwards  as  when  newly 
driven,  while  the  wire  nail  always  holds.  But  I  think  it  would 
be  well  to  find  out  what  the  nail  will  hold  in  the  shape  of  a  wire 
nail  when  it  contains  as  much  material  as  a  cut  nail. 

Prof.  John  E.  Siceet. — To  give  a  couple  of  illustrations  in  regard 
to  the  holding  power  of  nails,  I  wish  to  report  what  was  told  me 
at  the  Exposition  in  Chicago,  where  we  had  considerable  discus- 
sion as  regards  the  holding  power  of  nails.  The  people  who  sell 
shoes  will  not  buv  a  box  of  shoes  if  the  cover  is  nailed  on  with 
wire  nails,  for  the  reason  that  when  they  take  off  the  cover 
they  spoil  it.  They  want  it  nailed  on  with  cut  nails,  so  that 
they  can  get  the  cover  off  and  save  it.  The  people  who  sell  drop 
forgings  have  a  different  preference.  The  Billings  &  Spencer  peo- 
ple told  me  that  before  they  adopted  the  wire  nails  for  nailing 
boxes,  the  percentage  of  broken  boxes  was  enormous ;  but  after 
they  adopted  the  wire  nail  they  never  received  a  report  that  boxes 
were  broken  ;  showing  that  if  you  want  to  nail  a  box  together  to 
stav,  vou  want  to  use  wnre  nails.  All  of  us  have  known  this  for 
a  long  time.  These  experiments  have  not  gone  far  enough  yet. 
This  box  question  is  one  of  the  questions  to  be  considered  in  using 
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Tiails.  The  nails  in  Professor  Carpenter's  test  have  been  driven  in 
the  wooil  witli  the  wide  part  of  the  nail  parallel  to  the  grain  of 
the  luinbtM'.  When  we  nail  up  a  box  and  nail  on  the  sides,  we 
drive  the  nails  into  the  ends  of  the  wood  ;  and  when  we  nail  on  the 
top,  we  nail  the  ends  of  the  top  with  the  wide  part  of  the  nail 
parallel  with  the  grain  of  the  cover,  but  just  the  way  to  split  the 
end,  and  the  nail  comes  out  easily.  Now,  if  one  will  make  some 
experiments  with  nails  put  in  in  that  way,  he  will  see  that  the  tests 
and  the  facts  agi'ee  a  good  deal  better  than  some  which  we 
liave  had  before,  and  that  the  test  comes  a  good  deal  nearer  the 
facts  of  the  case  than  where  they  are  tested  in  the  way  spoken  of 
bv  the  editor  of  the  American  Machinist.  He  said  that  if  they 
were  testing  armor-plate  the  shot  always  went  to  pieces,  and  if 
thev  were  testing  the  shot  the  armor-plate  went  to  pieces.  In  the 
same  way  with  nails ;  if  you  want  to  make  the  cut  nails  show 
well,  you  can  do  it  if  3^ou  go  about  the  test  in  a  certain  way. 

Prof.  It.  C.  Carjyenter^' — If  the  reader  will  kindly  refer  to  the 
table  at  the  top  of  page  1004,  he  will  find  given  there  the  total 
weight  required  both  to  start  and  pull  one  pound  of  each  kind  of 
nails,  and  also  the  total  work  expended  in  foot-pounds  in  so  doing. 

Regarding  the  total  weight  for  starting,  which  is  given  in  tons, 
it  will  be  seen  to  l)e  nearlv  the  same  for  two  kinds  of  nails, 
being  sliglitly  less  for  cut  than  for  wire  nails  for  the  tenpenny 
size,  and  slii^htly  greater  for  the  other  sizes,  the  difference  in  each 
case  being  small.  This  would  seem  to  me  to  tend  somewhat 
agjiinst  the  statement  made  by  Mr.  Henning,  and  would  rather 
Rerve  to  show  that,  if  a  less  weight  of  wire  nails  than  cut  nails 
were  used  in  a  given  structure,  the  resistance  to  starting  stress 
would  l>e  less,  although  it  is  quite  true  that  the  work  required 
for  pulling  the  wire  nails,  if  equal  weights  were  used,  would  be 
'•"Msi(|<Tal)ly  more.  The  remarks  by  Professor  Sweet  indicate  a 
■  'Lilc  field  for  research,  which  it  is  hoped  can  be  investigated. 
There  is  another  point  which  is  somewhat  difficult  to  investigate 
by  experiment,  and  that  is  that  wire  nails  bend  very  easily,  and 
for  that  reason  are  hard  to  pull  in  the  ordinary  way  with  a  ham- 
mer. This  may  lead  in  a  popular  way  to  an  exaggerated  notion 
reganling  the  holding  power. 

•  Author'ii  closure,  under  the  Rules. 
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DCLH.* 

TESTS  TO  SHO  W  THE  D I  ST  RIB  UTIOR  OF  MOISTURE 
IX  STEAM  WHEN  FLOWING  THROUGH  A  HORI- 
ZONTAL PIPE. 

BY  D.    5.   JACOBUS,    HOBOKEN,  N.   J. 

(Member  of  the  Society.) 

In  a  previous  paper  preliminary  tests  were  presented,  which 
were  made  in  connection  with  an  investigation  undertaken  for 
the  Babcock  &  Wilcox  Company  by  Professor  Denton.t  In 
this  paper  it  was  demonstrated  that  various  calorimeter  nozzles, 
such  as  are  now  used  in  practice,  do  not  give  an  average  sample 
of  the  steam  flowing  through  the  steam  maiii.  It  was  also  stated 
that  tests  were  in  progress  to  determine  the  efficiency  of  a  nozzle 
devised  by  Professor  Denton,  which  consists  of  a  j-inch  tube 
open  at  the  end,  passing  through  a  stuffing-box,  and  so  arranged 
that  it  may  be  moved  to  any  position  across  the  pipe  under  a 
full  head  of  steam. 

The  tests  made  with  the  tube  passing  through  a  stuffing-box 
indicated  that  a  greater  part  of  the  moisture  was  near  the  bot- 
tom of  a  horizontal  pipe,  and  that  it  probably  ran  along  in  a 
small  stream.  If  this  was  true,  then  an  opening  in  the  bottom 
of  the  pipe,  so  arranged  that  the  water  could  run  freely  into  it, 
would  glean  off  all,  or  the  greater  part,  of  the  moisture.  The 
tests  which  are  the  subject  of  this  paper  were  made  by  the 
writer  to  determine  to  what  extent  such  an  action  takes  place, 
and  are  a  continuation  of  the  preliminary  investigation  above 
referred  to. 

It  was  found  that  after  steam  had  passed  through  8  feet  of 
horizontal  3-inch  pipe,  95  per  cent,  of  the  entrained  moisture,  or 
over,  could  be  drawn  from  a  J-inch  pipe  leading  from  the  bottom 
of  the  3-inch  pipe,  for  quantities  of  moisture  as  high  as  8  per 
cent.,  and  velocities  as  high  as  25  feet  per  second. 

*  Presented  at  the  Detroit  meeting  (June,  1895)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Transactions. 

f  "  Results  of  Measurements  to  Test  the  Accuracy  of  Small  Throttling  Calorime- 
ters," Transactions,  Vol.  XVI.,  p.  448. 
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The  moisture  was  thoroughly  mingled  with  the  steam  before 
enk^riii"-  the  3-iuch  pipe.  The  apparatus  was  so  arranged  that 
the  *^reater  part  of  the  moisture  was  initially  near  the  top  of  the 
pipe,  so  that  it  had  to  fall  through  the  steam  during  the  time 
taken  to  travel  over  the  space  of  8  feet.  The  theoretical  time 
required  for  a  body  falling  freely  in  space  to  travel  from  the  top 
to  the  bottom  of  the  pipe  is  about  |  of  a  second.  Hence,  the 
maximum  initial  horizontal  velocity  that  such  a  body  could  have 
and  reach  the  bottom  in  a  horizontal  space  of  8  feet  would  be  64 
feet  per  second. 

It  appears  from  the  experiments,  therefore,  that  for  the  par- 
ticular set  of  conditions  which  existed,  95  per  cent,  of  the  moist- 
ure can  be  gleaned  from  the  bottom  of  a  pipe,  if  the  velocity  of 
the  steam  is  •*  that  corresponding  to  the  theoretical  velocity 
already  mentioned.  For  a  velocity  of  20  feet  per  second,  or 
about  5  the  theoretical  velocity,  98  per  cent,  of  the  moisture  was 
drawn  from  the  bottom  of  the  pipe  for  quantities  of  moisture  as 
high  as  10  per  cent.  For  a  velocity  of  43  feet  per  second,  or  j\  of 
the  theoretical  velocity,  about  60  per  cent,  of  the  total  moisture 
was  drawn  from  the  bottom  of  the  pipe,  and  at  J  of  the  theoreti- 
cal velocity  about  90  per  cent,  was  drawn  out. 

It  cannot  be  said  that  these  ratios  will  apply  to  all  cases,  and 
for  this  reason  additional  tests  are  to  be  made  to  determine  the 
effect  of  increasing  the  velocity  of  flow  and  the  length  of  the 
horizontal  pipe. 

A  special  series  of  experiments  was  made,  in  which  a  liori- 
'zoiital  plate  was  placed  about  J  of  an  inch  above  the  bottom  of 
the  3-incli  jnpe,  and  over  the  .^-inch  pipe  leading  to  the  calorim- 
eter. Th(;  ph'ite  was  arranged  so  that  all  the  moisture  which 
collfcct^id  under  it  would  run  into  the  calorimeter.  The  object  of 
iDtnxlucing  the  plate  was  to  collect  all  the  water  which  was  near 
the  bottom  of  the  pipe,  so  as  to  determine  to  what  extent  a  noz- 
zle, Birnply  tapped  into  the  Ijottom  of  the  pipe,  would  remove  such 
moisture.  The  results  of  corresponding  tests,  with  and  without 
the  plate  over  the  calorimeter  nozzle,  are  about  the  same,  which 
indicate  that  a  nozzle  connected  so  that  its  inner  end  is  flush,  or 
Bli^htly  Udow  the  br>ttom  of  the  pipe,  will  remove  practically  all 
the  moiHtnre  which  flows  near  the  bottom  of  the  pipe. 

The  rcBultH  of  my  experiments  on  the  3-inch  pipe  are  given  in 
detail  in  Table  T. 

In  ProfeHHor  Denton's  experiments  a  single  calorimeter  was  at 
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first  attached  to  the  bottom  of  a  horizontal  12-inch  pipe  by 
means  of  a  nozzle,  which  could  be  raised  and  lowered  so  as  to 
draw  steam  from  va-rious  sections  of  the  pipe,  as  has  been 
already  described.  It  was  found  that  the  weight  of  moisture 
ranged  between  about  5  and  50  per  cent,  of  the  weight  of  steam 
passing  through  the  calorimeter  w^hen  the  nozzle  was  lowered 
so  as  to  be  near  the  bottom  of  the  pipe ;  whereas,  when  the  noz- 
zle was  raised  so  as  to  be  about  1|  inches  above  the  bottom  of 
the  pipe,  the  steam  w^hich  passed  through  the  calorimeter  was 
practically  dry.  In  these  tests  the  steam  passed  from  the 
boiler  through  about  10  feet  of  horizontal  12-inch  pipe  to  an 
elbow,  and  thence  through  a  second  horizontal  12-inch  pipe. 
The  calorimeter  was  attached  to  the  second  horizontal  pipe 
about  6  feet  from  the  elbow.  The  velocity  of  the  steam  was 
about  17  feet  per  second,  representing  about  500  H.  P. 

After  making  the  tests  with  a  single  calorimeter,  a  second 
series  of  tests  was  made  wdth  two  calorimeters,  to  determine  if 
the  moisture  w^as  all  at  the  bottom,  or  if  it  w^as  also  creeping 
along  the  sides  of  the  pipe.  To  make  these  tests  the  second 
calorimeter  w^as  placed  at  the  same  cross-section  of  the  pipe  as 
the  first,  but  it  was  moved  to  one  side,  so  as  to  be  4  inches 
from  the  calorimeter  attached  directly  to  the  bottom  of  the  pipe. 
It  was  found  that  when  both  nozzles  were  set  so  that  the  ends 
were  fiush  with  the  inner  surface  of  the  pipe,  the  calorimeter  at 
the  bottom  of  the  pipe  indicated  excessive  moisture,  whereas 
the  calorimeter  4  inches  from  it  toward  the  side  of  the  pipe 
showed  practically  dry  steam.  This  indicated  that  all  the 
moisture  was  at  the  bottom  of  the  pipe. 

The  general  arrangement  of  apparatus  used  by  the  writer  for 
conducting  the  tests  on  the  3-inch  horizontal  pipe  is  represented 
in  Fig.  282. 

Superheated  steam  entered  at  A,  and  passed  through  a  3-inch 
pipe  surrounding  a  cooling  pipe,  I^.  The  cooling  water  entered 
at  C  and  passed  through  B.  After  passing  the  cooling  pipe  the 
steam  passed  through  a  device  at  D,  which  thoroughly  mixed 
the  steam  with  the  water.  This  consisted  of  two  plates  placed 
about  1  inch  apart,  in  which  were  two  holes  about  |  of  an  inch 
in  diameter.  The  hole  in  the  first  plate  encountered  by  the 
steam  was  at  the  bottom  of  the  pipe,  so  that  all  moisture  in 
the  steam  would  be  drawn  from  the  bottom  of  tlie  pipe.  The 
steam  and  moisture   then   passed    upward  between  the  plates 
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and  out  of  the  hole  in  the 
second  plate.  The  hole  in 
the  second  plate  was  placed 
near  the  top,  so  as  to  intro- 
duce the  steam  and  moisture 
near  the  top  of  the  3-inch 
pipe,  E.  The  calorimeter  was 
attached  at  K  ^is  the  sepa- 
rator portion  of  the  calorim- 
eter, and  L  the  heat  gauge. 
The  temperature  and  press- 
ure of  the  steam  were  meas- 
ured on  leaving  the  pipe  Ehj 
means  of  the  thermometer,  Ef, 
and  the  pressure  gauge,  J. 
The  thermometer,  H,  was 
placed  in  a  mercury  well  hav- 
ing an  enlargement  at  its 
lower  end  and  a  thin  neck. 
The  steam  was  throttled  by 
means  of  the  valve,  M,  from 
a  pressure  of  about  80  pounds 
above  the  atmosphere  in  the 
pipe,  E,  to  about  the  pressure 
of  the  atmosphere  in  the  12- 
inch  drum,  N.  The  tem- 
perature of  the  steam  after 
throttling  was  measured  by  a 
thermometer,  Q,  placed  in  a 
mercury  well,  and  by  a  ther- 
mometer, J\  which  came  in 
direct  contact  with  the  steam. 
The  pressure  in  the  drum,  N^ 
was  measured  by  means  of  a 
mercury  gauge.  The  steam 
flowing  into  the  drum,  N,  was 
led  to  a  surface  condenser, 
and  finally  weighed. 

The  amount  of  moisture  in 
the  steam  passing  through 
the  valve,  M,  was  indicated 
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by  the  amount  of  superheating  in  the  12-inch  drum,  N.  This 
moisture,  added  to  the  moisture  in  the  steam  entering  the 
Barrus  calorimeter,  gave  the  total  moisture  contained  in  the 
steam  passing  through  the  3-inch  pipe.  Corrections,  deter- 
mined directly  by  experiment,  were  made  for  all  radiation. 
The  factor  of  0.48,  for  the  specific  heat  of  steam,  was  em- 
ployed in  calculating  the  percentage  of  moisture,  and  special 
experiments  were  made  to  show  how^  nearly  this  method  would 
agree,  in  the  case  of  the  12-inch  drum,  with  the  experimental 
normal  reading  for  dry  steam.  These  experiments,  from  the 
nature  of  the  apparatus,  could  be  made  only  with  steam  just 
at  the  point  of  superheating,  or  with  slightly  superheated 
steam,  and  the  results  obtained  were  the  same  as  in  similar 
tests  made  on  a  Barrus  calorimeter,  and  given  in  the  paper  on 
"  Errors  of  Calorimeters." 

It  was  found  that  the  experimental  normal  reading  for  steam 
probably  near  the  maximum  state  of  dryness,  w^hen  corrections 
were  made  for  all  radiation,  and  the  temperatures  were  cor- 
rected so  as  to  correspond  to  those  registered  by  an  air  ther- 
mometer, was  about  3  degrees  higher  than  the  theoretical 
normal  reading. 

The  initial  pressure  in  all  the  tests  was  about  80  pounds  per 
square  inch  above  the  atmosphere. 

With  steam  that  w^as  slowly  condensing  the  tests  made  in  con- 
nection with  the  "  Errors  of  Calorimeters  "  show^ed  that  the 
normal  reading  with  a  Barrus  calorimeter  was  3  degrees  lower 
than  for  steam  of  the  maximum  dryness,  so  that  if  this  same  dif- 
ference applies  to  the  12-inch  drum,  the  experimental  normal 
reading  for  steam  which  is  slowly  condensing,  and  therefore  con- 
tains the  maximum  amount  of  moisture,  w^ould  be  about  the 
same  as  the  theoretical  normal  reading,  employing  a  factor  of 
0.48  for  the  specific  heat  of  steam.  It  was  impossible  to  regu- 
late the  quality  of  the  steam  in  determining  the  experimental 
normal  reading  of  the  12-inch  drum  N,  so  as  to  be  certain  of  the 
exact  condition  in  which  it  existed  at  T^.  The  tests  given  in  the 
Appendix  show,  however,  that  the  possible  discrepancy  from  this 
cause  was  less  than  that  equivalent  to  /,  of  1  per  cent,  of  priming. 

Three  series  of  tests  w^ere  made.  In  the  first  there  was  no 
mixing  device  placed  at  D.  In  these  it  was  found  that  the 
thermometer,  H,  would  indicate  superheating  with  considerable 
moisture  entering  the  calorimeter  nozzle,  V.     The  second  series 
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TABLE   I. 


Percentage  of  Total  Moisture  entering  a  3-inch  Horizontal  Steam 
Pipe  that  is  Kkmoved  by  a  |-inch  Drip  Pipe. 

The  moisturt*  in  each  case  \v:is  either  thoroughly  mingled  with  the  steiim,  or  the  greater  part  of 
it  \v:is  near  tht-  top  of  the  3-iuch  pipe  at  a  point  8  feet  dis^taiit  from  tiic  ^-inch  drip  pipe.  Much  of 
the  nioi<tiirt'  had.  therefore,  to  fall  through  a  distance  nearly  equal  to  the  diameter  of  the  3-inch 
pipe  before  it  was  drawn  out  at  the  i-inch  drip  pipe. 


ConditioDs  under  which  the  tests  were 
made. 


Flnt»erie«of  Test*.    Moisture  produced 
bv  the  cooling  pipe  marked  B  in  Fig.  1.  -| 
No  mixing  device  at  D.  I 

i 

r 


Second  series  of  TextB,  in  which  a  mixing 
device  wa«  placed  at  D  to  thoroughly  \ 
mingle  the  hteaui  and  water. 


Thlr'I  •«t1^.  of  Tf-afM.  ill  which  the  steam  : 
•'  loiHttire  was  supplied  ; 

^■-  '  ill    a-inch    pipe,  and  \ 

fl/jw-i    tiirou/h    an    elbow    into    the 
bori/>.nial  S-ii.c.h  pi|K;. 


Sperial  trvu  In  Third  H^-Ha*.  Jn  which  a  I 
Ptalr  WM  pl«c«-  ,    drip   pipe 

•^•dmf  totbeca  '»  an  to  cfii--' 

»«rt  all  molMuri    ,.,;ur  the  hot 

toM  of  the  pipe. 
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31.1 

2.1 

0.1 

95.0 

27 

20.9 

12.1 

0.5 

96.8 

28 

20.6 

7.8 

0.0 

100.0 

29 

20.5 

2.5 

-0.1 

100.0 

80 

20.2 

3.8 

0.1 

97.1 

31 

15.8 

5.6 

-0.2 

100.0 

32 

15.4 

8.7 

-0.2 

100.0 

33 

42.1 

3.5 

1.1 

60.6 

34 

42.1 

2.2 

1.2 

49.4 

35 

41.9 

2.4 

1.1 

57.4 

36 

38.1 

2.4 

0.6 

77.8 

87 

34.3 

2.5 

0.1 

96.7 

38 

33.1 

3.4 

0.0 

100.0 

39 

26.9 

7.3 

-0.1 

100.0 

40 

26.8 

4.8 

0.0 

100.0 

41 

2(j.5 

4.3 

-0.1 

100.0 

42 

20.2 

13.1 

0.4 

97.4 

43 

20.2 

4.9 

0.0 

100.0 

•TT. 


ttf'rrci  r  nrrna  r.f  r.» 


-  'oiiiiiiii  jtrf;  ralculatcd  from  the  Biipcihcatinfj  in  the 

'  1  "f  1  percent.    TIk;  rniiiiiH  valuen  areeither  accidental 

,  .  -     •"  t  ttiar  the  Hfeum  w.iH  initially  Hn|)("rlieated,  and  tended 

'J  01  pn^iuciug  u  Bligbtly  higher  "  normal  reading  "  than  that  given  by  the  theo- 
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of  tests  was  made  after  adding  the  mixing  device,  D.  In  tlie 
third  series  of  tests  the  3-inch  pipe  containing  the  cooling  pipe, 
B,  was  lowered,  together  with  the  mixing  device,  D,  and  the  steam 
Avas  made  to  pass  through  an  S-shaped  connection  of  3-inch 
pipe  into  the  pipe  E.  This  caused  the  steam  which  was  admitted 
to  E  to  pass  upward  through  a  vertical  pipe,  then  turn  through 
an  elbow  into  the  pipe  E.  The  object  of  the  latter  arrangement 
w^as  to  make  the  mixture  of  steam  and  water  enter  the  pipe  E 
at  the  same  velocity  at  which  it  flowed  through  the  pipe  E. 
When  the  steam  and  moisture  entered  the  3-inch  pipe  directly 
from  a  |-inch  hole  in  the  mixing  device,  D,  it  was  initially  at  a 
much  greater  velocity  than  the  average  velocity  in  the  pipe  E, 
but  it  was  considered  best  to  make  tests  in  this  way,  so  as  to 
have  one  set  of  tests  in  which  the  conditions  were  as  severe  as 
possible. 

An  Appendix  is  added,  which  gives  the  calculation  of  one 
of  the  tests  in  detail,  together  with  the  results  of  experiments 
to  determine  the  radiation,  and  the  details  of  the  tests  made 
to  obtain  the  normal  reading  of  the  12-inch  drum. 

APPENDIX. 

The  percentage  of  moisture  in  the  steam  was  calculated  from 
the  amount  of  superheating  of  the  steam  in  the  12-inch  drum 
marked  N  in  Fig.  282.  Corrections  were  made  for  all  radiation. 
The  drum  iV'  was  the  same  one  which  was  employed  in  the  tests 
to  determine  the  accuracy  of  small  throttling  calorimeters,  and 
Avhich  was  shown  to  give  results  that  were  accurate  to  within  ^ 
of  1  per  cent,  of  priming.* 

To  determine  the  radiation,  superheated  steam  was  passed 
through  the  apparatus,  the  valve  M  being  wide  open.  The  temper- 
ature of  the  superheated  steam  was  made  such  that  the  thermom- 
eter P,  in  the  drum  N,  registered  the  temperature  which  existed 
throuo^hout  the  reo^ular  tests. 

The  rate  of  flow  of  superheated  steam  in  pounds  per  hour  was 
varied  in  the  tests  for  radiation,  so  that  the  correction  correspond- 
ing to  the  particular  velocity  could  be  made  for  each  of  the 
regular  tests.  The  pressure  in  the  drum  N  was  the  same  as 
existed  in  the  regular  tests. 

In  the  radiation  tests  the  Barrus  calorimeter  was  removed,  and 

*  Transactions,  vol.  xvi.,  p,  448. 
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;i  iiieroiiry  column  wtis  placed  at  V.     The  results  of  the  tests  for 
nulialion  are  given  in  Table  A. 

The  corrections  for  radiation  in  degrees  Fahr.  are  about  equal 
to  4,550  -f-  weight  of  steam  in  pounds  per  hour,  and  this  value  has 
been  eniploved  in  calculating  the  corrections  for  radiation,  which 
were  applied  to  all  the  tests. 

Before  making  the  final  calculations  experiments  were  made  to 
determine  the  '^  normal  reading"  of  the  drum  J^.  These  experi- 
ments could  not  be  made  with  a  great  degree  of  refinement,  as  it 
was  impossible  to  regulate  the  quality  of  the  steam  so  as  to  bring 
it  to  a  known  condition  when  it  reached  the  throttling  valve. 

It  was  shown,  in  my  test  on  a  Barrus  calorimeter,  that  3 
deorees  difference  in  the  temperature  of  the  outlet  steam  could  be 
obtained  with  steam  which  was  of  the  maximum  dryness  without 
su|-)erh eating,  and  with  steam  which  was  slowly  condensing  and 
contained  the  maximum  amount  of  mist.* 

In  obtaining  the  normal  readings  of  the  drum  ^  it  was  im- 
possible to  regulate  the  quality  of  the  steam  closer  than  the 
equivalent  in  priming  of  this  amount  of  superheating,  which  is 
about  i  of  1  per  cent.  It  is  probable,  however,  that  the  steam 
used  in  obtaining  the  normal  readings  was  nearly  at  the  maxi- 
mum state  of  dryness,  for  it  was  initially  superheated,  and  was 
cooled  only  to  such  an  extent  that  a  small  amount  of  water 
appeared  at  intervals  at  the  bottom  of  the  pipe  at  the  point  F, 
with  no  supei'heating  registered  by  the  thermometer  at  II. 

The  experiments  to  determine  the  normal  readings  were  made 
after  the  S-.shaped  connection  had  been  added  to  the  apparatus 
shown  in  Fig.  282,  so  that  the  steam  which  was  initially  super- 
heated passed  first  through  a  pipe  containing  the  cooling  pipe  B, 
and  the  mixing  device  />,  and  tiience  through  the  S-shaped  con- 
nection to  the  pipe  K  The  amount  of  cooling  water  admitted  at 
C  was  regulated  so  that  moisture  would  appear  in  small  amounts, 
and  only  at  intervals,  in  the  separator,  K,  of  the  Barrus  calo- 
rimeter. 

The  results  of  the  tests  are  given  in  Table  B. 

An  examination  of  the  results  of  tests  contained  in  Table  B 
will  show  that  the  experimental  normal  readings  were  about 
3  degrees  Fahr.  higher  tiian  the  theoretical  normal  readings. 

If  the  steam  in  the  experiments  was  at  or  near  the  maximum 
state  of  dryness,  which,  as  has  already  been  stated,  was  probably 

•  TransarMons,  vol.  xvi.,  p.  460. 
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the  case,  then,  subtracting  3  degrees  for  the  difference  in  the 
states  of  steam  in  this  condition  and  Avhen  slowly  condensing,  the 
reading  of  the  drum  iT  for  steam  which  is  slowly  condensing  will 
ao^ree  with  the  theoretical  normal  reading". 

The  theoretical  normal  readings  were  employed  in  calculating 
the  results  given  in  Table  L,  for,  as  has  been  stated  in  my  article 
on  calorimeters,  we  do  not  know  which  of  the  above  states  of  the 
steam,  if  either,  is  the  same  as  the  steam  used  in  Regnault's  ex- 
periments ;  and  the  experiments  just  described  to  determine  the 
normal  reading  of  the  12-inch  drum  iV^,  show  that  there  cannot 
be  a  discrepancy  of  over  ^  of  1  per  cent,  of  priming,  which  is 
about  the  variation  of  duplicate  tests. 

Tests  to  determine  the  normal  reading  of  the  12-inch  drum  iV 
were  also  made,  in  which  there  was  a  slight  amount  of  super- 
heating registered  by  the  thermometer  at  H.  The  results  of 
these  tests  are  given  in  Table  C,  and  show  that  there  is  a  differ- 
ence between  the  experimental  and  theoretical  normal  readings 
of  over  6  degrees  Fahr. 

Assuming  the  figure  obtained  in  this  way  to  be  the  true  normal 
reading  for  steam  of  the  maximum  state  of  dryness,  and  that  the 
normal  reading  for  steam  which  is  slowly  condensing  is  3  degrees 
lower,  as  was  found  to  be  true  for  the  Barrus  calorimeter,  then 
there  is  a  discrepancy  in  the  results  in  Table  I.  of  3  degrees  in 
the  normal  reading,  or  of  about  ^  of  1  per  cent,  of  priming.  It 
may  be,  however,  that  the  steam  requires  more  heat  to  produce 
the  first  one  or  two  degrees  of  superheating  than  it  does  at  the 
higher  temperature,  where  it  approaches  more  nearly  to  the 
properties  of  a  perfect  gas.  If  this  is  so,  the  discrepancy  of  3 
degrees  in  the  normal  readings,  obtained  with  the  superheated 
steam,  may  disappear. 

The  normal  reading  of  the  Barrus  calorimeter,  as  has  been 
already  stated,  was  found  by  experiment  to  be  about  the  sanie  as 
the  theoretical,  for  steam  which  w^as  slowly  condensing,  in  tests 
which  were  given  in  my  first  paper.  In  the  present  tests  the 
same  holds  true,  within  ^  of  1  per  cent,  of  priming,  or  less,  when 
throttlino^  from  a  3-inch  into  a  12-inch  drum.  It  is  not  safe, 
however,  to  draw  a  general  conclusion  that  this  will  be  so  for  all 
methods  of  throttling,  or  even  for  a  method  of  throttling  in 
which  the  conditions  are  exactly  in  accord  with  the  theoretical 
formula. 

We  expect  to  make  further  experiments  to  cover  this  ground. 
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The  radiation  of  tlio  Barrus  calorimeter  was  allowed  for  in  the 
manner  described  in  my  paper  on '' Tests  for  Accuracy  of  Small 
lliroltlinti-  C^ilorinieters.''  The  radiation  of  the  separator  portion 
was  equivalent  to  3.9  degrees  of  superheating. 

The  ex|XM'imental  normal  readings  of  the  heat-gauge  portion 
averaf*"e<l  1.1  degrees  Fahr.  lower  than  the  theoretical  normal 
readint^,  when  no  correction  was  made  for  radiation,  and  the 
quality  of  the  steam  was  so  regulated  that  there  was  a  small 
amount  of  water  removed  by  the  separator  portion  of  the  calo- 
rimeter. The  correction  for  radiation  of  the  heat-gauge  portion 
was  about  IJ  degrees  Fahr.,  so  that  there  was  a  discrepancy  of 
about  A  degree  Fahr.  between  the  theoretical  and  experimental 
reading,  which  was  less  than  the  probable  error  in  the  experi- 
ments. 

The  average  results  obtained  with  the  heat-gauge  portion  of  the 
Barrus  calorimeter  are  given  in  Table  D. 

In  all  the  tests  the  weight  of  steam  condensed  in  the  condenser 
and  di'awn  from  the  separator  of  the  Barrus  calorimeter  was 
recorded  every  five  minutes.  All  other  readings  were  made  every 
two  and  one-half  minutes.  A  continuous  record  was  preserved, 
and  only  those  portions  of  the  records  where  the  readings  showed 
that  the  conditions  were  uniform  were  used  in  calculating  out  the 
results  of  the  tests.  The  averao^e  leng-th  of  these  selected  intervals 
was  alx)ut  twenty  minutes. 

The  readings  of  the  thermometers  were  corrected,  so  that  the 
temperatures  employed  in  calculating  the  results,  and  given  in  the 
tables,  are  those  that  would  be  registered  by  an  air  thermometer. 

Mkthod  ok  Computing  the  Results  Given  in  Table  I. 
Tli»-  data  and  calculations  in  detail  of  Test  No.  17  are  as  follows  : 

1.  Darationof  selected  interval  over  wliicli  average  data  are  obtained,  in 

niinutefi 20 

2.  8tMni  CftndenHed  in  surface  condenser,  in  pounds  per  hour 622 

8.  Steam  paHning  through  orifice  of  Barrus  calorimeter,  in  pounds  per 

hour 58 

4,  W«t»-r  drawn  from   separator  of   Harrus  calorimeter,  in  pounds  per 

hoar 63.75 

5,  RqiiiTal«>nt  of  ra/liation  of  separator  of  Barrus  calorimeter,  in  pounds 

P*'  hour 0.12 

6.  Moimure  paaning  through  orifice,  corrected   for  radiation,  in  pounds 

p^r  l.our 0.09 

7.  Mointure   entering  drip.y.ipe  learling  to    tlie    Barrus  calorimeter,    in 

poandfl  p«-r  hoar  t^  line  4  —  line  5  +  line  6 653.73 


DISTRIBUTION   OF   MOISTURE   IN   STEAM. 


1027 


8.  Total  weight  of    steam  and   water  passing  through   the  three-inch 

pipe,  in  pounds  per  hour  =  line  2  +  line  3  -f  line  4 

9.  Temperature  of  steam  in  twelve-inch  drum  iV,  in  degrees  Fahr 

10.  Correction  for  radiation  of  twelve-inch  drum  JV,  the  valve  M,  and 

all  piping  between   the  valve  M  and  the  Barrus  calorimeter,  in 
degrees  Fahr.  =  4,550  h-  line  2 

11.  Temperature  of  steam  in  twelve-inch  drum  iV^,  corrected  for  radiation, 

in  degrees  Fahr.  =  line  9  +  line  10 

12.  Pressure  of  steam  in  three-inch  pipe,  in  pounds  per  square  inch  above 

atmosphere  =  pi 

13.  Pressure  of  steam  in  twelve-inch  drum,  in  pounds  per  square  inch 

above  atmosphere  =  p^ 


14.  Normal  reading  of  twelve-inch  drum  = 


0.48 


+  ti 


15.  Percentage  of  moisture  in  steam  entering  twelve-inch  drum  =  (line 

14  —  line  11)   x  0.48  x  100  -r- latent  heat  at  pressure  p, 

16.  Moisture  in  steam  entering  twelve-inch  drum  JV,  in  pounds  per  hour, 

=  line  2  X  line  15  -f-  100 

17.  Total  moisture  per  hour  in  steam  passing  through  the  three-inch  pipe 

=  line  7  4-  line  16 

18.  Percentage  of  moisture  in  steam  passing  through  the  three-inch  pipe 

=  line  17  X  100  -4-  line  8 

19.  Percentage  of  total  moisture  removed  by  the  half-inch  drip  pipe  lead- 

ing to  the  Barrus  calorimeter,  in  per  cent.  =  line  7  x  100  -i-  line  17. 

20.  Dry  steam  passing  through  three-inch  pipe,  in  pounds  per  hour,  =  line 

8  -  line  17  

21.  Velocity  of  steam  in  three-inch  pipe  in  feet  per  second  =  line  20  x 

volume  of  one  pound  of  steam  at  pressure  jpi  -v-  (3,600  x  area  of 
pipe  in  square  feet).  The  exact  diameter  of  the  three-inch  pipe  was 
three  and  one-eighth  inches 

TABLE  A. 


744 
271.1 


7.3 

278.4 

80.2 

0.2 
283.3 

0.27 

1.68 

65.40 

8.8 
97.4 

679 

16.0 


O 

a 

Temperature  of  super- 
heated steam,  in  de- 
grees Fahrenheit. 

Pressure  of  superheated 
steam,   in     lbs.     per 
square  inch  above  at- 
mosphere. 

Loss  of  superheat- 
ing due  to  wire- 
drawing of  steam 
in  deg.  Fahr.* 

Correction  for  ra- 
diation. 
Col.  2  -  col.  3  - 
col.  6. 

S3  US 
0)  o 

°  ft 

ction  for  ra- 

ion    by    for- 

a, 

»  -5- weight  of 

m  per  hour. 

3-in.  pipe. 

12-in.  drum. 

3-in.  pipe. 

12-in.  drum. 

Corrt 
dia 
nm 

stea 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

2 
3 

282.9 
271.6 
283.1 

277.9 

264.8 
276.1 

1.18 

0.50 
0.50 

0.27 
0.10 

0.10 

1.1 

0.5 
0.5 

3.9 
6.3 

6.5 

1170 
718 
688 

3.9 
6.3 
6.6 

Loss  of  superheating  due  to  wiredrawing  =  (/j  -  f^)  — 


t^  =  temperature  of  saturated  steam  corresponding  to  pressure  before  throttling. 

<2  =  temperature  of  saturated  steam  corresponding  to  pressure  after  throttling. 
Hi  =  total  heat  of  saturated  steim  before  throttling. 
S'a  =  total  heat  of  saturated  steam  after  throttling. 
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TABLE    B. 
Tests  to  Determine  the  Normal  Reading  of  the  Drum  N. 


If 

Pressure    in    lbs.    per 
square    inch    above 
atmosphere. 

Temperature    of 
steam    in    12-inch 
drum,  in    degrees 
Fahrenheit. 

Weight     of     steam 
passing     through 
apparatus,  in    lbs. 
per  hour. 

Correction  for  radia- 
tion,   in     degrees 
Fahrenheit. 
4550  -4-  col.  5. 

Normal  reading   by 
experiment. 
Col.  4  -1-  col.  6. 

"3 
o 
^        + 

P'^    1     "^ 
^'O    1 

O  ■:3.  «  O 

Difference    between 
experimental    and 
theoretical  normal 
reading,  in  degrees 
Fahrenheit. 

'^ 

Sin.  pipe. 

12-in.  drum. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

81.0 

0.4 

281.8 

1403 

3.2 

285.0 

284.1 

0.9 

o 

81.4 

0.8 

288.5 

1102 

4.1 

287.6 

284.1 

3.5 

3 

81.3 

0.2 

280.7 

811 

5.6 

386.3 

283.9 

2.4 

4 

83.9 

0.1 

281.4 

583 

7.8 

289.2 

285.1 

4.1 

5 

80.7 

0.1 

280.4 

608 

7.4 

287.8 

283.5 
Average, 

4.3 

3.0 

TABLE  C. 

Tests  with  Superheated  Steam  to  Determine  the  Normal  Reading  op 

the  Drum  N. 


1  ! 

is 
a 

Pr«>«nire  in  lbs.  per 
ttquare  inch  above 
atmottphcrc. 

Superheating  by  ther- 
mometer ?/,  "in  de- 
grees Fahrenheit. 

T  e  m  p  e  r  a  t  u  r  e  of 
steam     in    12-inch 
drum  .V.  in  degrees 
Fahrenheit. 

Weight     of     steam 
passing      through 
apparatus,  in    lbs. 
per  hour. 

Correction  for  radia- 
tion,   in     degrees 
Fahrenheit. 
4550  H-  col.  6. 

Normal  reading   by 
experiment. 
Col.  6  +  col.  7. 

"3 
S 

h. 

CO 

^^ 
O 

^ence    between 
erimental    and 
oretical  normal 
iings.    in     de- 
es Fahrenheit. 

9 

^in.  pipe. 

79.7 
80.4 

12-fn.  drum. 

Diffei 
exp 
the 
rea 
gre 

1 

8 

4 

5 

6 

7 

8 

9 

10 

1 

0.4 
0.4 

4.0 
3.8 

290.6 
290.0 

1305 
1322 

3.3 
3.4 

293.9 
294.0 

387.2 
287.4 

6.7 
6.6 

•  S«mi>  a«  In  Table  B  +  degrees  of  superheating  given  in  col.  4. 
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TABLE   D. 


Water  Drawn  from  Separator  Portion 
OF  Barrus  Calorimeter. 

Moisture  Passing  through  Throttling 
Orifice  of  Heat  Gauge. 

Lbs.  per  hour. 

Percentage. 

Equivalent  in   degrees 
Fahrenheit  of  super- 
heating. 

Percentage  of  moisture. 

5 

7.9 

0.0 

0.0 

15 

20.5 

0.3 

0.0 

25 

30.1 

1.0 

0.1 

40 

40.8 

2.0 

0.1 

60 

50.8 

2.6 

0.1 

80 

58.0 

2.9 

0.2 

100 

63.3 

3.6 

0.2 

120 

67.4 

4.6 

0.2 

DISCUSSION. 


Mr.  Meier. — Did  you  try  that  on  a  vertical  pipe  ? 

Professor  Jacohus. — We  made  no  experiments  with  a  vertical 
pipe. 

Professor  Carpenter. — We  have  also  been  making  some  experi- 
ments to  see  if  we  could  get  any  light  on  the  subject  relating  to 
the  method  of  obtaining  a  fair  sample  of  steam,  and  I  might  say 
a  few  words,  just  to  supplement  what  Professor  Jacobus  has  said. 
Our  work  was  done  in  a  little  different  way. 

The  rough  sketch  (Fig.  283)  will  give  some  idea  of  the  arrange- 
ment for  our  tests. 

A  steam-pipe  three  inches  in  diameter  was  surrounded  with  a 
jacket  of  piping,  shown  at  J,  forming  a  chamber  through  which 
water  might  be  made  to  flow  at  any  desired  rate. 

This  water  was  used  to  condense  the  steam  in  the  main  steam- 
pipe,  and  in  this  manner  to  provide  any  desired  amount  of  moist- 
ure in  the  steam.  The  wet  steam  first  passed  upward,  thence 
through  a  piece  of  horizontal  pipe  about  six  feet  in  length,  thence 
downward  through  a  short  piece  of  vertical  pipe,  thence  upward 
through  a  steam  separator,  iS',  then  to  a  horizontal  pipe  and 
through  a  throttling  orifice  at  (9,  thence  into  a  discharge-pipe, 
leadincr  either  to  the  air  or  to  a  surface  condenser. 
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Nipples  of  various  styles,  through  which  samples  of  steam  for 
caloriinetric  determination  would  be  drawn,  were  attached  to  both 
horizontal  and  vertical  pipes,  at  points  marked  A,  A^,  a,  a^,  a^,  etc. 

(thiss  buirs-eyes  were  arranged  opposite  each  other  at  points 
niarkeil  7>,  in  such  a  manner  that  by  placing  an  electric  lio-ht  on 
one  side,  a  pei'son  could  plainly  observe  the  phenomena  takino- 
place  inside  the  pipes,  from  the  opposite  side. 

As  will  be  noticed,  the  peep-holes  were  located  in  both  hori- 
zontal and  vertical  pipes.  The  sampling  nipples  were,  in  nearly 
every  case,  adjustable,  and  so  arranged  that  a  sample  of  steam 


Fig.  283. 


could  l>e  taken  from  fiHy  portion  of  the  pipe.  Various  kinds 
were  triefl ;  some  with  perforations  of  various  sizes,  and  others 
with  a  sht  which  could  be  set  at  any  angle  with  the  pipe.  We 
tried  to  take  photographs  of  the  condition  of  the  interior,  but 
were  not  succef^sful.  Possibly,  our  light  was  not  strong  enough. 
Wo  found  out  a  good  many  things  that  were  quite  unexpected. 
A8  to  the  general  results  of  our  experiments,  I  will  simply  say 
here  that  we  obtained  no  conclusions  whatever  to  offer  at  the  pres- 
ent time.  Before  the  steam  reached  the  pipes  where  we  had  the 
calorimeters  we  fixed  up  to  vary  the  moisture,  by  the  use  of  a 
J^ket,  which  could  be  filled  with  water  to  any  height  desired. 
we  could  change  the  amount  of  moisture  in  the  pipe  by  varvino- 
the  amount  of  water  in  the  jacket  from  2  per  cent,  to  about  30 
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per  cent.  We  discharged  in  a  superheating  drum,  F^  exactly  as 
Professor  Jacobus  did,  and  we  tried  to  measure  the  quahty  in  the 
discharge  by  the  same  method.  We  found  by  inspection  that 
when  the  steam  contained  about  6  per  cent,  and  over  of  water,  that 
the  components,  water  and  steam,  would  not  mix  under  any  con- 
ditions, and  that  the  water  would  run  in  a  stream  in  the  horizontal 
pipes,  the  position  of  this  stream  varying  with  the  velocity.  If 
the  velocity  was  small,  that  water  would  run  right  along  on  the 
bottom.  If  the  velocity  w^as  high,  that  water  would  move  with  a 
w^hirling  motion,  keeping  in  contact  Avith  the  whole  interior  cir- 
cumference ;  the  interior  of  the  pipe  would  apparently  contain 
dry  steam  ;  at  least,  it  was  so  that  we  could  look  right  through,  and 
we  could  see  the  water  encircling  the  whole  pipe,  for  a  distance 
of  six  or  eight  feet.  That  condition  seemed  to  vary  with  the 
rate  of  flow.  The  highest  rate  of  flow  that  we  could  get  was 
probably  250  feet  per  second.  The  range  covered  in  our  experi- 
ments was  from  25  to  250  feet  per  second  in  round  numbers,  but 
I  cannot  give  you  the  exact  limits.  In  the  vertical  pipe  we 
obtained  some  unexDected  results.  We  found  that  water  which 
would  pass  over  in  the  horizontal  pipe  would  fall  in  a  stream  in  the 
vertical  pipe,  and  would  take  different  positions,  according  to  the 
velocity.  It  evidently  went  over  in  the  form  of  a  little  w^ater- 
fall,  which  was  projected  a  greater  or  less  horizontal  distance, 
as  the  velocity  varied.  We  had  nipples  («^,,  a^^  a^^  a^  arranged 
so  that  we  could  take  samples  from  different  distances  from  the 
elbow.  I  think  we  obtained  the  most  uniform  and  most  accurate 
results  with  a  nipple  provided  with  a  slit  in  the  top,  which  could 
be  adjusted  in  position  in  the  pipe.  The  quality  of  steam  obtained 
from  these  various  collecting  nipples  varied  greatly,  both  with 
the  position  of  the  nipple  and  the  depth  to  which  it  was  inserted 
into  the  pipe.  The  paper  by  Professor  Jacobus  describes  essen- 
tially our  experience  in  obtaining  samples  from  the  horizontal 
pipe.  The  quality  of  the  samples  in  the  vertical  pipe  varied 
greatly  with  the  velocity  of  the  steam.  For  instance,  a  sample 
taken  from  a,  would,  when  the  velocity  was  high,  contain  an 
excessive  amount  of  water ;  when  the  velocity  was  low  it  would 
contain  a  small  amount.  Samples  taken  from  the  opposite  side 
of  the  pipe,  as  at  a^,  would  vary  in  the  inverse  manner.  The 
stream  of  water  was  evidently  projected  over  in  a  curved  line, 
somewhat  like  rs  in  the  sketch,  varying  in  position  with  change 
of  condition  of  the  steam,  so  that  our  samples  from  the  various 
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nipples  were  not  uniform,  and  except  b}^  accident  were  not 
comparable,  in  any  ^vay,  with  the  total  amount  of  water  in  the 
steam.  We  also  tried  special  arrangements  for  mixing  the  steam 
hffore  drawing  the  sample.  After  trying  various  devices, w^e  finally 
^.jt  in  a  verv  fine  screen  across  the  vertical  pipe  and  above  the 
rollectinix  nipples,  at  t  in  the  sketch,  and  that  seemed  to  mix  water 
and  steam  thorough!}^ ;  for,  so  long  as  that  screen  remained  in, 
although  it  may  have  had  some  effect  in  reducing  the  pressure,  it 
giive  us  very  uniform  and  accurate  samples,  as  checked  up  b}^  con- 
(lonsiniT  the  whole  bodv  of  steam.  The  screen  was  made  of  fine 
brass  wire,  the  same  as  used  for  milk  strainers.  We  were  con- 
fronteil  by  another  difficulty,  and  this  was  the  final  cause  of  our 
•not  arriving  at  any  conclusion.  Professor  Jacobus  evidently 
found  the  same  thing.  In  order  to  get  at  the  phj^sical  quality  of 
the  steam  we  jilaced  a  separator  on  our  apparatus,  and  then  we 
passed  tlie  remaining  steam  through  a  throttling  orifice  opening 
into  a  large  drum,  practically  as  Professor  Jacobus  has  shown,  in 
order  to  sm>erheat  the  total  sample,  and  in  this  way  obtain  steam 
which  contained  no  water  whatever.  We  found,  to  our  surprise, 
that  we  could  superheat  30  to  40  degrees  by  throttling  when  this 
drum  was  half  full  of  water. 

We  found  that  steam  containing  a  large  amount  of  water,  say  10 
to  20  per  cent.,  would  pass  through  the  orifice  0  into  the  drum 
/"",  without  mixinf^  with  the  steam  to  anv  ^ifreat  extent,  or  sufii- 
ciently  to  pi*event  it  being  superheated  by  throttling. 

We  found  that  our  steam  in  the  drum,  as  determined  b}^ 
the  principle  applying  to  the  throttling  calorimeter,  contained  less 
than  4  of  1  percent,  of  moisture,  whereas,  from  other  data,  we  knew 
that  it  contained  many  times  that  amount. 

J  may  say  that  our  experiments  are  not  completed,  and  we 
hope  to  obtain  in  tiie  future  something  definite  and  conclusive 
regarding  this  matter.  Our  present  belief  is,  that,  if  steam  con- 
tains a  great  deal  of  moisture  it  is  nearly  impossible  to  draw  out 
a  fair  sample;  tluit  if  it  contains  only  2  or  3  per  cent,  our 
present  methcxls  of  sampling  are  fair  ones,  and  give  reliable 
rwiultii.  Oar  experience  leads  us  to  believe  that  the  throttling 
calorimeter  Umds  to  show  the  high  quality  of  the  steam,  and 
that  it  is  not  as  reliable  as  the  steam-jacketed  separating  instru- 
ment. 

Mr.  WUUam  Keni.—  \  would  like  to  ask  Professor  Jacobus,  if 
he  bad  a  boiler  test  to  make  and  was  asked  to  report  upon  the 
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percentage  of  moisture  in  the  steam  delivered  from  the  boiler, 
how  he  would  go  about  getting  it  ? 

Professor  Jacobus. — There  is  only  one  way  to  obtain  the  exact 
amount,  provided  the  steam  is  to  be  used  by  an  engine,  and  that 
is,  to  remove  the  moisture  by  means  of  a  separator,  or  by  means 
of  a  drip  pipe,  and  weigh  it.  If  the  steam  is  to  be  wasted,  or  is 
to  be  used  at  a  low  pressure,  the  whole  amount  delivered  by  the 
boiler  could  be  throttled,  and  the  amount  of  moisture  in  it  de- 
termined b}^  the  amount  of  superheating  after  throttling. 

If  a  separator  is  used  in  the  main  pipe,  then  we  can  weigh  the 
amount  of  moisture  discharged  from  the  separator,  and  make 
tests  with  a  calorimeter  to  determine  if  the  steam  leaving  the 
separator  is  practically  dry.  If  the  calorimeter  indicates  no 
moisture,  and  no  drip  water  can  be  obtained  from  the  bottom  of 
the  pipe,  at  a  point  where  it  would  be  present  should  it  settle  out 
of  the  steam,  then  we  would  know  that  the  steam  was  dry.  If 
there  were  conditions  regarding  velocity  similar  to  those  which 
existed  in  my  experiments,  a  drip  pipe  placed  in  the  proper  posi- 
tion in  a  horizontal  pipe  might  be  relied  on  to  remove  all  the 
moisture  which  passed  the  separator,  and  that  this  was  the  case 
could  be  checked  by  means  of  a  calorimeter. 

Prof.  ir.  F.  3L  Goss. — I  will  confess  that  my-  conception  of 
the  actual  condition  of  moisture  in  steam  has  been  under  revision 
for  several  3^ears.  It  was  not  so  long  ago  that  I  believed  in  fog 
and  mist  of  a  very  dense  kind.  The  developments  of  the  last 
few  years,  however,  have  justified  the  belief  that  in  any  mixture 
of  steam  and  water  in  a  pipe,  the  steam  is  present  as  steam,  and 
the  water  as  water.     The  paper  confirms  this  belief. 

A  few  weeks  ago  I  had  an  opportunity  to  view  the  interior 
of  a  Babcock  <k  Wilcox  boiler  when  it  was  generating  steam 
under  pressure,  and  what  I  saw  in  the  boiler  agrees  with  what 
Professor  Jacobus  has  found  in  the  pipe.  The  water,  as  it  came 
up  from  the  headers,  presented  a  smooth  white  surface.  Its 
appearance  was  that  of  small  white  beads  in  rapid  motion.  There 
were  beads  of  water  which  were  sent  up  above  the  general  level 
of  the  surface,  and  occasionall}^  these  would  ascend  to  a  consider- 
able heiofht,  but  thev  were  alwavs  of  considerable  size.  There 
were  no  finely  divided  particles  of  water  to  be  seen,  nothing 
approaching  the  appearance  of  a  mist. 

The  paper  indicates  that  it  is  practically  impossible  to  get  a 
fair  sample  of  steam  from  a  horizontal  pipe.     I  do  not  see  that 
66 
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this  can  be  done.  Moreover,  I  believe  that  it  is  ahnost  as  difficult 
to  obtain  such  a  sani[)le  from  a  vertical  pipe.  I  have  had  occasion 
to  observe  the  jet  of  exhaust  steam  in  the  smoke-box  of  a  locomo- 
tive, the  front  of  the  smoke-box  being  open,  and  the  speed  of  the 
en<''ine  beino^  about  thirty  miles  an  hour.  All  around  the  out- 
siile  of  the  jet  there  could  be  seen  a  thin,  lace-like  film  of  water, 
extending  upward  from  the  exhaust-tip  for  a  distance  of  ^  or  | 
of  an  inch,  the  upper  edge  being  ragged,  and  its  outline  constantly 
changed.  The  observations  Avere  repeated  a  number  of  times, 
under  different  conditions ;  the  film  of  water  was  always  there. 
Its  presence  indicates  that,  in  a  vertical  pipe,  a  large  portion  of 
the  moisture  which  may  be  present  Avith  the  steam  creeps  along 
as  water,  in  contact  with  the  walls.  It  is  for  this  reason  that  I 
think  it  difficult  to  get  a  fair  sample  of  moist  steam,  even  from  a 
vertical  pipe. 

Mr.  Daniel  Boyse. — I  sliould  like  to  ask  Professor  Goss  what 
the  pressure  Avas  in  the  Babcock  &  Wilcox  boiler. 

Proft.'isor  GoHs. — The  pressure  Avas  light,  about  10  pounds. 
Mr.  E.  J.  Willis. — It  is  tiie  modern  meteorological  theory  that 
water  vap<-)r  only  condenses  upon  a  surface.  In  other  words,  no 
matter  how  saturated  the  atmosphere  becomes,  its  Avater  only 
condenses  upon  an  exposed  surface.  On  the  earth  this  condensa- 
tion is  dew.  Aloft,  condensation  occurs  on  the  microscopic 
particles  always  present  in  our  atmosphere,  and  thus  forms 
cl«>ud.s.  When  these  particles  of  mist  unite  they  form  rain,  and 
each  drop  of  rain  brings  down  with  it  the  motes  Avliich  form 
its  nucleus.  So  thoroughly  does  the  bacteriologist  rely  upon  this 
inabihty  of  water  vapor  to  condense  except  upon  these  micro- 
pjirticles,  tliat  he  bases  upon  this  principle  the  method  of  deter- 
mining the  number  of  bacteria  and  other  micro-organisms  present 
in  tin."  atmosphere. 

We  are  so  accustomed  to  see  steam  exhausting  and  condensing 
on  these  ever-pres(;nt  motes  (thus  forming  the  white  puffs  which 
we  associate  with  condensation)  that  we  fail  to  realize  that  such 
Cfimlitions  do  not  exist  in  our  boilers,  pipes,  and  cylinders.  For 
Ht<,*am  is  the  greatest  of  sterilizers,  and  the  first  blast  frees  them  of 
all  motea.  In  these,  therefore,  condensation  occurs  only  on  the 
expr^seil  interior  surfaces,  and,  trickling  down  them,  follows  such 
oouraes  as  may  l>e  ]>rescribed  \)y  gravity  and  the  mechanical  force 
of  the  stearn  current. 

Mr.  I).  L.  Barnes. — Unless  heat  is  taken  from  the  water  it  cannot 
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condense,  and  if  the  heat  is  taken  from  the  water  it  will  condense, 
whether  motes  are  present  or  not.  The  whole  subject  seems  to 
be  a  little  involved.  I  think  we  mix  up  the  water  which  is 
entrained  from  the  boiler  with  the  water  which  is  made  by  con- 
densation in  the  pipe.  I  have  had  this  problem  to  deal  with  in 
the  case  of  locomotives.  I  put  the  calorimeter  right  where  the 
steam  comes  out  of  the  boiler,  before  it  had  an  opportunity  to 
come  into  the  pipe,  and  I  have  had  very  good  results.  I  must  say 
that  we  do  not  very  often  find  water  in  the  steam. 

To  measure  the  water  going  into  an  engine  is  not  such  a  diffi- 
cult matter  as  it  may  seem.  As  Professor  Jacobus  has  described, 
one  can  get  the  water  running  along  the  bottom  of  the  pipe  by  a 
separator,  and  the  water  in  the  steam  can  be  found  by  the  calo- 
rimeter, with  the  pipe  to  the  calorimeter  projecting  into  the 
interior  of  the  steam-pipe  about  ^  inch  or  more.  When  one 
knows  these  facts  and  the  steam  used  per  minute  one  has  some 
foundation  for  calculating  the  dryness  of  the  steam. 

Professor  Carpenter. — AVe  very  carefully  followed  Mr.  Barnes's 
directions  for  putting  the  calorimeter  in  the  pipe.  The  result 
was  that  when  we  had  steam,  4,  5,  6,  or  7  per  cent,  wet,  we  could 
not  get  over  \  oi\  per  cent,  of  moisture  in  our  calorimeter. 

Professor  Jacohus.^ — Professor  Carpenter  has  presented  the 
results  of  valuable  experiments  and  observations,  all  of  which 
tend  to  verify,  in  a  general  way,  the  results  arrived  at  in  my 
experiments.  I  do  not  consider,  however,  that  his  belief — ''  if 
steam  contains  only  2  or  3  per  cent,  of  moisture  our  present 
methods  of  sampling  are  fair  ones,  and  give  reliable  results  " — 
is  correct,  or  is  warranted  by  the  data  and  observations  which  he 
has  set  forth.  If  Professor  Carpenter  wishes  to  maintain  this 
position  he  should  present  the  experiments  on  which  he  has 
based  his  belief,  and  these  experiments  should  cover  all  practical 
conditions  in  regard  to  velocity  of  flow,  etc. 

AVe  experienced  one  of  the  difficulties  which  Professor  Car- 
penter found  with  the  superheating  drum,  but  not  the  other.  lie 
states  that  with  30  to  40  degrees  of  superheating  water  could  be 
drawn  from  the  lower  portion  of  the  drum  into  which  the  steam 
passed  after  being  throttled.  This  was  the  case  with  our  appa- 
ratus, as  I  stated  in  the  discussion  of  my  first  paper  on  this  sub- 
ject, presented  at  the  Xew  York  meeting,  t  but  the  action  was 

*  Author's  closure,  under  the  Kules. 
f  Transactions,  vol.  vxi.,  p.  465. 
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not  so  marked  as  has  been  found  bj  Professor  Carpenter.  When 
the  temperature  of  the  steam  in  the  drum  was  about  220  degrees, 
there  was  a  slight  drip  of  water  from  the  lower  portion  of  the 
drum,  and  experiments  made  to  check  the  accuracy  of  the  throt- 
tlin«i'  and  superheating  principle,  as  applied  to  the  drum,  showed 
that  the  i)ercentages  of  priming  Avere  correct  to  within  i  of  1 
|>er  cent,  up  to  nearly  this  limit. 

These  experiments  were  made  by  weighing  the  amount  of  water 
injected  in  the  steam,  and  were  described  in  my  first  paper.  We 
arranged  to  have  the  drum  placed  in  a  vertical  position,  admitting 
steam  at  the  lower  end,  in  order  to  more  thoroughly  mingle  the 
steam  and  water  when  the  moisture  approached  the  maximum 
that  could  i)e  handled  by  the  throttling  principle.  The  use  of 
baffle  plates,  similar  to  those  which  we  have  employed  in  tests 
made  on  ammonia  vapor  some  years  ago,  was  also  contemplated. 
A  review  of  the  calibration  of  the  drum  showed,  however,  that 
the  i*esults  were  correct  to  within  -J^  of  1  per'  cent,  up  to  nearly 
the  |)oint  at  which  a  di'ip  of  water  appeared  at  the  drum,  and  as 
all  the  results  to  which  we  attached  importance  were  those  in 
which  the  percentage  of  priming  was  small,  we  did  not  make  the 
alxjve  changes. 

Another  pi-ecaution  wdiich  we  observed  was  to  measure  the 
teni})erature  of  the  steam  on  leaving  the  superheating  drum,  at  a 
point  where  it  was  thoroughly  mingled  by  being  bi'ought  to  a 
high  velocity  in  passing  into  the  exit  pipe.  The  thermometer 
which  was  used  for  this  ])urpose  is  marked  Q  in  the  sketch  of  the 
apparatus.*  The  readings  of  this  thermometer  agreed  with  those 
taken  by  the  thermometer  placed  in  the  superheating  drum,  when 
allowance  was  made  for  radiation. 

W«i  did  not  iind  that  an  excess  of  moisture — 10  to  20  percent., 
as  (juote<l  by  Professor  Carpenter—could  pass  through  the  throt- 
tling valve  wiihoiu.  mixing  with  the  steam  to  any  great  extent,  or 
sufficiently  to  prevent  it  being  superheated  by  throttling;  and 
even  had  this  Ixien  th(;  case  it  w(juld  not  have  introduced  any 
error,  U^causi*  the  excess  of  moisture  would  have  appeared  at  the 
<lrip  pijKi  in  the  bottom  of  th(i  drum,  and  when  there  was  a  drip 
at  this  |x>int  the  reading  of  the  drum  was  not  relied  on. 

There  was  a  difiiculty  which  we  encountered  in  our  first  tests 
with  the  sujierheating  drum  which  has  not  been  mentioned  by 
Pmfessfir  ('arjx'nter.     When  wrj  started  with  superheated  steam, 

•See  sketch  and  deiKrii..ti.m  (.f  apparatus,   Transactiom,  vol.  xvi.,  p.  464. 
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and  injected  a  weighed  amount  of  water  so  as  to  produce  a  certain 
percentage  of  moisture  in  the  steam,  and  afterward  removed  the 
moisture  by  means  of  a  separator,  the  temperature  of  the  drum 
into  wliich  tlie  steam  leaving  the  separator  was  passed  was  some- 
times higher  than  the  theoretical  normal  reading.  In  other 
words,  on  apphing  the  theoretical  formula  the  quality  of  the 
steam  would  be  over  100  per  cent.  This  would  indicate  super- 
heating, but  a  thermometer  placed  in  a  mercury  well  inserted  in 
the  steam-pipe  near  the  throttle  valve  registered  the  temperature 
corresponding  to  saturated  steam.  At  first  we  thought  that  the 
difference,  which  in  some  cases  amounted  to  nearly  10  degrees 
Fahr.  of  superheat,  was  caused  by  a  difference  in  the  state  of 
aggregation  of  the  steam,  which,  having  once  been  superheated, 
and  correspondingly  expanded,  did  not  return  to  the  density  of 
steam  which  had  not  been  superheated.  This  view  was,  in  a 
measure,  substantiated  by  special  experiments,  which  were  made 
by  furnishing  the  apparatus  with  steam  superheated  in  one  case, 
and  not  superheated  in  another. 

When  steam  Avhich  was  not  superheated  was  furnished  to  the 
apparatus  the  temperature  of  the  drum  did  not  exceed  the  theo- 
retical normal  readino-  for  drv  steam.  To  obtain  steam  which  was 
not  superheated  a  special  water-glass  was  attached  to  the  boilers, 
and  the  water  level  was  raised  until  superheating  disappeared. 

To  make  one  of  the  special  experiments  we  started  with  the 
water  level  of  the  boiler  at  the  ordinary  height,  and  therefore 
with  superheated  steam.  Water  was  injected  into  the  steam  in  a 
fine  spray,  and  the  excess  was  removed  by  the  separator,  placed 
just  before  the  throttling  valve  leading  into  the  superheating 
drum.  It  was  then  found  that  the  thermometer  in  the  drum 
would  sometimes  indicate  290  degrees  or  more  Fahr.,  with  steam 
at  80  pounds  pressure,  and  with  no  superheating  indicated  by  a 
thermometer  placed  in  an  ordinary  mercury  well  inserted  in  the 
steam  main  near  the  throttle  valve. 

The  theoretical  normal  reading  for  the  back  pressure  which 
existed  in  the  drum  was  about  283 J  degrees  Fahr. 

The  Avater  level  was  then  raised  in  the  boiler,  and  a  short  time 
after  the  steam  furnished  by  the  boiler  had  lost  its  superheat,  tlie 
reading  of  the  superheating  drum  would  fall  to  nearly  that  indi- 
cated by  theory,  or  2S3J^  degrees  Fahr.  This  experiment  was 
repeated  a  number  of  times,  with  the  same  result. 

Experiments   were  then   made  with  small    calorimeters,  Avith 
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similar  results.  AVe  were  not,  however,  satisfied,  and  inserted  a 
ihenuouieter  with  an  unprotected  bulb  in  the  steam-pipe  just 
before  the  ])oint  at  which  the  steam  \vas  throttled  before  passing 
into  the  superheating  drum.  This  thermometer  passed  through 
a  stut!ini»'-box,  and  was  held  so  that  the  high-pressure  steam  could 
not  force  it  out  w  aril. 

The  readino-  corresponding  to  saturated  steam  at  80  pounds 
pivssure,  which  was  the  pressure  used  in  the  tests,  was  determined 
when  in  ]K).sition  before  and  after  each  test.  It  was  found  that 
su|RM'heating  would  be  indicated  by  this  thermometer  for  a  con- 
siderable time  before  it  would  be  by  a  thermometer  placed  in  a 
mercurv  well,  antl  it  Avas  found  that  much  of  the  effect,  that  we 
at  tii-st  thought  was  due  to  a  difference  in  the  state  of  the  steam, 
was  really  caused  by  superheating,  which  thermometers  placed  in 
the  ordinary  forms  of  wells  failed  to  indicate ;  and  that  this 
su|KM-heating  existed,  notwithstanding  the  fact  that  as  high  as  10 
])<M-  cent,  of  water  had  been  injected  and  removed  by  the  separator. 

It  was  after  making  these  experiments  that  the  apparatus 
shown  on  page  459  of  my  first  paper  was  devised,  the  experiments 
on  which  proved  that  there  was  a  difference  of  only  three  degrees 
of  superheat  after  throttling  for  steam  which  was  just  at  the 
point  of  superheating,  and  was,  therefore,  of  the  maximum  dry- 
n">s,  and  for  steam  which  was  slowly  condensing.  This  difficulty 
'i.-iayed  us  for  over  one  month,  during  which  the  most  of  my  time 
was  spent  in  personal  observation,  and  it  is  for  this  reason  that  I 
describetl  it  in  detail,  so  that  others  may  not  have  to  go  over  the 
same  ground. 

The  stiiteraent  is  made  that  a  throttling  calorimeter  tends  to 
give  tof>  high  quality  of  the  steam,  and  is  not  as  reliable  as 
the  steam-jacketed  separating  calorimeter.  We  should  like  very 
much  to  see  the  experiments  on  which  this  statement  is  based,  as 
it  is  not  in  conformity  with  our  experience.  If  a  throttling  cal- 
orimeter is  used  by  an  inexperienced  person,  and  no  corrections 
are  made  for  radiation  oi-  for  the  readings  of  the  thermometers, 
there  will  certiiinly  be  errors ;  but  \ve  have  failed  to  find  any 
error  in  the  principle  involved,  and  have  shown  that  the  results 
obtained,  when  such  corrections  are  made,  or  when  the  normal 
reading  is  determined  by  experiment  in  the  proper  way,  are 
corrfict  to  within  )r  of  1  per  cent. 

In  determining  the  normal  reading  by  experiment,  care  should 
be  taken  that  the  nipple  leading  to  the  calorimeter  is  placed  so 
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that  no  "^'ater  can  trickle  into  it,  or  fall  through  the  steam  and 
enter  it.  A  discussion  of  errors  that  may  enter  in  this  way  was 
given  in  the  paper  on  ''  Errors  of  Calorimeters."  ^ 

If  a  separating  calorimeter  is  used,  tests  should  be  made  on  it 
to  make  certain  that  it  separates  all  of  the  moisture  from  the 
steam.  Mr.  Barrus  does  this  in  his  Universal  Calorimeter,  by 
passing  the  steam  escaping  from  the  separator  through  a  throt- 
tling orifice.  That  the  separator  portion  of  the  Barrus  Universal 
Calorimeter  is  fairly  efficient  can  be  seen  by  observing  the  figures 
given  in  the  Appendix  of  this  paper,  which  show  that  with  5  per 
cent,  of  moisture  in  the  steam  entering  the  separator  the  steam 
that  left  it  was  dry  ;  whereas,  with  60  per  cent,  of  moisture  enter- 
ing there  was  5^  of  1  per  cent,  of  moisture  in  the  steam  which 
passed  from  the  separator. 

The  observations  of  Professor  Goss  in  regard  to  the  method  in 
which  water  boils  in  a  Babcock  &  Wilcox  boiler  are  interesting, 
and,  as  he  says,  tend  to  bear  out  the  theor}^  that  steam  exists 
as  steam,  and  water  as  water. 

Mr.  Barnes  states  that  the  water  in  the  steam  can  be  found  by 
a  calorimeter,  with  the  pipe  to  the  calorimeter  projecting  half  an 
inch  or  more  into  the  interior  of  the  steam-pipe.  In  some  cases 
we  have  found  that  the  water  will  enter  a  nipple  which  projects 
a  short  distance  upward  into  a  horizontal  pipe,  apparently  on 
account  of  the  water  splashing  upward  on  striking  it ;  so  that  in 
general  it  would  be  well  to  insert  the  nipple  far  enough  to  prevent 
such  an  action,  or  to  employ  a  nipple  passing  through  a  stuffing- 
box,  as  was  done  by  Professor  Denton,  so  that  it  can  be  adjusted 
to  all  positions  across  the  pipe. 

*  Transactions,  vol.  xvi.,  p.  460. 
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A  NEW  COAL  CALORIMETER. 

BY  K.   C.   CARPENTER. 

(Member  of  the  Society.) 

DrRiNG  the  last  year  we  Lave  had  in  use  in  the  laboratories  of 
Sibley  College  an  instrument  for  determining  the  heating  value 
of  coals,  which  may  be  of  interest  to  members  of  the  Society, 
and  which  is  described  in  the  following  paper. 

The  general  appearance  of  the  instrument  is  shown  in  Fig.  284 ; 
a  sectional  view  of  the  interior  part  is  shown  in  Fig.  285,  from 
which  it  is  seen  that,  in  principle,  the  instrument  is  a  large  ther- 
mometer, in  the  bulb  of  which  combustion  takes  place,  the  heat 
being  absorbed  by  the  liquid  which  is  within  the  bulb.  The 
rise  in  temperature  is  denoted  by  the  height  to  which  a  column 
of  liquid  rises  in  the  attached  glass  tube. 

In  construction.  Fig.  285,  the  instrument  consists  of  a  cham- 
ber, No.  15,  which  has  a  removable  bottom,  shown  in  section  in 
Fig.  285.  and  in  perspective  in  Fig.  286.  The  chamber  is  sup- 
plied with  oxygen  for  combustion  through  tube  23,  24,  25,  the 
products  of  combustion  being  discharged  through  a  spiral  tube, 
29,  28,  30. 

Surrounding  tlie  combustion  chamber  is  a  larger  closed  cham- 
ber, 1,  Fig.  285,  filled  Avith  water,  and  connecting  with  an  open 
f^'lasH  tube,  9  and  10.  Above  the  water-chamber,  1,  is  a  dia- 
pliragm,  12,  wliicli  can  be  changed  in  position  by  screw  14,  so 
a-s  to  fwljust  the  zero  level  in  the  open  glass  tube  at  any  desired 
P'Mut.  A  glass  for  observing  the  process  of  combustion  is 
in-^*rt€d  at  33,  in  top  of  tlie  combustion  chamber,  and  also  at  34, 
in  top  of  the  water  cliamber,  and  at  3G,  in  top  of  outer  case. 

ThiH  in.strument  readily  slips  into  an  outside  case,  which  is 
mckc;l-j)lated  and  polished  on  tlie  inside,  so  as  to  reduce  radia- 
tion M   much  as  possible.     The  instrument   is    supported    on 

•  Prc«enied  Kt  the  Detroit  meet'iDg  (June,  1895)  of  the  American  Society  of 
•M^-rhanlcl  Enj^ne^frs,  and  forming  part  of  Volume  XVI.  of  the  Transactions. 
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strips  of  felting,  5  and  6,  Fig.  ?85.    A  funnel  for  filling  is  provided 
at  37,  which  can  also  be  used  for  emptying,  if  desired. 

The  plug  which  stops  up  the  bottom  of  the  combustion  cham- 
ber carries  a  dish,  22,  in  which  the  fuel  for  combustion  is 
placed  ;  also  two  wires  passing  through  tubes  of  vulcanized  fibre, 
which  are  adjustable  in  a  vertical  direction,  and  connected 
with  a  thin  platinum  wire  at  the  ends.     These  wires  are   con- 


FiG.  284. 


Fig.  285. 


nected  to  an  electric  current,  and  used  for  firing  the  fuel.  On 
the  top  part  of  the  plug  is  placed  a  silver  mirror,  38,  to  deflect 
any  radiant  heat.  Through  the  centre  of  this  plug  passes  a 
tube,  25,  through  which  the  oxygen  passes  to  supply  combus- 
tion. The  plug  is  made  with  alternate  layers  of  rubber  and 
asbestos  fibre,  the  outside  only  being  of  metal,  which,  being  in 
contact  with  the  wall  of  the  water  chamber,  can  transfer  little 
or  no  heat  to  the  outside. 
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The  discharge  ceases  pass  tlirougli  a  long  coil  of  copper  pipe, 
and  aro  Jisehargetl  tlirougli  a  very  fine  orifice  in  a  cap  at  30. 

The  instrument  has  been  so  designed  that  the  combustion  can 
take  place  in  oxygen  gas  which  remains  under  constant  pressure, 
ret^ardless  of  the  rate  of  combustion.  In  practice  we  have  found 
that  very  excellent  results  have  been  obtained  with 
pressures  of  2  to  5  pounds  per  square  inch,  and 
these  have  been  commonly  used  in  our  determi- 
nations. 

Two  instruments  have  been  built  at  the  present 
time,  which  differ  from  each  other  somewhat  in 
j  detail,  but  principally  in  dimensions.  The  first 
instrument  held  about  1  pound  of  water,  and  was 
intended  for  use  with  about  1  gram  of  coal.  In 
that  instrument  the  entire  bottom  of  the  water 
chamber  was  removable,  and  the  whole  of  the 
combustion  chamber.  This  form,  while  giving 
fully  as  good  results  as  the  one  described,  was 
more  likely  to  leak,  and,  consequently,  was  diffi- 
cult to  keep  in  good  condition.  The  first  form 
built  employed  an  adjusting  piston  to  regulate  the 
initial  reading  of  the  water  column,  which,  pos- 
sibly, may  have  been  as  good  as  the  diaphragm 
used  at  present. 
^^w^  The  instrument   described,   which   is    of  later 

^1  design,   holds   about  5   pounds  of  water,  and  is 

n     I  large  enough  for  the  consumption  of  2  grams  of 

aJ  coal. 

^^^  The  temperature  of  the  discharged  gas  was,  in 

our  first  experiments,  measured  by  a  thermometer 
in  the  attached  cup  V,  Fig.  284 ;  later  experiments 
prove  tliis  unnecessary,  and  the  form  in  Fig.  285  has  been  finally 
a<lopted,  as  l:)eing  simpler  to  construct  and  more  convenient  to 
n»e.  It  is  quite  evident  that  this  method  of  measuring  the 
heating  value  of  fuels  will  be  also  applicable  to  a  bomb  calo- 
rimet^T,  Imt  it  is  very  doubtful  if  such  a  construction  will  show 
any  increase  of  accuracy  over  the  form  described,  while  it  is 
quite  certain  to  be  more  difficult  to  use. 

iJ^fore  the  instrument  was  constructed,  it  was  the  intention  to 
calibrate  the  scale  so  as  to  give  the  results  directly  in  heat 
UDitu  ;  and  for  this  purpose  a  thermometer  with  cup  and  special 


^ 
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appliance  for  stirring  was  to  be  employed.  It  was  afterwards 
found  out  that  the  value  of  the  scale  could  be  obtained  much 
more  simply  by  burning  different  weights  of  pure  carbon,  and 
thus  obviate  any  necessity  for  complicated  corrections  due  to 
the  specific  heat  of  the  various  parts  of  the  instrument. 

This  method  is  not,  however,  a  novel  one,  having  been  em- 
ployed by  Hempel,"^  the  German  authority  on  this  subject,  and 
also  by  Berthelot,t  with  the  bomb  calorimeters.  Hempel  recom- 
mends for  this  purpose  the  use  of  the  carbon  obtained  by  burn- 
ing recrystallized  sugar  ;  but  we  have  obtained  very  uniform  and 
consistent  results  by  using  a  coke  from  which  all  volatile  mat- 
ter had  been  driven  off,  and  making  corrections  for  the  ash 
which  was  left  as  a  residue,  after  the  burning. 

By  the  combustion  of  different  weights  a  calibration  curve, 
^coordinating  B.  T.  U.  and  weights  of  fuel,  is  obtained,  which  has 
been  essentially  a  straight  line  for  the  two  instruments  de- 
scribed. 

In  case  there  is  any  change  in  the  character  of  the  heating  or 
absorbing  surfaces,  a  new  calibration  can  readily  be  made  at  any 
time  by  preserving  some  of  the  coke  first  used  in  calibration. 

The  value  of  1  pound  of  pure  carbon  has  been  determined  so 
accurately,  and  repeated  so  many  times,  that  it  provides  a  very 
convenient  and  accurate  standard.  This  value  is  ordinarily 
taken  as  8,080  calories,  or  14,5-iO  B.  T.  U.  The  latest  value, 
as  determined  by  Berthelot,  is  8,136.6  calories,  14,646  B.  T.  U., 
a  number  above  J  of  1  per  cent,  higher  than  determination  by 
Fabre  and  Silbermann  and  various  other  observers. 

PROXIMATE   ANALYSIS    OF   COAL. 

We  have  found  it  quite  easy  to  make  a  proximate  analysis  of 
one  sample  during  the  time  that  another  is  burning  in  the  calo- 
rimeter. Many  of  the  operations  which  are  necessary  in  the 
one  case  are  helpful  in  the  other,  and  the  two  results  give,  in  a 
measure,  a  check  on  each  other. 

The  method  of  making  a  proximate  analysis  has  been  pre- 
sented to  the  Society  in  a  paper  by  Mr.  Eckley  B.  Coxe,  Past 
President  of  the  Society.  J 

*  Gas  Analysis,  trant^lated  by  L.  M.  Dennis, 
f  Traite  pratique  de  Calorimetrie  Chimique. 
:}:  President's  Address,  vol.  xv.,  p.  37,  No.  557. 
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The  mot  hod  which  we  have  employed  has  been  very  similar 
to  thiit  described,  although  it  has  been  modified  somewhat  to 
suit  our  conditions.  The  method  which  is  employed  to  such  an 
extent  for  the  proximate  analysis  of  fuels  in  chemical  labora- 
tories, that  it  may  be  considered  in  many  respects  a  standard,  is 
given  in  the  following  concise  directions. 

"  DIRECTIONS   FOR   PROXIMATE  ANALYSIS.* — COAL   AND   COKE." 

The  sample  should  be  finely  pulverized  in  a  mortar,  and  then 
thoroughly  mixed. 

Moistufe. — Place  the  weighed  sample  (about  1  gram)  in  a  porce- 
lain crucible,  and  dry  in  an  air-bath  for  one  hour,  at  a  tempera- 
ture between  105  and  110  degrees  C.  Weigh  as  soon  as  cool. 
Loss  is  moisture. 

ViAatUe  Matter. — "Weigh  about  1.^  grams  of  the  undried  pulver- 
ized coal,  place  it  in  a  platinum  crucible  and  cover  tightly. 
Heat  it  for  3^  minutes  over  Bunsen  burner  (bright  red  heat), 
and  then  immediately,  without  cooling,  for  S.j  minutes  over 
bla.st  lamp  i white  heat).  Cool  and  weigh.  Loss,  less  the 
moisture,  is  volatile  matter. 

Fijxl  Carbon. — If  a  coke  be  formed  in  the  preceding  opera- 
tion, make  a  note  of  its  properties,  color,  firmness,  etc.,  then 
place  the  crucible,  with  cover  removed,  in  an  inclined  position, 
and  heat  over  Bunsen  burner  until  all  carbon  is  burned — i.e.,  to 
con.stant  weight.  The  combustion  may  be  hastened  by  stirring 
the  charge  from  time  to  time  with  a  platinum  wire.  Difference 
between  tliis  weight  and  last  weight  is  the  fixed  carbon. 

Ash. — Ditierence  between  last  weight  and  weight  of  crucible 
in  the  ash. 

TOTAL  SULPHUR  IN  COAL  AND  COKE. 

Propare  a  fusing  mixture  by  thoroughly  mixing  two  parts  cal- 
cined magnesia  witli  one  part  anhydrous  sodium  carbonate. 
l)i:U'rm\no  the  sulphur  in  tlie  mixture. 

Tlioroughly  mix  1  gram  of  the  finely  pulverized  coal  with  1.^ 
gramn  of  fusing  mixture.  Heat  over  an  alcohol  lamp,  in  an  open 
platinum  or  porcelain  crucible,  so  inclined  that  only  its  lower  half 
may  l>e  brought  to  a  red  heat.  Tlio  crucible  should  not  be  over 
i  or  I  full,  and  the  heat  should  be  gentle  at  first,  to  avoid  loss 
•  See  C'rwA;c>  /Select  Methods,  2d  edition,  ]qK  595-607. 
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upon  the  consequent  sudden  escape  of  volatile  matter,  if  present 
in  large  amount.  Kaise  the  heat  gradually  ( it  must  not  at  any 
time  be  high  enough  to  fuse  the  mixture),  and  stir  the  contents 
of  the  crucible  every  five  minutes  with  a  platinum  wire.  The 
oxidation  of  the  carbon  is  complete  when  ash  becomes  yellow- 
ish or  light  gray  (about  one  hour).  Cool  crucible,  add  1  gram 
pulverized  NH.NO,  to  the  ash,  mix  thoroughly  by  stirring  with 
a  glass  rod,  and  heat  to  redness  for  five  to  ten  minutes,  the  cru- 
cible being  covered  with  its  lid. 

Cool,  digest  the  mass  in  water,  transfer  the  crucible  contents 
to  a  beaker,  rinse  out  the  crucible  with  dilute  warm  HCl,  dilute 
solution  in  beaker  to  about  150  c.  c,  acidulate  with  HCl,  and 
heat  almost  to  boiling  for  five  minutes.  Filter  and  precipitate 
the  sulphuric  acid  in  filtrate  by  BaCle  in  usual  manner. 

Phosjyhorus. — If  present,  it  will  be  found  in  the  ash.  Ignite 
about  10  grams  of  the  coal  in  a  large  platinum  crucible,  and  de- 
termine the  phosphorus  in  the  ash  in  the  usual  manner.  (See 
Fresenius,  p.  741.) 

In  the  mechanical  laboratory  it  has  not  been  practicable  to 
determine,  during  the  past  year,  either  the  sulphur  or  phos- 
phorus. These  quantities  are  not  usually  of  importance,  unless 
the  coal  is  destined  for  certain  uses,  where  these  ingredients 
would  be  harmful,  and  as  the  determination  would  require  much 
more  time  than  that  of  all  other  processes  in  the  proximate 
analysis,  and  including  the  calorimetric  determination  of  heat- 
ing value,  it  was  not  considered  advisable  to  introduce  it. 

The  operation  followed  in  the  mechanical  laboratory  in  the 
proximate  analysis  of  coal  has  differed  principally  from  that 
described,  first,  in  the  use  of  larger  samples ;  and  second,  in  the 
use  of  porcelain  instead  of  platinum  crucibles.  The  use  of  larger 
samples  was  undertaken  principally  for  the  reason  that  we  could 
weigh,  with  sufficient  accuracy  for  engineering  purposes,  on  a 
Brown  k  Sharpe  scale  reading  to  ten-thousandths  of  a  pound, 
and  were  not  obliged  to  resort  to  chemical  balances. 

"Where  the  quantity  was  as  small  as  1  gram,  the  weights  had 
to  be  taken  on  delicate  chemical  balances.  These  balances, 
while  very  accurate,  are  extremely  sensitive,  and  require  the 
utmost  care  and  patience  in  order  to  get  results  which  are 
correct  within  1  per  cent. 

In  the  substitution  of  porcelain  for  platinum  crucibles  a 
great  many  experiments  were  made,  and  it  was  found  that  in 
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every  case  the  results  obtained  with  the  porcelain  crucibles  were 
substantially  in  accord  with  those  given  by  the  platinum,  and  the 
writer  could  not  lind,  on  consultation  with  chemists  at  the 
uuiversity,  that  there  was  any  theoretic  objection  to  the  use  of 
porcelain.  In  fact,  it  was  generally  regarded  as  superior,  for 
several  reasons,  of  which  may  be  mentioned,  less  first  cost  and 
less  liability  of  injury  by  the  fusing  of  particles  in  the  coal 
when  over  the  blast  lamp.  In  the  determination  of  the  volatile 
matter  the  same  general  directions  were  follow^ed  as  given,  but 
instead  of  subjecting  the  fuel  to  the  heat  for  any  definite  length  of 
time,  the  conclusion  of  the  operation  was  known  by  change  of 
color  in  the  flame.  The  flame  would  be  yellow  or  yellowish  so 
long  as  any  volatile  matter  remained  ;  it  would  then  die  down,  and 
when  the  carbon  commenced  to  burn  would  be  decidedly  blue. 
The  operation  was  always  stopped  when  the  blue  flame  appeared. 
The  crucible  employed  is  made  of  Royal  Meissen  porcelain,  and 
provided  with  cover.  It  has  a  capacity  of  half  an  ounce,  and 
costs  seventeen  cents.  During  the  operation  the  cover  is  fitted 
finugly  in  place,  and  the  gases  escape  around  the  edge,  and  are 
kept  l)urning. 

The  percentage  of  ash  is  determined  by  weighing  the  residue 
which  remains  after  combustion  in  the  calorimeter.  The  burning 
of  the  fixed  carbon  requires  a  long  time  when  performed  in  the 
air,  but  in  the  calorimeter  the  operation  is  performed  very 
quickly  and  very  accurately,  so  that  the  total  time  required  to 
determine  the  proximate  composition  and  also  the  heat  values 
of  a  sample  of  coal  need  not  exceed  twenty  or  thirty  minutes,  for 
a  person  familiar  with  the  operations. 

METHOD    OF   USING   THE   CALORIMETER. 

The  method  of  using  the  calorimeter,  supposing  that  oxygen  is 
available  for  combustion,  and  that  an  electric  current  can  be 
obtained  for  lighting  the  coal,  is  as  follows  : 

1.  Select  an  accurate  sample  by  a  system  of  quartering,  which 
simll  commence  with  a  very  great  amount,  if  possible,  and  finally 
ieT]nh-'*'  "  itli  a  very  small  fraction  of  a  pound.  (See  paper  by 
Mr.  (  • 

-.  Keauce  to  powder  by  grinding  in  a  mortar,  or  in  a  mill,  as 
explained  })y  Mr.  Coxe,  sufficient  coal  for  several  samples. 

•1.  Introduce  the  sample  into  a  small  porcelain  or  asbestos  cup 
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and  weigh  accurately.     This  operation  will  usually  have  to  be 
performed  on  a  fine  chemical  balance. 

4.  Introduce  the  sample  into  the  calorimeter,  (a)  start  the 
oxygen  gas  flowing  ;  (b)  fire  the  charge,  which  should  be  done  by 
pressing  on  a  key ;  (c)  at  instant  coal  is  lighted,  throw  off  the 
current  and  note  the  reading  of  the  scale.  By  noting  this,  after 
firing,  the  correction  for  heat  from  electric  wire  is  made  by 
simple  subtraction. 

5.  Watch  the  combustion,  which  will  usually  require  about 
five  minutes  for  each  gram  of  coal,  and  when  completed  note  the 
scale  reading.  The  water  on  the  scale  will  rise  about  15  inches 
for  the  amount  of  coal  usually  burned. 

6.  To  correct  for  radiation  note  the  amount  the  water  in  the 
column  has  fallen  for  the  same  time  as  required  for  combustion  ; 
add  this  to  the  former  reading  to  get  the  total  number  of  heat 
units. 

7.  Divide  the  value  as  shown  on  the  scale  by  the  weight  in 
pounds  of  the  sample  burned.  The  result  will  be  the  value  in 
B.  T.  U.  of  1  pound  of  coal. 

8.  Remove  the  dish  in  which  combustion  took  place,  weigh 
it  carefully  with  and  without  contents.  If  the  combustion  has 
been  perfect  the  difference  of  these  weights  gives  the  ash. 

Wipe  combustion  chamber  dry  for  another  determination. 

9.  To  prepare  for  another  determination,  remove  the  calorim- 
eter from  the  outside  case,  and  immerse  in  cold  water,  care 
being  taken  to  prevent  any  water  entering  the  oxygen  tubes  or 
combustion  chamber. 

This  method  is  preferable  to  emptying  the  calorimeter  and 
adding  fresh  water  each  time,  since  the  air,  which  is  always 
present  in  water,  will  affect  the  results,  and  is  a  difficult  ele- 
ment to  remove.  The  operation  of  cooling  takes  but  a  few 
minutes  and  is  easily  performed. 

The  cup  in  which  combustion  takes  place  in  all  determinations 
at  Sibley  College  has  been,  up  to  the  present  time,  made  by 
wrapping  sheet  asbestos  around  the  end  of  a  cylinder  about  one- 
half  inch  in  diameter,  the  cup  shape  being  preserved  by  gluing. 
This  cup  was  then  introduced  into  the  fiercest  flame  of  a  blast 
lamp  until  all  combustible  matter  was  burned  out,  and  until  no 
further  change  in  weight  could  be  made  by  heating.  This  cup 
has,  so  far,  proved  very  successful ;  its  non-conducting  qualities 
has  permitted   combustion  to  take  place   up  to  its  very  edge, 
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and  no  trouble  whatever  lias  been  experienced  in  securing  per- 
fect combustion,  with  a  pow^dered  sample  either  of  anthracite 
coal,  coke,  or  bituminous  coal. 

The  preparation  of  a  sample  for  combustion  has  been  the 
su))ject  of  a  good  deal  of  experimentation.  For  a  long  time  we 
followed  the  method  recommended  by  Hempel,  which  consists 
in  tirst  powdering  and  then  re-pressing  in  a  mould.  This  method 
worked  well  with  bituminous  coal,  but  w^as  a  failure  with  anthra- 
cite ;  besides,  it  involved  a  good  deal  of  labor. 


EXPERIMENTS  WITH  OTHER  FORMS. 

The  methods  of  coal  calorimetry  have  been  the  subject  of 
almost  constant  experiment  in  the  laboratories  of  Sibley  Col- 
lege for  the  past  three  years,  but  until  the  past  year  the  instru- 
ments employed  were  those  which  have  been  long  in  use  ;  it  may 
be  a  matter  of  some  interest,  however,  to  give  a  synopsis  of  what 
has  been  done,  although  it  cannot  be  claimed  that  much  has  been 
accomplished. 


Fig.  287. 

Tlic-  investigations  made,  in  the  general  charge  of  the  writer, 
were  Bubjects  of  graduation  theses  of  C.  L.  Hoyt  and  J.  F.  Mac- 
Gregor  in  1801-2,  of  H.  G.  Geer  and  W.  L.  Garrels  in  1892-3, 

Th  '''''^'^""''  ^^-Em  in  graduate  work  in  1893-4. 

llie  instruments  tried,  re^^'lrdloss  of  order,  have  been  as  fol- 
lows : 

^    1.  ThompHon's  calorimeter,  shown  in  Figs.  287  and  288.     This 
iDMtrument  provides  an   ap],roximate    method   of   determining 


A  NEW   COAL   CALORIMETER 


1049 


lieat  value  which  is  often  quite  satisfactory  with  bituminous 
coal,  but,  so  far  as  the  writer's  experience  goes,  is  of  no  value 
with  anthracite  coal. 

It  consists  (Fig.  287)  of  glass  jar,  H,  graduated  to  contain  1,934 
grams  of  water  (twice  latent  heat  of  steam  at  212  degrees).  In 
this  are  inserted,  1,  a  thermometer  to  indicate  rise  of  tempera- 
ture ;  2,  a  combustion  chamber,  G. 

The  combustible,  2  grams,  is  powdered  and  mixed  as  thor- 
oughly as  possible  with  22  grams  of  a  very  dry  mixture  of  8 
parts  potassic  chlorate  with  1  part  of  nitrate,  and  introduced 
into  a  small  copper  furnace,  F,  provided  with  a  fuse. 

The  furnace,  F,  is  placed  beneath  the  combustion  chamber,  G, 
and  fired,  the  gases  escape  through  holes  in  the  bottom  of  the 
combustion  chamber  and  rise  through 
the  water,  escaping  at  the  top,  somewhat 
as  shown  in  Fig.  288.  In  order  to  get  a 
more  intimate  mixture  of  the  escaping 
gas  and  water,  we  used  baffle  ^^lates  on 
the  combustion  chamber,  and  also  very 
fine  wire-gauze  netting.  Instead  of  firing 
with  a  fuse,  we  fired  with  an  electric 
current. 

With  this  instrument  the  rise  in  tem- 
perature of  the  water  at  beginning  and 
end  of  experiment,  in  degrees,  gives  the 
evaporative  power  of  the  coal  in  pounds 
of  water  from  and  at  212  degrees,  pro- 
vided the  water  and  coal  are  used  in  the 
proportions  stated.  If  other  proportions 
are  used  the  results  will  need  to  be  worked  out  by  the  methods 
employed  with  other  calorimeters. 

2.  Berthelot's  bomb  calorimeter,  Hempel's  modification.  This 
instrument  has  been  used  in  Germany  by  the  chemist  Hempel 
with  great  success,  and  appears  to  the  writer  to  be  the  most 
promising  of  the  homh  calorimeters.  All  the  bomb  calorimeters, 
including  the  original,  as  made  by  Berthelot,  and  modifications, 
as  made  by  Mahler,  Hempel,  and  Donkin,  consisted  of  a  very 
strong  closed  vessel,  the  homh,  into  which  the  fuel  is  placed, 
and  which  is  then  charged  with  oxygen  under  a  very  great 
pressure  (8  to  15  atmospheres).  The  fuel  is  fired  with  an  elec- 
tric spark,  and  the  combustion  takes  place  with  great  excess 
67 
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of  oxvgen.  Duriu<^  comlnistion  the  bomb  is  placed  in  a  vessel 
filled  with  water,  which  is  kept  thoroughly  agitated,  and  the 
rise  in  temperature  noted  by  a  very  delicate  thermometer. 

The  value  of  the  fuel  burned  is  determined  from  the  rise  in 
temperature  of  the  water,  taking  into  account  its  weight,  and 
also  the  weights  and  specific  heats  of  all  parts  of  the  calorim- 
eter. The  latter  operation  is  a  very  delicate  and  complicated 
one,  recpiiring  the  utmost  skill  on  the  part  of  the  observers,  and 
the  most  delicate  instruments  for  obtaining  temperatures  and 
weights. 

The  bomb  built  by  Berthelot  was  lined  with  platinum,  that 
built  bv  Mahler  with  a  porcelain  enamel,  that  by  Hempel  is  not 
lined  at  all.  Hempel  made  a  large  number  of  investigations  to 
determine  the  loss  of  heat  due  to  oxidization  of  the  inside  of 
the  calorimeter,  and  came  to  the  conclusion  that  the  loss  due  to 
this  cause  w^as  unappreciable,  and  much  less  than  unavoidable 
errors  due  to  weighing  and  measurement  of  temperature. 

Mahler  collects  the  nitric  acid  formed  as  a  result  of  combus- 
tion, and  deducts  the  heat  liberated  in  this  combination.  As 
this  seldom  exceeds  i  of  1  per  cent,  it  seems  an  entirely  un- 
necessary proceeding,  especially  for  engineering  purposes. 


Fio.  28i>, 


The  oxygen  can  be  purchased  in  cylinders  under  pressure,  or 
it  can  be  manufactured  as  required.  Hempel  attached  a  cruci- 
ble, C  (Fig.  289),  to  liis  calorimeter,  and  made  the  oxygen  as  re- 
qnired.  by  heating  a  mixture  of  dioxide  of  manganese  and 
chlorate  of  potash  in  equal  parts.     The  instrument  is  shown. 
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with  crucible  for  making  oxygen  attached,  in  Fig.  289.  Before 
.making  the  oxygen  the  fuel  is  inserted  in  the  calorimeter,  the 
crucible  connected,  and  the  oxygen  made  until  a  pressure  of 
150  pounds  was  shown  on  the  attached  pressure  gauge.  Cru- 
cible and  gauge  are  then  removed,  a  cock,  not  shown,  being 
closed  to  prevent  escape  of  oxygen. 

The  bomb  is  then  placed  in  a  vessel  containing  water,  and 
provided  with  stirring  apparatus  and  delicate  thermometers. 

A  section  of  the  bomb  and  enlarged  view  of  the  cap,  with  con- 
nections for  firing,  are  shown  in  Fig.  290. 


Fig.  290. 

A  sectional  view  of  Mahler's  calorimeter,  with  detached  bat- 
tery for  firing  and  tank  filled  with  compressed  oxygen,  is  shown 
in  Fig.  291. 

A  form  of  calorimeter  very  much  like  the  Mahler  is  shown  in 
Fig.  292,  and  has  recently  been  made  by  Bryan  Donkin  &  Co., 
London,  England. 

The  only  objections  to  the  bomb  calorimeter  arise  from  the 
tediousness  of  the  operations,  and  the  great  delicacy  with  which 
all  operations  must  be  performed.  The  extremely  high  press- 
ures to  which  the  instruments  are  subjected  render  them  very 
liable  to  leak,  and  great  care  must  be  exercised  in  putting  the 
parts  together,  also  in  perfectly  cleaning  the  apparatus  after  pre- 
vious operations. 
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Other  instruments   have   been  tried.      One    form,  shown  in 
rig.  293,  was  copied,  on  information  supplied  by  Mr.  L.  S.  Marks, 

from  one  used  by  Prof.  Eobert  Smith,  of  Ma- 
son's College,  Birmingham,  in  some  determi- 
nations of  heating  values  of  coal.  The  form 
shown  has  details '"  as  arranged  by  C.  H. 
Bierbaum,  M.E. 

The  instrument  is  a  modification  of  the 
Thompson  calorimeter,  but  the  fuel,  instead 
of  being  burned  in  a  chemical  which  disen- 
gages oxygen,  is  burned  in  oxygen  gas  under 
slight  pressure. 

It  consists  of  a  bell  glass,  E^  supplied  with 
a  glass  tube  at  top,  through  which  pass  the 
oxygen  for  combustion  and  also  the  wires 
for  carrying  the  electric  current  for  firing  the 
fuel.  The  bell  glass  can  be  raised  or  lowered, 
as  required,  and  the  fuel  is  placed  in  the  jar 
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from  below.  The  products  of 
combustion  escape  through  the 
surrounding  water,  as  in  the 
Thompson  calorimeter,  and 
the  heating  value  of  the  fuel  is 
determined  by  the  rise  in  tem- 
perature of  the  water,  multi- 
plied by  its  weight,  plus  the 
water  equivalent  of  the  calo- 
rimeter. That,  divided  by  the 
weight  of  coal  burned,  gives 
the  heating  value  per  pound. 

Very  delicate  thermometers 
were  used,  and  also  a  stirring 
apparatus  for  mixing  the  water. 
The  glass  vessel,  E,  permitted 
the  process  of  combustion  to 
be  seen  at  all  times,  which  I 
consider  of  advantage,  as  we 
found  it  difficult  in  many  instruments  to  tell  when  combustion 
began  or  closed. 

*  This  is  quite  similar  in  meihod  of  operation  to  one  described  in  voL  xiv.  of 
Transactions,  by  Mr.  Geo.  H.  Barrus. 


Fig,  293. 
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Some  experiments  were  also  made  on  calorimeters  having  very 
lar«^e  coal  capacity  and  which  were  immersed  in  large  tanks  of 
water.  One  of  these  forms,  designed  by  Mr.  William  Kent,  con- 
sisted of  a  combustion  chamber  and  a  long  coil  of  2-inch  copper 
pipe,  all  of  which  was  immersed  in  a  large  tank  of  water  during 
the  process  of  combustion.  This  was  a  very  promising  instru- 
ment, but  it  was  rather  difficult  and  costly  to  manage,  and  we 
were  never  exactly  sure  of  securing  perfect  combustion,  with 
air,  which  had  to  be  used,  on  such  a  large  scale.  There  is  little 
doubt,  however,  but  what,  under  certain  circumstances,  this 
instrument  might  be  made  to  give  valuable  results. 

EXPERIMENTS  MADE  WITH  NEW  CALORIMETER. 

In  the  educational  work  of  Sibley  College,  it  was  rather 
necessary  to  obtain  an  instrument  which  could  be  handled  by 
students  without  much  previous  training,  which  would  not 
consume  too  much  time  in  preparation  and  in  using,  and  which 
would  give  results  accurate  within  1  or  2  j)er  cent. 

The  requirement  just  stated  is  not  met  by  any  of  the  older 
forms  of  instrument  described,  since  much  skill  and  time  are 
required  in  the  preparation  for  use,  and  a  great  deal  of  compli- 
cated calculation  is  necessary  in  reducing  the  results.  For  calo- 
rimetric  purposes  generally,  one  gram  of  coal  is  burned,  and  this 
heat  is  absorbed  in  from  1,000  to  2,000  grams  of  water,  so  that 
the  most  minute  errors  in  determining  the  average  temperature 
of  the  water  aflfect  the  results  very  greatly. 

This  is  the  same  problem  that  produces  such  irregular  results 
in  the  use  of  the  barrel  calorimeter  for  determining  the  quality 
of  st^'ain,  as  was  discussed  in  a  paper  by  Professor  Denton.* 

The  difficulties  required  to  secure,  in  the  first  place,  uniform 
mixture  of  w<'i4;or  as  regards  temperature  are  very  great,  and,  in 
the  second  place,  the  methods  of  measuring  minute  portions  of 
a  degree  with  a  mercurial  thermometer  must  always  be  open  to 
suHpicion  unless  instruments  of  very  great  value  are  employed. 
A  mistake  of  a  single  degree  in  measuring  the  average  tempera- 
ture of  tlie  water  with  calorimeters  of  ordinary  proportions 
would  mean  an  orror  of  about  2,000  13.  T.  U.  per  pound  of  coal 
in  the  results.  While  an  error  of  tliis  magnitude  is  not  likely  to 
be  made,  an  error  one-fifth  as  great  is  quite  probable. 

The  instrument  which  has  been  described  has  filled  all  re- 
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quirements  reasonably  well,  and  during  the  past  year  has  been 
subjected  to  such  handling  as  would  best  develop  its  defects 
and  determine  its  accuracy.  In  using  it  during  the  past  term, 
the  students  were  given  samples  of  coal  whose  heating  values 
were  well  known,  and  in  this  way  an  opportunity  was  presented 
of  comparing  the  results  of  inexperienced  and  untrained  men. 
Such  operations  were  repeated  day  after  day  during  the  entire 
term,  each  group  of  two  students  making  the  proximate  analysis 
and  determining  the  heat  value  as  explained.  The  time  required 
for  both  these  operations  rarely  exceeded  half  an  hour,  and  the 
results  obtained  agreed  well  within  the  expected  limits  of  error. 
The  iustrumeut  can  readily  be  read  to  10  B.  T.  U.  per  pound  of 
coal,  but  the  accuracy  with  ordinary  handling  is  probably  about 
100  B.  T.  U.,  or  J  of  1  per  cent." 

In  fact,  the  errors  made  were  generally  of  such  character  that 
we  could  reasonably  suppose  they  were  principally  due  to 
mistakes  in  obtaining  weights  of  the  samples. 

The  only  difficulty  that  has  been  experienced  in  its  use  has 
been  that  due  to  the  collection  of  air  in  the  top  part  of  the 
apparatus.  This  has  in  some  instances  been  difficult  to  re- 
move, and  has  always  rendered  it  necessary,  when  first  starting 
to  use  the  instrument,  to  exercise  considerable  care.  It  seems 
very  certain,  however,  that  a  slight  change  in  the  top  of  the 
device  will  make  it  of  such  form  that  it  will  be  impossible  for 
air  to  remain  after  the  pressure  is  applied,  since  it  will  be 
quite  easy  to  arrange  the  open  tube  in  such  a  manner  that  all 
air  caught  in  the  instrument  will  pass  directly  out  through  the 
tube.  This.  I  believe,  has  been  the  only  difficulty  experienced 
with  the  second  form  of  instrument,  and  was  not  noticed  at  all 
with  the  first,  in  which  a  piston  was  used  instead  of  a  diaphragm 
for  adjusting  the  initial  reading  in  the  water  column.  For  many 
of  the  details  of  the  apparatus  in  its  present  form,  the  writer  is 
largely  indebted  to  Mr.  C.  E.  Houghton,  M.E  ,  who  has  had 
charge  of  the  educational  work  relating  to  it. 

The  following  table  gives  the  results  of  tests  made  for  the 
heat  contained  in  23  samples  of  coal,  by  B.  T.  Flory  and  E.  M. 
Gilbert,  two  students  in  the  graduating  class,  Sibley  College. 
These  samples  were,  in  some  cases,  selected  especially  for  the 
purpose  of  analysis,  and  in  other  cases  were  obtained  from 
dealers,  so  that  the  fairness  of  the  sample  cannot,  in  all  cases, 

*  The  scale  reading  for  10  B.  T.  U.  would  ordinarily  be  about  yU  of  an  iuch. 
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be  tletermiiied.  At  least  two  analyses  and  two  determinations 
in  the  calorimeter  were  made  of  each  kind  of  coal,  and  if  these 
results  diflered  from  each  other  more  than  1  per  cent.,  which 
was  very  nearly  the  probable  error  of  weighing,  other  deter- 
minations were  made.  In  nearly  every  case  the  determinations 
ma^le  with  the  calorimeter  gave  results  which  did  not  differ  from 
the  average  J  of  1  per  cent. 

It  mav  be  said  that  extreme  accuracy  is  not  claimed  for  the 
instrument,  but  our  experience  would  indicate  that  it  is  one  con- 
venient to  use,  and  not  subject  to  greater  errors  in  results  than 
that  due  to  the  selection  of  sample. 
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NoTi  .  „      Mill  be  made  a.-^  described  for  the  Hempel  calorimeter,  or  it  can  be  purchased, 

eoaipiUMtd  uud«r  great  pressure,  of  the  New  York  Oxygen  Company. 


DISCUSSION. 


Prof.  U.  U,  Tkur8ion. — A  new  calorimeter  is  one  of  the  most 
imjienitive  neecJs  of  the  mechanical  engineer  at  the  present 
moment.  Chemical  analysis,  if  jiccurately  performed  by  skilful 
handH  and  an  experienced  chemist,  gives  results  which  may  bo 
taken  as  alw^^luto  for  the  purposes  of  the  engineer;  but  it  is 
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tedious,  costly,  and  inconvenient,  if  not  impossible,  except  where 
the  facilities  of  a  first-class  laboratory  are  to  be  found.  It  deals 
with  small  quantities,  comparatively,  and  is  thus  less  certain  to 
represent  fair  average  quality  than  if  dealing  with  larger  weights. 
It  is  rarely  practicable  for  the  engineer  to  avail  himself  of  it,  and 
then,  as  a  rule,  only  by  sending  his  samples  to  an  often  distant 
laboratorv,  and  submittino^  to  all  the  annovance  of  securino^  his 
results  at  second-hand,  and  in  course  of  business  with  another 
party.  The  "  bomb  "  calorimeter  is  a  manageable  piece  of  appa- 
ratus in  the  hands  of  any  one  who  has  had  the  training  of  the 
modern  laboratory ;  but  it  implies,  also,  a  tedious  and  trouble- 
some process  of  determination  of  the  calorific  value  of  the  fuel, 
and  is  subject  to  many  possible,  though  perhaps  small,  errors. 
The  work  is  usually  performed  by  the  chemist  in  his  laboratory, 
and,  wherever  done,  takes  much  time  and  a  skilful  and  trained 
manipulator.  The  complete  and  exact  determination  of  the  calo- 
rific value  of  a  single  specimen  may  consume  hours.  It  requires 
some  special  apparatus,  and  is  one  of  those  fine  processes  which 
scientific  men  delight  in,  as  giving  opportunity  to  exhibit  their 
skill  in  nice  measurement  and  ability  in  the  minutiae  of  precise 
checks  and  balances,  and  measures  of  delicate  quantities. 

The  Berthelot  bon\b,  whether  constructed  by  Berthelot  himself, 
by  Hempel,  by  Donkin,  or  by  Mahler,  is  substantially  the  same 
type  of  instrument ;  all  its  forms  are  of  precisely  the  same  value, 
involve  exactly  the  same  operations,  and  are  equally  tedious  and 
troublesome.  It  is  ingenious  and  simple  in  theory,  and,  in  some 
sense,  in  its  process  of  working ;  but  it  is  not  one  of  those  pieces 
of  apparatus  which  the  engineer  aspires  to  add  to  his  outfit  for 
steam-boiler  trials. 

It  has  seemed  to  me  that  the  instrument  here  described,  as  con- 
structed and  used  in  our  Sibley  College  laboratories,  might  prove 
to  possess  many  advantages.  It  is  simple,  easily  managed,  com- 
paratively inexpensive,  is  accurate,  and,  above  all,  quick  in  action, 
and  gives  results  in  minutes  which  require  hours  for  their  acquisi- 
tion with  the  bomb.  It  has  a  long  scale — in  fact,  any  length 
desired — and  this  *  gives  corresponding  accuracy  of  readings. 
Where  the  scale  can  be  made  one  or  two,  or  more,  feet  long,  it 
may  be  fairly  inferred  that  all  the  accuracy  demanded  by  the 
engineer  may  be  assured.  The  instrument  requires  a  supply  of 
oxygen ;  but  it  employs  it  under  low  pressures,  and  the  anxieties 
and  risks,  so  far  as  they  exist  in  the  case  of  the  bomb,  are  thus 
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oviiilod.  Wo  hnvo  liad  no  accidents  with  coal,  and  our  only  ex- 
plosion, a  harmless  one,  came  of  the  attempt  of  an  inexperienced 
oi>erator  to  test  a  sample  of  petroleum.  The  Carpenter  calo- 
rimeter has  become  the  standard  apparatus  of  Sibley  College  for 
this  class  of  work  ;  and  experience — a  long  experience  now — indi- 
cates that  it  may  be  relied  upon,  that  it  is  thoi-oughly  satisfactory, 
and  a  great  advance  upon  the  older  forms.  A  limit  of  accuracy, 
in  evervdav  use,  of  one-half  of  one  per  cent.,  may  be  taken  as  very 
crood  indeed. 

Tiie  matter  assumes  large  importance  in  view  of  the  recent  de- 
velopments of  our  methods  of  boiler  and  other  efficiency  deter- 
minations, Avhere  combustibles  are  to  be  tested,  and  some  such 
process  will,  I  presume,  be  introduced  into  the  codes  of  boiler- 
trial  adopted  on  both  sides  the  Atlantic.  One  or  more  of  the 
now  standard  methods  of  calorimetry  of  fuels  should,  in  my 
opinion,  be  described  and  advised  in  our  Code,  and  the  engineer 
following  the  Standard  Code  will  demand  at  once  the  best  and 
simplest  and  most  accurate  methods,  or  he  will  decline  to  make 
calorimetric  determinations  at  all.  He  can  already  use  the  bomb, 
and  instructions  for  its  use  are  accessible  in  the  books  of  Dennis 
and  of  I>erthelot.  The  results  of  our  own  experience  would  seem 
to  indicate  that  none  of  the  older  methods  are  likely  to  find 
wide  adoption  among  engineers  in  general  practice.  Specialists, 
fitting  up  for  boiler  work  with  all  the  apparatus  of  a  modern 
chemical  laboratory,  will  perhaps  be  able  to  do  such  Avork  satis- 
factorily with  the  bomb. 

.!//•.  Giis.  C.  Ilenniiig. — The  apparatus  discussed  in  this  paper 
IS  undoubtedly  one  which  will  be  a  very  valuable  adjunct  in  de- 
terminations of  economical  values  of  fuels,  as  Avell  as  in  efficiency 
tests  of  boilers.  It  seems  to  me,  however,  that  it  has  not  yet  been 
calibrated  in  a  manner  which  makes  the  results  obtained  entirely 
reliable,  except  under  the  conditions  under  which  it  was  calibrated 
88  descriUid  in  the  paper. 

The  essential  conditions  described  in  the  paper  under  which 
this  instnnnent  has  been  calibrated  are :  first,  that  the  rate  of 
Cf»ml>ustion  was  constant ;  second,  that  the  n'lte  of  dissipation  of 
heat  wascon.stant ;  thir'd,that  the  rate  of  outflow  of  gases  of  com- 
bu.stion  wjui  also  uniform. 

Nothing  is  shown  or  given  in  the  paper  to  prove  that  the  appara- 
tus will  give  uniform  or  accurate  results  when  these  three  condi- 
tions vary. 
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As  there  is  no  agitator,  the  vessels  and  water  will  change  their 
relative  volumes  in  accordance  with  the  rate  of  heat  evolution  and 
the  time  of  passage  of  gases  through  28,  29,  30,  31. 

As  long  as  pure  C  was  used,  the  rate  of  combustion  was  uni- 
form, and  also  the  rate  of  generation  of  gases  ;  these  remain  the 
same,  although  different  quantities  of  C  were  burned,  and  propor- 
tionate numbers  of  calories,  or  heat  units,  were  generated.  Then, 
knowing  the  total  heat  units  in  pure  C,  the  scale  can  be  so  divided 
as  to  give  correct  results  for  pure  C. 

But  as  soon  as  other  fuels  are  used,  such  as  oils,  "napth aline,  or 
poor  coals,  then  the  rapidity  with  which  heat  is  generated  is  quite 
different,  and  I  cannot  admit  that  the  scale  made  for  pure  C  holds 
true. 

As  the  C  burns  gases  are  formed,  which  are  forced  through 
the  coil,  and  leave  by  the  orifice,  30.-  Kow,  when  this  rate  of  flow 
of  gas  changes,  then  the  amount  of  heat  absorbed  by  the  water, 
or  radiated  from  the  coil  and  combustion  chamber,  varies.  Of 
course,  the  thermometer  T,  Fig.  284,  would  be  of  no  material  use 
when  pure  C  is  burned,  as  the  flow  of  gases  would  then  be  con- 
stant, and  readings  should  be  so  if  the  apparatus  is  correct  or  reli- 
able. 

As  total  heat  units  in  coals  vary  from  12,000  to  15,500  (approxi- 
mately), there  is  so  much  difference  that  the  scale  on  the  instru- 
ment may  readily  give  misleading  results.  The  richer  coals  burn 
rapidh^  and  the  gases  would  be  driven  off  much  more  rapidly  than 
when  a  lean  coal  is  used,  and  this  should  be  the  cause  of  varia- 
tions in  heat  determination  of  bituminous  coal,  anthracite  coal,  and 
of  coke. 

The  rapid  combustion  produces  higher  temperatures  and  more 
rapid  flow  of  gases,  hence  less  time  for  radiation  of  heat  to 
expand  the  combustion-chamber  water ;  while  lean  coals  produce 
lower  temperatures,  but  allow  greater  length  of  time  for  flow  of 
gases,  and  therefore  more  thorough  radiation  of  heat.  Xow,  with- 
out an  aofitator  this  difference  mav  become  a  considerable  factor. 

To  show  how  many  errors  can  exist  in  a  calorimeter,  I  would 
refer  to  a  most  able  and  scientific  investigation  of  the  Berthelot- 
Mahler  calorimeter,  by  Dr.  A.  M.  Mayer,  in  the  Stevens  Indicator 
of  April  15,  1895. 

I  do  not  wish  to  detract  from  the  able  work  reported  by  Pro- 
fessor Carpenter,  but  I  do  think  that  further  tests  should  be  made 
to  determine  the  action  of  this  calorimeter  when  different  kinds  of 
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coal  are  used.  It  seems  to  nie  that  this  can  only  be  done  by  such 
investii'-ation  as  that  by  Dr.  Mayer,  and  should  be  done  on  each 
indivichial  calorimeter  before  it  is  put  to  a  practical  use. 

For  tliis  purpose  it  will  become  necessary  to  determine  the  radia- 
tion anil  absorption  of  heat  of  all  parts  of  this  instrument,  by  a 
use  of  si)eciiic  heats  of  all  its  elements. 

It  is  pointed  out  in  the  paper  that  the  amount  of  air  in  the 

water  is  a  serious  source  of  error 
in  the  instrument,  and  that 
therefore  the  same  water  should 
be  used  over  and  over  again. 
This  air  has  very  much  to  do 
with  the  rate  of  heating  of  the 
water  and  also  with  its  expan- 
sion under  effect  of  heat  ;  heat- 
ing, furthermore,  causes  an 
escape  of  air  from  the  water, 
and  this  vitiates  the  readings  of 
height  of  column  in  tube  10. 
To  avoid  this  as  much  as  possi- 
ble, freshly  distilled  water 
should  be  used,  and  care  taken 
not  to  mix  air  with  it  in  filling 
the  chamber ;  instead  of  using 
a  funnel,  37,  the  chamber  should 
be  filled  by  means  of  a  tube 
from  below,  expelling  the  air 
through  tube  10,  as  at  37,  Fig. 
294.  It  seems  to  me  that  the 
apparatus  shown  in  Fig.  285 
does  not  provide  means  for 
expelling  all  of  the  air  in 
the  chamber,  and  for  this  purpose  the  roof  of  the  chamber 
hhould  Ih)  conical,  as  shown  in  Fig.  294,  and  the  adjustment  ob- 
taincxl  by  making  the  Ijottom  il(;xible,  as  at  11  (Fig.  294),  and  pro- 
viding an  a<ljusling  screw,  14  (Fig.  294),  which  changes  the  height 
of  column  of  water  in  tube  by  raising  or  lowering  the  bottom ; 
the  tube  10  should  bci  located  at  the  highest  part  of  the  top,  to 
catch  all  air,  while  tube  37  (Fig.  285)  sliould  be  removed,  and 
should  \)c  placed  as  at  37(Fig.  294),  as  it  will  act  as  an  air  trap, 
ami  there  are  no  moans  of  tellinir  when  there  is  air  in  it  or  not. 
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It  also  seems  to  me  that  the  instrument  would  ffive  more 
accurate  results  if  a  liquid  were  used  which  does  not  vaporize  at 
ordinary  temperatures,  and  which  at  the  same  time  does  not 
absorb  air  as  rapidly  as  water,  and,  moreover,  whose  coeflBcient 
of  expansion  is  much  greater  than  that  of  water. 

It  is  also  possible  that  the  apparatus  would  give  more  reliable 
results  and  be  more  responsive  if  the  gases  of  combustion  issued 
into  a  coil  which  leaves  the  bottom  of  the  combustion  chamber,  as 
at  28,  Fig.  294,  so  that  the  liquid  in  the  bottom  of  the  chamber  is 
heated  more  than  seems  possible  in  the  form  of  instrument  shown 
in  Fig.  285. 

Prof.  D.  S.  Jacobus. — I  would  like  to  ask  Professor  Carpenter 
how  he  allows  for  the  latent  heat  of  the  vapor  which  passes  off  in 
the  products  of  combustion. 

Professor  Carj^enter. — In  regard  to  the  method  of  making  a 
calibration,  I  might  say  that  we  calibrated  at  all  possible  rates  of 
combustion,  and  thus  we  got  a  calibration  curve  from  which  all 
results  were  taken.  Mr.  Henning  refers  to  the  effect  of  air,  but 
magnifies  very  much  the  difficulties  which  arise.  In  fact,  in  the 
present  form  of  instrument  this  trouble  has  been  obviated  by  the 
conical  form  of  the  top.  I  think  he  has  made  some  suggestions 
that  would  lead  to  some  improvements  in  details  of  construction, 
which,  with  his  consent,  we  may  adopt.  The  coil  for  discharge 
gases  is  led  out  of  the  top  of  the  combustion  chamber ;  the  tem- 
perature of  the  water  in  the  calorimeter  is  never  allowed  to  rise 
over  TO  deo^rees.  This  coil  is  verv  lono;  about  16  feet  in  leno;th, 
and  kept  on  a  continual  grade,  in  order  to  allow  the  water  of  con- 
densation, which  occurs  in  every  case  during  the  burning  of  bitu- 
minous coal,  to  drip  back  into  our  combustion  chamber,  so  that 
we  could  remove  it.  In  that  way  all  heat  that  we  could  lose 
would  be  that  carried  out  by  the  gases  at  the  normal  temperature 
of  the  water.  As  the  volume  and  pressure  of  the  gas  used  are 
known,  this  can  be  easily  computed. 

Prof essoi'  Jacobus. — In  calorimeter  work,  where  sufficient  moist- 
ure is  produced  in  combustion,  it  is  usual  to  assume  that  the  prod- 
ucts of  combustion  are  saturated  with  moisture.  The  question 
was,  How  do  you  allow  for  that  in  this  instrument? 

Professor  Carpenter. — The  question  is,  the  loss  due  to  saturatCtt 
vapor.  AVe  have  not  usually  considered  this  loss,  as  our  oxygen 
was  supplied  in  a  saturated  condition,  and  it  has  been  in  every 
case  very  small.     We  could  very  easily  do  it,  however,  as  tern- 
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iH^raturos  and  volume  of  the  oxygen  used  are  known.  I  might  say, 
in  ivlation  to  those  corrections  regarding  specific  heat,  to  which 
Mr.  Ilonnini^  refere,  that  we  have  figured  them  out  quite  care- 
fullv,  l)ut  have  found  the  results  of  little  practical  importance. 
The  difficulties  regarding  air  in  the  calorimeter  are  practically 
obviated  bv  making  the  top  cone-shaped  instead  of  flat,  although 
it  did  make  us  a  good  deal  of  trouble  in  the  early  form ;  in  fact, 
it  has  really  been  the  only  serious  difficulty  that  we  have  met  in 
its  use. 

^[r.  Iltnnhi(/. — I  do  not  think  you  understood  correctly  my 
criticism  in  regard  to  the  rate  of  the  discharge  of  heat.     Of 
course,  we  know  that  when  pure  carbon  is  taken  and  burned, 
using  varying  quantities  of  it,  you  Tvill  get  more  or  less  heat,  but 
not  a  different  rate  of  combustion,  and  the  gases  you  drive  off 
are  exactly  the  same  in  ever}^  case.     JSTow,  if  you  take  a  lean 
coal,  or  one  which  contains  other  materials,  the  rate  of  burning 
will  be  much  slower,  compression  in  the  chamber  will  be  less, 
according  to  the  fuel  which  is  used,  and  the  result  will  be  that,  as 
the  ga.ses  pass  through  the  tubes  at  a  different  rate  of  flow,  the 
results  may  materially  change.     Of  course,  I  know  that  the  effect 
on  results  of  the  heat   generated  by  combustion  is  eliminated 
and  lost,  l>ecause  the  same  loss  occurs  when  pure  coal  is  burned. 
The  lieat  units  in  pure  coal  are  known,  and,  knowing  what  read- 
ings this  instrument  gives,  any  other  fuel  could  be  burned  in  it. 
Xow,  knowing  that  burning  one  gram  of  pure  carbon  raises  the 
cohunn  of  liquid  up  to  the  top  notch  of  the  scale,  and  simply 
marking  that  point  15,000,  l)ecause  it  is  known  that  the  pure 
wirbcjn  us<3<l  ought  to  give  15,000  heat  units,  then,  if  that  reading 
is  obtained  with  another  fuel,  it  will  be  known  to  generate  the 
.siime  heiit  units.     If  any  heat  were  left  in  the  instrument,  the 
water  on   the  scale  would  simply  stand  a  little  bit  higher.     I 
understand  that.     But  the  rate  at  which  those  gases  are  driven 
off  will  change  the  rate  of  absorption  of  heat  in  the  water,  and 
lierefore  I  think   the  instrument  must  be  calibrated  for  slow- 
burning  fuels  as  well  as  for  carbon. 

/'  '/•  CfU'penter. — 1  would  say  that  if  we  had  considered 

*'"■  •  "•  ■  ^  *>f  different  rates  of  combustion  on  the  rates  of  flow, 
«;h  Mr.  llenning  mentions,  in  the  beginning  of  our  work,  it 
would  have  .save<l  us  six  weeks  of  time.  AVe  did  discover  it  after 
we  got  to  work  with  different  fuels,  and  found  that  the  rate  of 
combustion  affected  the  pressure  and  the  rate  of  flow  of  the  dis- 
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charge  gases,  and,  consequently,  had  very  great  effect  on  our  re- 
sults. But  we  finally  got  a  method  which  I  did  not  mention  in 
the  paper,  as  at  the  time  I  considered  it  as  pertaining  more  to  the 
supply  of  oxygen  than  to  the  combustion  of  fuel.  This  entirely 
compensated  for  that  loss,  and  afterwards  we  were  enabled  to 
get  perfectly  uniform  results  in  every  case.  Our  discharge  orifice 
is  very  small,  and  in  the  extreme  end  of  the  coil ;  the  combustion 
chamber  is  connected  with  a  laro^e  tube  lead  in  o^  to  ^n  oxv^en 
tank,  wdiich  was  arranged  in  such  a  manner — I  think  I  can  show 
by  my  sketch  (Fig.  295) — that  we  had,  during  the  combustion, 
and  no  matter  at  what  rate  combustion  took  place,  a  perfectly 
uniform  pressure  on  the  erases 

'■  ^  E  E 

ill  the  combustion  chamber; 
that  is,  if  it  took  place  at  a 
higher  rate,  and  generated 
more  pressure,  it  simply  pressed 
backward  and  up  into  our  oxy- 
gen tank,  and  if  it  took  place 
at  a  slower  rate  the  oxygen 
tank  pressed  on  that.  So  that 
the  pressure  in  the  combustion 
chamber  was  perfectly  uni- 
form, regardless  of  the  rate  of 
combustion.  I  should  have 
mentioned  this  construction  in 
the  description  of  the  calo- 
rimeter, but  I  did  not  at  the 
time  consider  it  of  much  importance.  This,  I  think,  answers  all 
inquiries. 

I  may  say  that  the  remarks  of  Mr.  Henning  call  attention  to 
losses  which  are  of  considerable  magnitude,  and  I  must  admit 
that  it  is  not  compHmentary  to  myself  that  I  did  not  discover  the 
mao-nitude  of  these  errors  until  the  calorimeter  had  been  con- 
structed  and  put  in  actual  operation. 

The  other  errors  mentioned  are  all  small  ones,  and  can,  if  neces- 
sary, be  determined,  and  the  necessary  correction  easily  made. 
The  errors  due  to  effect  of  specific  heat  of  the  various  parts  of 
the  instrument  are  all  easily  measured  by  the  methods  in  use  with 
other  calorimeters,  but  I  think  are  more  accurately  determined 
by  the  method  of  calibration  described. 

It  should  be  noted  that  the  instrument  is  not  presented  as  one 


Fig.  295. 
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wiih  the  minute  accuracy  which  is  presumed  to  be  obtained  by 
some  of  the  other  instruments ;  but  if  one  were  to  burn  the  same 
kind  of  coal  several  times  in  succession  in  this  and  in  the  other 
forms,  he  will  be  surprised  at,  first,  the  lack  of  uniformity  in  his 
results  with  tlie  others  when  the  heat  is  measured  by  a  thermome- 
ter immersed  in  a  jar  of  water;  and,  second,  at  the  uniformity 
whicli  is  secured  by  the  present  instrument. 

Mi'.  Kent. — Professor  Carpenter  stated  in  his  first  remarks  that 
his  invest i orations  Avent  to  show  that  there  was  no  relation  be- 
tween the  approximate  analysis  of  coal,  as  I  understand,  and  the 
calorific  value. 

Professor  Carpenter. — The  remarks  were  restricted  to  bitumi- 
nous coal,  as  the  anthracite  coal  has  a  value  proportional  to  the 
fixeil  carbon,  very  nearly. 

Mr.  Kent. — About  three  years  ago  I  made  a  study  of  Mallet' s 
results  in  the  French  memoir,  which  I  plotted  in  a  curve,  the  base 
line  l)einfr  the  amount  of  fixed  carbon  in  the  coal — the  different 
bituminous  coals — and  the  ordinates  the  heating  value,  and  I 
found  a  remarkably  close  relation.  I  gave  a  brief  account  of 
this  in  our  Transactions^  vol.  viv.,  p.  822. 

Professor  Carpenter. — They  were  foreign  coals,  were  they  not  ? 

Mr.  Kent. — They  were  foreign  coals.  It  was  really  a  remark- 
able curve  that  this  made,  with  a  ver}^  slight  deviation  of  any 
individual  coal  from  the  curve — not  over  3  or  4  per  cent.  I  should 
not  wonder  if  the  same  things  Avould  happen  with  American  coal. 

Professor  Carpenter. — There  is  a  large  number  of  complete 
analyses  of  American  coals  given  in  a  book  by  Grove  &  Thorpe, 
and  by  consulting  those  you  will  see  that  the  volatile  matters  some- 
times contain  as  much  as  20  per  cent,  of  oxygen,  and  then,  again, 
less  tlian  4  p'r  cent.  As  oxygen  is  not  a  combustible,  we  cannot 
obtain  uniform  calorific  values  from  these  different  coals.  I  have 
plotte<i  all  the  results  that  I  can  find,  and  no  curve  will  come  any- 
where near  the  points.  It  is  possible  tliat  if  all  coals  were  from 
the  same  district,  or  of  a  similar  composition,  the  approximate 
analysis  would  be  of  value,  but  it  is  of  little  use  for  American  soft 
<x>als  from  different  districts. 

Mr.  K'  uf.  —I  think  differently,  and  for  this  reason:  Whenever  we 
find  a  ( oal  having  15  or  20  per  cent,  of  volatile  matter,  there  is  very 
little  oxygen  in  that  coal,  and  we  will  get  a  larger  number  of  heat 
units  from  it.  When  we  find  40  and  45  per  cent,  the  oxygen  in- 
cre:LsrH,  verj'  much.     I  do  not  believe  it  would  with  American  coal. 
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Professor  Carpenter. — These  statements  certainly  do  not  agree 
with  our  determinations.  Our  analyses  were  repeated  three  or 
four  times,  and  are  never  published  unless  within  1  per  cent,  of  the 
average.     We  took  every  possible  precaution  to  secure  accuracy. 

Mr.  Kent. — Have  you  plotted  the  results  ? 

Professor  Carpenter. — I  have,  from  every  possible  standpoint, 
but  I  could  not  get  any  curve  to  fit  the  results. 

I  may  add  that  I  knew  that  Mallet's  results-  agreed  well  with 
the  results  of  proximate  analyses,  and  I  expected  the  same  agree- 
ment in  American  coals,  until  I  came  to  investigate  the  matter, 
and  learned  that  the  volatile  matter  varied,  not  regularly,  as  you 
state,  but  with  all  sorts  of  irregularities. 

A  single  example  will  show  the  extreme  variation.  Coopers- 
town  coal  contains  30.4  per  cent,  volatile  matter,  and  gives  15,266 
B.  T.  XJ.  per  pound ;  Gillespie  coal  contains  34.9  per  cent,  volatile 
matter,  and  gave  only  10,506  B.  T.  U.  per  pound.  The  difference 
in  proximate  composition  is  small,  in  calorific  values  large. 
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REPORT  OF  COMMITTEE  ON  STANDARD  TESTS  AND 
METHODS   OF  TESTING   MATERIALS. 

present£;d  by  g.  c.  uenning,  keporter  for  the  committee. 
DESCRIPTION   OF   TESTS. 

In  June,  1894,  a  paper  presented  to  the  Foundry  men's  Asso- 
ciation, Philadelphia,  by  W.  J.  Keep,  contained  the  following 
proposition  : 

"  To  produce  a  uniform  grain  and  a  sound  casting,  and  one- 
eighth  of  an  inch  shrinkage  to  the  foot,  the  silicon  must  vary 
with  each  variation  in  the  size  of  the  casting. 

An  Approximate  Key  for  Regulating  Foundry  Mixtures. 


Size  of  the  Casting. 

Silicon  Required  in 
the  Casting. 

Shrinkage  of  the 
Casting. 

Shrinkage  of  a  i-inch 
Test-Bar. 

\  inch  (square. 

1  • 

2  '• 
8    " 

A        i<              (c 

3.25  per  cent. 
2.75        " 
2.25       " 
1.75       " 
1.25 

.125  per  foot. 

.125       " 

.125 

.125 

.125       " 

.125  per  foot. 

.135 

.145 

.155 

.165 

"  But  such  a  variation  in  silicon  will  cause  a  variation  in  the 
shrinkage  of  a  half-incli  test  bar. 

"  The  table  shows  that  a  casting  1  inch  square  needs  2.75  per 
cent,  of  silicon  to  give  it  a  shrinkage  of  .125,  and  that  a  half-inch 
square  test  bar  from  the  same  metal  will  show  a  shrinkage  of 
.V6') ;  but  that  a  casting  4  inches  square,  on  account  of  its  slow 
cooling,  noods  only  1.25  per  cent,  of  silicon  to  produce  the  same 
grain  and  slirinkage.  The  .165  shrinkage  of  the  half-inch  test 
bar  shows  that  the  iron  will  make  a  casting  4  inches  square 
with  a  shrinkage  of  .125  and  that  it  contains  the  correct  amount 
of  HJlicon." 

ThiH  proposition  seemed  to  be  what  might  be  expected  infoun- 
dry  practice,  but  all  the  data  existing  at  that  time  was  the  upper 

•Pr«i«nt«d  at  ihe  Detroit  meeting  (June,  1895)  of  the  American  Society  of 
Mechanical  En^neere,  and  forming  part  of  Volume  XVI.  of  the  Transactions. 
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line  of  figures  in  the  table  and  the  record  of  a  hydraulic  cylinder 
3  inches  thick,  silicon  2.25  per  cent,  and  shrinkage  of  a  ^-inch  bar 
from  the  same  metal  .155  inch  per  foot.  To  prove  this  proposi- 
tion the  plan  of  making  several  series  of  test  bars  with  varying 
silicon,  and  varying  in  size  from  ^  inch  to  4  inches  square,  was 
proposed.  As  your  Committee  on  Standard  Tests  and  ^lethods 
of  Testing  Materials  had  decided  to  include  cast  iron  in  its  in- 
vestigations, Mr.  W.  J.  Keep  was  appointed  a  member  of  that 
committee  for  the  purpose  of  assisting  in  this  work,  having 
facilities  and  connections  to  do  it  in  a  thorough  manner.  It  was 
decided  to  include  the  investigation  of  shrinkage.  The  pro- 
gramme was  as  follows  :  The  investigation  should  show  the 
relation  between  different  sizes  of  castings  poured  from  iron  of 
a  uniform  composition,  the  chemical  composition  of  each  size 
of  casting  when  cold,  and  the  physical  properties  of  each.  The 
tests  were  not  to  be  laboratory  experiments,  but  ordinary 
foundry  work,  which  should  represent  foundry  experience. 

The  size  of  the  castings  to  be  made  should  be  such  as  would 
represent  both  light  and  heavy  foundry  work,  and  should  com- 
prise, along  with  other  castings,  test  bars  of  each  size  and  shape 
used  in  any  country  for  testing  cast  iron.  The  sizes  fixed  upon 
were  as  follows  : 

12" ) 

-ic)"\  Keep's  size. 

14"  ) 

^g.,  V  Engineers. 


2  test 

bars  iV 

'   X    1" 

X 

10  test 

bars  ^" 

D 

X 

2  test 

bars  i" 

D 

X 

2  test 

bars  1" 

D 

X 

2  test 

bais  1" 

D 

X 

2  test 

bars  1" 

n 

X 

2  test 

bars  1" 

X  2" 

X 

2  test 

bars  1" 

"x  2" 

X 

2  test 

bars  2" 

n 

X 

2  test 

bars  3" 

D 

X 

2  test 

bars  4" 

n 

X 

4  test 

bars   a. 

"  o 

X 

2  test 

bars  1^ 

"  o 

X 

n  V  Water  works. 


^^•,  r  Architects 

14" 

26 

26"  J 

26"  ["Heavy  castings. 

26"  \ 

For  comparison. 


12") 

14'f 


Later  on  it  was  noticed  that  we  had  omitted  the  length  most 
used  in  England,  1"  x  2"  x  38",  and  these  were  therefore  added. 
A  larger  number  of  bars  1^"  O  x  14'  long,  cast  both  flat  and 
on  end,  and  bars  for  tensile  and  also  for  compression  tests  were 
added  ;  2  bars  1^"  O  and  2  bars  |"  O  from  patterns  furnished  by 
Messrs.  Eiehle  Bros.;  2  bars  Ij"  O  x  15"  long  to  be  turned 
down  to  1^  '  O,  and  a  large  number  of  bars  with  \h"  O  ends  for 
grips,  and  a  central  portion  8'  long  and  IV  diameter,  and  the 
whole  bar  20"  long,  were  added  to  the  above.  Some  were  cast 
flat  and  some  on  end.     The  whole  of  these  bars  will  not  be  found 
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in  each  series.  The  amount  of  iron  available  for  several  of  the 
series  was  insufficient  to  pour  all,  and  the  bars  last  named  were 
not  added  until  the  last  five  series. 

The  chemical  conij)Osifio)i  was  to  represent  all  foundry  mixtures 
varving  from  white  iron  to  the  softest  gray.  The  former  would 
contain  less  than  1  per  cent,  of  silicon,  and  the  latter  would  run 
as  high  as  3.50  per  cent.,  the  silicon  determining  the  grade  and 
color  of  the  iron.  The  plan  was  to  make  series  of  the  bars 
tabulated  above,  and  the  iron  poured  in  the  moulds  was  to  con- 
tain definite  percentages  of  silicon. 

Enough  jng  iron  was  to  be  procured  of  uniform  chemical  com- 
position to  make  six  series  of  these  castings,  in  which  the  silicon 
shoidd  be  1.00,  1.50,  2.00,  2.50,  3.00,  and  3.50  per  cent.  The 
other  chemical  elements  were  to  be  kept  substantially  uniform 
in  each.  These  variations  in  silicon  would  represent  the  silicon 
in  all  foundry  work  from  heavy  machinerj^  to  the  lightest  hard- 
ware castings. 

The  ]Jit/sical  propei'ties  of  the  castings  which  were  to  be  de- 
termined were : 

The  grain,  whether  coarse  or  fine,  compact  or  open ;  the  cause 
of  such  structure. 

The  shrinka/je  in  inches  per  linear  foot,  which  is  the  decrease 
in  size  from  the  dimensions  of  the  mould  in  which  the  test  bar 
was  cast ;  the  cause  of  such  shrinkage. 

The  rliill  of  each  size  of  test  bar,  which  is  the  depth  in  inches 
of  the  white  portion,  caused  by  the  fluid  iron  running  against  a 
cast  iron  chilling  surface. 

The  Htremjlh  of  each  size  of  test  bar,  and  the  relative  strength 
which  was  found  by  reducing  all  sizes  to  that  of  the  smallest 
test  bar. 

These  were  determined  by  the  men  in  charge  of  several 
Rchools  of  meclianical  engineering.  Reports  will  be  made  of 
the  transverse,  tensile,  and  crushing  strengths,  and  the  logs  will 
give  maximum  fibre  distance,  moment  of  inertia,  total  stress, 
deflection,  maximum  stress  on  outer  fibre,  shearing  stress, 
mrxlnliiH  of  elasticity,  and  resilience. 

Mdhrvih. — Application  was  made  to  several  blast  furnaces 
for  tliree  tons  of  pig  iron  with  a  guaranteed  analysis,  each  pig 
of  which  should  have  a  uniform  grain,  and  with  silicon  as  near 
80  poHsible  to  1  per  cent.     Two  furnaces  responded. 

IroquoiH  Furnace  Company,  of  Chicago,  sent  us  three  tons  of 
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]No.  3  "Iroquois  "  Malleable  Bessemer  pig  iron,  of  clear  uniform 
gray  fracture,  very  strong  and  tough  in  the  pig.  It  contained 
TC  4.07,  GC  3  15,  CC  0.92,  P  0.23,  Si  0.88,  S  0.035,  Mn  0.50 
(G.  D.  Chamberlain,  chemist).  This  iron  was  made  from  Lake 
Superior  ore  with  coke. 

The  Ashland  Iron  and  Steel  Company,  of  Ashland,  Wis.,  also 
sent  us  three  tons  of  charcoal  pig  iron,  brand  "  Hinkle,"  also 
from  lake  ores  containing  TC  3.507,  GC  2.69,  CC  0.817,  P  0.13, 
Si  1.09,  S  0.015,  Mn  0.72  (E.  E.  Johnston,  chemist).  Both  of 
these  companies  analyze  each  cast  for  silicon  and  furnish  iron 
on  a  guaranteed  analysis  when  required.  To  select  an  iron  suit- 
able for  such  a  series  of  tests  it  is  necessary  that  each  pile  in 
the  furnace  stock-yard  should  have  been  marked  with  the 
amount  of  silicon  it  contained.  A  number  of  furnaces  volun- 
teered to  make  such  an  iron  as  was  required,  but  it  would  have 
been  almost  impossible  to  make  a  furnace  j^roduce  such  an  iron 
with  every  desirable  quality.  The  only  way  was  to  select  the 
iron  from  stock  already  on  hand.  When  the  iron  was  found, 
each  half-pig  was  broken  again  to  make  sure  that  all  pieces  sent 
should  have  the  same  grain ;  then  several  pigs  were  drilled  and 
another  analysis  was  made  as  a  check  on  the  original  determina- 
tion. In  the  proposed  six  series  from  each  of  these  irons,  sili- 
con was  to  be  added  in  as  concentrated  a  form  as  possible,  so 
that  the  characteristics  of  each  iron  might  remain  the  same  in 
each  series  except  as  they  were  altered  by  the  silicon.  The 
silicon  was  added  by  using  an  iron  branded  "  Pencost,"  made  at 
Bessie  Furnace  in  the  Hocking  Yalley  of  OLio,  in  1388,  while  it 
was  managed  by  Mr.  Edward  Orton,  Jr.  It  was  made  from  car- 
bonaceous block  ores  from  Yin  ton  and  Perry  counties,  and  was 
smelted  with  raw  coal  and  coke.  It  contained,  according  to 
analyses  by  students  at  Sibley  College,  TC  2.83,  GC  2.072,  CC 
0.761,  Si  l5.87,  P  0.49,  S  0.142,  Mn  0.70.  Analysis  of  drillings 
from  one  pig  by  Geo.  H.  Ellis,  of  Chicago,  gave  10.27  per  cent, 
silicon.  (The  iron  was  purchased  on  an  analysis  of  Si  14.77  per 
cent.^  The  following  analysis  was  made  by  Mr.  Dickman  from 
drillings  from  25  pigs  of  each  mixed  : 


TC 

GO 

CC 

Si 

s 

P 

Mn 

Iroquois 

4.05 
3.50 
2.79 

3.20 
2.73 
2.04 

0.87 
0.87 
0.75 

0.98 
1.03 

n.oo 

0.035 
0.012 
0.015 

0.225 

0.129 
0.487 

0.490 

Hinkle 

0.700 

Pencost 

0.670 

1070  REPORT   OF   COMI^riTTEE    ON    STANDARD   TESTS. 

From  Mr.  Dickman's  analyses,  which  were  made  from  a  very 
carefully  selected  average,  it  would  be  difficult  to  select  a  better 
set  of  irous  to  mix  together.  No  mixture  of  these  irons  could 
materially  change  any  element  except  the  silicon.  It  is  known 
that  while  using  such  a  high  silicon  iron  as  this  "  Pencost,"  it 
would  be  impossible  to  get  the  silicon  evenly  diffused  throughout 
the  melted  iron,  but  to  get  3.50  per  cent,  of  silicon  into  either 
"Iroquois"  or  "Hinkle,"  so  much  of  any  ordinary  iron  with  silicon 
rantxiui^  from  o  to  6  per  cent,  would  have  to  be  added  that  the  mix- 
ture wcnild  not  be  comparable  with  the  original  irons.  For  this 
purpose  therefore  it  was  necessary  to  use  an  iron  with  high  silicon. 

At  first  it  was  intended  to  make  only  six  series  with  ''Iro- 
quois," then  six  more  Avith  "  Hinkle "  were  added.  As  these 
would  represent  Northern  coke  and  charcoal  irons,  it  was  desir- 
able to  represent  Southern  iron  from  fossiliferou^  ore ;  but,  for 
reasons  given  regarding  the  difficulty  in  selecting  pig  iron  unless 
it  has  already  had  the  silicon  determined,  it  did  not  seem  prob- 
able that  a  gray  Southern  pig  iron  with  less  than  1  per  cent,  of 
silicon  could  be  obtained,  at  least  in  time.  The  Michigan  Stove 
Company  were  using  at  the  time  various  grades  of  De  Bardele- 
Ijen  Southern  pig  iron,  softened  by  Ashland,  Ky.,  silvery  iron. 
Three  series  of  test  bars  were  made  from  this  mixture,  which 
make  the  three  Southern  series.  It  was  suggested  that  the  irons 
used  in  the  tests  were  confined  rather  too  closely  to  the  region 
about  Detroit,  and  acting  on  this  suggestion,  a  series  was  ob- 
tained from  C.  G.  Bretting  &  Co.,  who  made  machinery  castings 
from  "  Hinkle  "  pig  iron  at  their  foundry  in  Ashland,  Wis.  We 
were  unable  to  find  a  founder  who  was  willing  to  make  a  series 
of  test  bars  from  a  regular  foundry  mixture  of  "  Iroquois."  A 
series  of  white  iron  test  bars  was  made  by  the  Michigan  Mallo- 
abl««  Iron  Co.,  of  Detroit.  The  patterns  and  flasks  were  then 
shipped  to  Philadelphia,  where  a  series  was  made  by  Messrs. 
Bement,  Miles  &  Co.,  manufacturers  of  heavy  machine  tools,  and 
another  by  Messrs.  A.  Whitney  &  Sons,  makers  of  car  wheels. 
hii'h  foundry  used  the  regular  mixture  required  for  the  work 
tJjt  V  wf-rf  doing  at  the  time,  and  the  moulding  was  done  the 
Hiiiiu-  ;i.H  for  their  own  castings. 

Tlio  twelve  series  from  "  Iroquois  "  and  "  Hinkle  "  were  melted 
with  coke,  whicli  Mr.  Dickman  found  to  be  of  the  following 
compoHitioii :  Fixed  carbon,  90  35  ;  volatile  matter,  0.94  ;  ash, 
8.71       100.     Sulphur,  0.97  ;  phosphorus,  0.021. 
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Description  of  the  Series  of  Tests. — The  Detroit  Stove  Works, 
of  Detroit,  had  a  small  cupola  suitable  for  the  work,  and  the 
depression  in  business  in  1894  made  it  possible  for  them  to 
sj^are  the  room  necessary  for  the  work.  They  volunteered  to 
furnish  the  men  required  and  the  fuel.  It  was  suggested  that 
one  series  should  be  made  each  day,  in  which  case  the  cupola 
would  be  relined  for  each  heat,  but  as  this  would  take  three 
weeks,  as  they  were  running  only  four  days  each  week,  it  was 
decided  to  run  one  heat  after  another  as  fast  as  the  moulds  could 
be  put  up,  without  dropping  the  cupola  bottom.  One  reason 
against  a  single  heat  of  700  pounds  each  day  was  that  the  iron 
first  melted  in  a  freshly  lined  cupola  is  harder,  has  a  higher 
shrinkage,  and  is  not  so  strong  as  that  melted  after  a  cupola  is 
hot.  The  desire  was  that  each  series  should  represent  the  aver- 
age iron  in  everyday  foundry  work.  The  cupola  was  30  '  diam- 
eter inside  the  lining.  The  tuyeres  were  in  vertical  rows,  each 
Ih"  in  diameter,  and  4  tuyeres  in  a  row.  These  took  the  wind 
from  a  chamber  inside  the  shell  3"  wide  x  24"  high,  into  which 
it  was  delivered  by  a  pipe,  on  each  side,  of  10"  diameter.  The 
Root  blower  was  driven  by  an  independent  engine,  therefore 
the  blast  was  under  perfect  control.  The  usual  bed  in  regular 
work  was  600  pounds,  and  the  superintendent,  Mr.  L.  Crowley, 
and  the  foreman,  Joseph  Unsold,  thought  it  best  to  use  this 
amount  for  each  heat  to  bring  the  melting  point  at  the  proper 
height.  The  iron  was  accurately  weighed  and  placed  in  boxes 
marked  with  the  number  of  the  series  to  which  it  belonged. 
The  "Pencost "  iron  was  charged  on  the  coke  first,  and  the  other 
iron  afterwards,  and  in  from  10  to  15  minutes  the  700  pounds  of 
iron  were  melted.  The  sand  for  moulds  for  the  whole  twelve  series 
was  wet  down  and  tempered  uniformly  before  melting  began, 
and  the  day  before,  one  moulder  worked  all  day  on  the  first  set 
of  moulds.  When  the  iron  was  melted  it  was  at  once  tapped  into 
two  bull  ladles  and  into  enough  small  ladles  to  fill  all  the  moulds. 
As  soon  as  all  the  iron  was  drawn  out,  the  test  bars  were  poured. 
Six  moulders  besides  the  melter  were  at  work.  The  two  bull  la- 
dles poured  the  4  ',  3",  and  2"  bars.  There  was  no  regular  order 
in  pouring,  except  that  the  iron  for  the  V'n  bars  was  caught  after 
the  bull  ladles  were  full.  As  soon  as  the  first  moulds  were  filled 
the  moulders  began  shaking  out.  As  it  took  longest  to  mould  the 
4"n  and  3"n  bars,  these  were  shaken  out  within  six  minutes  from 
the  time  they  were  poured.     The  yokes  were  cooled  in  a  tank 
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of  water,  and  moulding  the  next  series  began  at  once.  Sand 
was  never  used  over,  there  being  a  pile  of  tempered  sand  of 
sutiicieut  size  for  the  twelve  heats.  The  bars,  as  soon  as  they 
were  cool  enough  to  handle,  were  dragged  together  and  the  gates 
knocked  off. 

1*7  Htat,  Aug.  16,  1894. — The  first  bars  were  made  from  693 
pounds  of  "  Iroquois  "  iron  and  7  pounds  "  Pencost "  to  bring  the 
Si  to  1  per  cent.  The  gates  were  placed  in  a  box  marked  with 
the  same  number  as  the  test  bars.  Each  test  bar  contained  the 
number  1  raised  on  the  surface,  it  having  been  stamped  in  the 
mould.  As  soon  as  the  iron  was  in  the  ladles,  the'melter  knocked 
out  the  breast  of  the  cupola  and  pulled  out  what  slag  he  could 
reach.  The  wind  being  off,  the  draught  began  to  cool  the  slag  in 
the  cupola,  and  it  was  thought  best  to  use  some  limestone  at 
the  next  heat  to  thin  the  slag  to  facilitate  its  removal.  The 
wind  iov  tliis  first  heat  was  put  on  at  7.05  and  the  iron  was  all 
melted  at  7.22.  Time,  17  minutes,  and  all  bars  were  poured 
by  7. .'57  A.M.  Iron  charged  700  pounds  on  a  bed  of  600  pounds 
of  coke.  The 'test  bars  weighed  559  pounds  and  the  gates  69 
pounds. 

'Id  Ilidf. — 400  pounds  of  coke  were  charged  and  a  small  quan- 
tity of  limestone,  then  42  pounds  "Pencost,"  and  then  658 
'*  Iroquois,"  it  being  expected  that  the  castings  would  contain 
1.50  per  cent,  silicon.  Wind  went  on  at  9.10  a.m.  and  the  iron 
was  all  melted  at  9.18.  Time,  8  minutes.  As  the  time  taken  to 
pour  the  bars  was  substantially  the  same  in  each  heat  no  record 
wa.s  taken  after  the  first.  As  soon  as  the  iron  was  in  the  ladles 
the  breast  was  again  removed  and  more  slag  was  found  on  the 
bottom  than  Ijefore  and  it  soon  cooled  too  much  to  be  removed. 
Product :  573  pounds  test  bars  and  88  pounds  gates.  Moulding 
proceeded  as  before. 

'i'J  HffU. — The  charge  was  as  before,  400  pounds  coke,  about 
10  pounds  limestone,  7>5  pounds  "Pencost,"  and  622  pounds 
**  Irofpiois."  Silicon  estimated  2  per  cent.  Wind  on  11. 02,  iron 
all  melted  U.O.).  Time,  7  minutes.  There  was  not  as  much 
iron  in  the  hidleH  this  time  as  before,  and  one  set  of  round 
h&TH  could  not  be  poured.  The  slag  being  difficult  to  remove 
aft^jr  th'iH  heat,  calcined  lime  was  used  next  time  instead  of 
stone. 

4///  ///«/. —To  melt  out  slag  700  pounds  coke  were  charged  with 
about  15  pounds  lime,  and  the  wind  i)ut  on  before  the   iron. 
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Then  113  pounds  "Pencost"  was  charged  and  587  "Iroquois." 
Silicon  estimated  at  2.50  per  cent.  Wind  on  1.15  p.m.,  iron 
melted  at  1.25.  Time,  10  minutes.  As  soon  as  the  iron  was  in 
the  ladles  the  breast  was  removed  and  200  pounds  of  coke  and 
20  pounds  lime  were  charged  and  the  wind  put  on  light  to  melt 
out  the  slag.  The  product  was,  test  bars,  558  pounds  ;  gates, 
69  pounds.  It  now  seemed  as  though  more  than  6  heats  could 
be  made  before  evening. 

hth  Heat. — Coke,  600  pounds,  with  10  pounds  lime,  148  pounds 
"  Pencost,"  and  552  pounds  "  Iroquois."  Silicon  estimated  at 
3.00  per  cent.  Wind  on  3  p.m.  Iron  melted  at  3.15.  There  was 
not  enough  iron  to  pour  all  the  moulds.  Product :  523  pounds 
test  bars  and  68  pounds  gates.  On  removing  the  breast  the 
melter  and  foreman  thought  there  was  too  much  slag  to  proceed 
and  so  gave  up  work  for  the  day.  I  could  not  be  present  as  the 
work  proceeded,  or  I  would  probably  have  had  the  6th  heat 
taken  off,  as  the  iron  melted  fast  enough  each  time,  and  the 
accumulation  of  slag  could  not  influence  the  iron. 

Qth  Heat,  Aug.  17,  1894. — It  was  found  that  there  were  18  inches 
of  slag  in  the  cupola  after  the  5th  heat,  and  the  melter  was  not 
ready  for  a  heat  before  9.49  A.M.,  when  the  wind  was  put  on. 
Iron  was  all  melted  at  10.04  a.m.  Time,  15  minutes.  The  iron 
did  not  appear  as  hot  or  as  fluid  as  it  did  the  previous  day,  the 
cupola  being  freshly  lined.  There  was  not  enough  iron  to  fill 
all  the  moulds.  The  charge  was  600  pounds  coke,  10  pounds 
lime,  183  pounds  "Pencost,"  517  "Iroquois."  The  silicon  was 
figured  at  3.50  per  cent.  Product :  519  pounds  test  bars,  67 
pounds  gates.  This  completed  the  Iroquois  series,  but  the  last 
series  was  influenced  by  the  fresh  cupola. 

1  til  Heat. — First  of  "Hinkle."  This  day  the  wind  was  kept 
on  continuously,  though  very  soft  between  heats;  100  pounds 
of  coke  was  burned  in  this  way  between  each  heat  to  flux  out 
the  slag.  The  charge  was  600  pounds  coke  and  10  pounds  lime, 
700  pounds  "  Hinkle,"  and  no  "  Pencost,"  for  silicon  was  already 
1.00  per  cent.  Wind  was  on  at  11.15  a.m.  Iron  melted  at  11.30. 
Time,  15  minutes.  Product :  559  pounds  test  bars  and  79  pounds 
gates. 

%th  Heat — Coke,  600  pounds,  with  10  pounds  lime,  36  pounds 
"Pencost,"  QQi  "Hinkle."'  Silicon  estimated  1.50  per  cent. 
Wind  on  1  p.m.  Iron  melted  at  1.15.  Time,  15  minutes.  Pro- 
duct :  544  pounds  test  bars,  o2  pounds  gates.     The  wind  was 
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slowed  down  and  the  breast  rem  eyed    and   100   pounds    coke 
burned  to  allow  slag  to  run  out. 

9(/i  Heat. — Charge  :  coke.  600  pounds,  10  pounds  lime,  "  Pen- 
cost  "  72  pounds,  "  Hinkle  "  628  pounds.  Silicon,  2.00  per  cent. 
Wind  on  2.10  p.m.,  and  iron  melted  2.18.  Time,  8  minutes. 
Product :  530  pounds  test  bars  and  62  pounds  gates.  The  cupola 
was  free  from  slag  and  it  looked  like  finishing  the  12  heats  dur- 
iu«'  the  day.  The  600  pounds  of  coke  was  in  for  the  next  heat 
and  the  wind  increased  when  it  was  discoyered  that  the  cupola 
shell  was  red  hot,  and  it  was  thought  unsafe  to  take  off  another 
heat.  The  cupola  scrap  had  not  been  taken  from  under  the 
cupola  the  previous  day,  and  the  scrap  for  the  9  heats  was  now 
weighed.  The  scrap  for  the  two  days  was  423  pounds,  or  an 
average  of  47  pounds  for  each  heat.  The  loss  of  iron  for  the  9 
heats  was  339  pounds,  or  37.7  average  for  each  heat. 

10///  Heat,  August  20,  1894. — The  cupola  lining  had  been  re- 
paired. The  charge  was  650  pounds  coke,  108  pounds  "Pen- 
cost."  592  "Hinkle,"  silicon  estimated  2.50  per  cent.  No  lime 
was  used  as  there  were  only  three  heats  left.  Wind  on,  7.30  A.  M. ; 
iron  melted,  7.44  ;  time,  14  minutes.  Not  enough  iron  to  fill  all 
moulds.  These  had  stood  over  since  Friday  night  (foundry  run- 
ning only  four  days  per  week).  Product :  494  pound  test  bars, 
60  pound  gates.  This  iron  was  influenced  by  the  fresh  lining  of 
the  cupola. 

\Vh  Heat.— ChsiY^e  :  Coke,  650  pounds;  "  Pencost,"  144 
pounds ;  "  Hinkle,"  556  pounds  ;  silicon  calculated  at  3.00  per 
cent.  Wind  was  off  between  heats.  Wind  on,  9.04  a.m.  ;  iron 
melted,  0.13  ;  time,  9  minutes.  Product :  544  pounds  test  bars, 
59  pounds  gates. 

12M //<v//.— Charge :  Coke,  600  pounds;  "Pencost,"  180 
pounds;  "Hinkle,"  520  pounds;  silicon  estimated,  3.50  per 
cent.  Wind  on,  10.40  A.M. ,  iron  melted.  10.50 ;  time,  10  min- 
utes. Product :  559  pounds  test  bars,  75  pounds  gates.  The 
cupola  scrap  for  the  last  three  heats  was  158  pounds,  or  53 
ponnds  for  eacli  heat.  The  loss  of  iron  for  three  heats  150 
pounds,  or  an  average  of  50  pounds  for  each  heat. 

Remarks. — Each  set  of  six  heats  should  have  been  put  through 
the  cupola  in  one  day  without  relining.  This  would  have  made 
the  record  more  uniform.  The  best  results  would  be  obtained 
by  running  the  cupola  with  coke  alone  for  one  hour,  and  then 
melting  the  first  iron.     In  tliis  way  all  six  heats  would  have  been 
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melted  in  a  hot  cupola.  Some  otlier  liitcli  would  probably 
occur,  however,  to  prevent  a  uniform  series.  If  only  one  heat 
had  been  made  each  day  the  six  series  would  not  have  been 
likely  to  be  as  regular  as  they  now  are,  and  the  shrinkage  would 
have  been  too  high,  and  the  strength  too  low,  to  agree  with 
ordinary  practice. 

Again,  the  very  peculiarities  are  valuable,  as  showing  the 
influence  of  changes  in  treatment,  which  would  not  be  thought 
of  if  they  had  not  been  brought  out  in  this  way. 

Southern  or  De  Bardelehen  Series. 

Series  13,  August  22, 1894 — The  mixture  was  made  up  of  Nos.  2 
and  3  foundry,  and  Nos.l  and  2  soft  from  De  Bardeleben  Furnace 
(Ala.).  The  silicon  was  imparted  by  No.  3  Ashland  (Ky.),  silicon 
about  5  per  cent.  There  were  not  as  many  bars  moulded  as  in  the 
first  twelve  series,  the  weight  being  only  483  pounds.  Instead 
of  shaking  the  castings  out  quickly  as  before,  they  were  covered 
with  the  hot  sand  in  which  they  were  cast  and  it  took  the 
4-inch  square  bars  more  than  48  hours  to  cool.  Instead  of  having 
the  least  shrinkage,  they  proved  to  have  more  than  those  bars 
that  were  cooled  more  rapidly. 

Series  14. — This  series  was  made  July  16,  1894,  as  a  trial  of 
the  patterns,  and  comprised  all  of  the  sizes  of  bars  except  the 
1  X  2  X  38  and  the  20'inch  for  tension.  The  bars  were  poured 
from  substantially  the  same  mixture  as  Series  13,  only  a  little  less 
silicon  iron.  The  bars  were  all  poured  together  from  iron  caught 
at  one  time,  and  the  bars  were  shaken  out  at  once  and  left  to 
cool.  The  next  morning,  the  4"  and  3  '  bars  were  still  hot.  The 
charge  was  a  mixture  of  the  same  irons  as  Series  13,  and  the 
bars  weighed  558  pounds. 

Series  15,  August  29,  1894,  is  from  substantially  the  same  pig- 
iron  mixture  as  Series  13  and  14.  It  was  made  to  try  the  efi'ect 
of  more  rapid  cooling  upon  shrinkage.  For  Series  13,  14,  and 
15  the  iron  was  melted  in  a  cupola  62  inches  inside  diameter.  The 
lining  was  drawn  in  to  39  inches  just  over  the  tuyeres,  and  en- 
larged again  to  54  inches  below  the  tuyeres.  There  were  16 
tuyeres,  each  4"  high  and  7"  wide.  The  blast  was  from  a  No.  7 
Boot  blower  and  the  pressure  14  ounces.  The  fuel  was  Connels- 
ville  coke.  The  sand  bottom  was  18  inches  below  the  lower 
edge  of  the  tuyeres.  The  charge  was  1,400  pounds  of  coke  for  a 
bed,  1,700  pounds  pig  iron,  and  1,200  pounds  of  sprues  from  the 
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previous  day's  cast,  making  2,900  pounds  of  iron  to  each  charge. 
No  okl  scrap  was  used.  800  pounds  coke  and  the  same  weight 
of  iron  was  used,  as  before,  for  14  charges,  then  250  and  200 
pounds  of  coke  for  the  last  two  charges.  About  40  pounds  of 
limestone  were  used  to  each  ton  of  iron  melted,  and  the  slag  was 
tapped  after  the  ninth  charge.  The  amount  melted  in  this 
cu})ohi  per  day  w^as  about  30  tons.  The  test  bars  made  at  this  heat 
were  ten  V'  a  x  12  '  long,  two  I'd,  two  1"  x  2",  two  2"n,  2  x  3"  a, 
and  two  4"d,  and  twelve  round  bars  of  various  sizes.  The  iron 
was  taken  at  the  middle  of  the  heat.  There  were  2  bull  ladles 
holding  150  pounds  and  5  small  ladles  holding  40  pounds  each. 

The  catch  began  at  3.57  p.m.  and  ended  at  4.00  p.m.  It  took 
13  men  three  minutes  to  catch  the  iron  and  7  minutes  to  pour 
the  bars.  The  weight  of  the  test  bars,  not  counting  the  gates, 
was  483  pounds.  The  ^-inch  bars  were  shaken  out  at  4.05  P.M. 
The  1  ;  bars  at  4.08,  and  all  bars  were  shaken  out  at  4.15  and 
scraped  clean  of  loose  sand,  and  were  all  piled  in  a  row  on  a 
brick  floor  at  4.20  p.m. 

The  \"  c  bars  were  so  cool  that  they  did  not  feel  warm  to  the 
hand  in  1  hour  and  10  minutes  ;  the  1"  d  in  4  hours  30  minutes ; 
the  1"  X  2",  6  hours  30  minutes  ;  the  2"  n ,  in  9  hours  ;  the  3  "  n ,  in 
10  boui  s,  and  the  4 "  g  bars,  in  18  hours.  These,  bars  had  the 
least  shrinkage  of  the  three  series  of  Southern  iron. 

Series  13,  with  all  bars  covered,  cooled  as  follows  :  The  ^"  a ,  in 
3  hrs.;  the  1"-,  in  5  hrs.  30  min.;  the  1"  x  2",  in  7  hrs.  30  min.; 
the  2  3,  in  11  hrs.  80  min.  At  the  2d  Iroquois  heat  a  moulder 
was  a.sked  to  keep  time  when  the  bars  ceased  to  feel  hot.  He 
reported  :  The  V'  3  cooled  in  1  hr.  47  min.;  the  I'd,  in  3  hrs.  42 
min.;  the  1 '  x  2",  in  5  hrs.  27  min.;  the  2"d,  in  9  hrs.;  the  3"d,  in 
13  hrs.  30  min.;  the  4"n,  in  22  hrs.  30  min.  These  bars  were 
thrown  against  a  sand  heap  and  were  partially  covered  with 
sand. 

The  iron  for  Series  13,  14,  and  15  was  drawn  from  a  cupola  as 
£a»t  as  melted  at  the  rate  of  about  11  tons  per  hour.  The  pig 
was  broken  into  lengths  about  a  foot  long  and  the  grades  were 
mixed  as  perfectly  as  practicable,  the  silvery  iron  being  charged 
•irst.  Tliis  illustrates  the  mixture  of  elements  during  such  rapid 
melting,  but  it  was  more  uniform  on  account  of  the  Ashland 
'ontaining  only  5  per  cent,  of  silicon,  and  the  other  irons  from 
2.2.>  i>er  cent,  to  3.50  per  cent,  of  silicon. 

Sfries  16.— An   effort   was    made    to    have    "Iroquois"    and 
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''Hinkle  "  furnaces  each  procure  a  series  of  bars  from  a  foundry 
using  their  iron  exclusively.  The  former  did  not  respond,  but 
"Hinkle"  procured  a  series  of  bars  from  the  foundry  of  C.  G. 
Bretting  &  Co.,  Ashland,  Wis.,  who  used  No.  1  Hinkle,  with  the 
scrap  procured  from  old  pulleys  and  an  old  machine.  The  cast- 
ings made  at  the  same  time  as  the  test  bars,  gears,  pulleys,  and 
some  chilled  castings,  and  rather  light  machinery  castings.  The 
composition  of  the  pig  iron  and  scrap  was  so  nearly  uniform 
that  the  chemical  composition  of  each  of  the  bars  was  very  uni- 
form . 

Series  17. — The  lowest  silicon  was  in  Series  1  and  7.  It  was 
desirable  to  show  the  influence  of  fast  and  slow  cooling  on  per- 
fectly white  iron.  As  such  iron  is  not  used  in  ordinary  foundry 
work,  the  Michigan  Malleable  Iron  Company,  of  Detroit,  were 
requested  to  make  a  series  of  test  bars  from  the  white  iron  used 
to  pour  their  work. 

The  mixture  was  made  of  Lake  Superior  charcoal  pig  iron. 
The  iron  is  charged  into  an  air  furnace  which  will  melt  at  one 
firing  about  o\  tons  of  metal.  The  pig  iron  as  charged  contains 
from  1  to  1.25  per  cent,  of  silicon.  The  reverberatory  action  of 
the  flame  refines  the  iron  and  burns  out  the  silicon  until  it  is 
"  high  "  enough  to  run  almost  entirely  white  in  castings  of  about 
1  square  inch  section.  In  all  smaller  castings  it  runs  entirely 
white.  The  number  of  test  bars  made  was  the  same  as  in  Series 
15.  The  iron  was  all  taken  from  the  furnace  at  once,  and  at 
once  poured  into  the  moulds.  The  weight  of  test  bars  was  about 
480  pounds. 

AVhen  this  investigation  regarding  cast  iron  was  outlined,  this 
company  was  requested  to  melt  the  twelve  heats  of  "Iroquois'* 
and  "  Hinkle  "  in  one  of  their  air  furnaces,  thinking  that  the 
conditions  could  be  kept  more  nearly  uniform  than  in  a  cupola. 
It  was  found  that  the  construction  of  the  furnace  would  not 
admit  of  melting  as  small  a  quantity  as  700  pounds  of  pig  iron, 
and  another  objection  was  that  the  action  of  an  air  furnace 
would  more  or  less  change  the  metal  from  what  it  would  be  if 
melted  in  a  cupola.  {Gun  iron  is  exactly  this  iron,  only  it  is  not 
made  as  liigh  as  for  malleable  castings.)  In  melting  gun  iron, 
the  air  furnace  brings  the  iron  up  until  it  gives  the  required 
depth  of  chill.  In  this  Series  17  the  metal  is  gun  iron,  for  it  is 
made  from  charcoal  iron,  but  it  is  brought  to  higher  temper 
than  if  used  for  mortars  or  chilled  rolls.    An  effort  was  made  to 
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have  a  series  of  test  bars  made  at  Philadelphia  from  regular 
chill  roll  iron,  but  the  works  were  sold  just  before  the  patterns 
arrived.  Series  17  will  give  the  information  that  could  have 
beeu  obtained  from  a  mixture  intended  for  mortars,  or  for  chilled 

rolls. 

Series  18.— Since  the  work  had  so  far  outgrown  the  original 
plan  of  six  series  of  "Iroqouis"  iron,  it  was  thought  best  to 
acee])t  an  offer  of  Messrs.  Bement,  Miles  &  Co.,  of  Philadelphia, 
makers  of  the  heaviest  machine  tools,  to  make  such  castings  as 
we  might  desire.     In  each  of  the  preceding  series  the  iron  was 
melted  exactly  as  in  any  foundry,  and  was  drawn  into  as  many 
ladles  as  would  hold  the  quantity  of  iron  necessary  to  pour  the 
test  bars.     The  mixture  w^as  made  in  the  hearth  of  the  furnace, 
and  the  chemical  elements  were  more  or  less  unevenly  diffused, 
especially  in  tlie  first  twelve  series,  in  which  a  very  high  ferro- 
.silicou  was  used,  and  the  melting  was  very  rapid.     This  Series  18 
was  to  be  more  extensive  than  any  other,  and  was  to  be  a  check 
on  conclusions  drawn  from  the  previous  series.     The  metal  for 
this  series  was  to  be  mixed  in  a  large  ladle,  so  as  to  be  as  nearly 
homogeneous  as  it  was  possible  to  make  cast  iron.     Date,  Feb. 
18,  1>>95.    Tlie  cupola  record  was  2,250  pounds  each  (500  pounds 
each  charge  i,  "  Swede  "  (plain),  "  Pulaski  "  (No.  2),  "  Princess  " 
CSo.  2',  and  "Kemble"  (No.  2)  =-- 9,000  pounds ;  8,100  pounds 
scrap  1 1,800  pounds  each  charge),  900  pounds  cast  iron  borings 
'HH)  pounds  each  charge ) ;  total  iron  charge  4,000  pounds.    The 
bed  was  1,200  pounds  coke  and  600  pounds  coal,  and  160  pounds 
coke  and  100  pounds  coal  was  used  between  the  iron  charges. 
Numl>er  of  iron  cliarges,  41;  of  coke  charges,  3y.)     The  blast 
pressure,  was  8  ounces ;  fire  lighted  1  p.m.,  commenced  charg- 
ing 2.30 ;   men  2 ;   finished  charging  4.55   p.m.;   blast  on  4.00, 
first  iron  4.30,  bottom  dropped  5.80  p.m.     Pounds  iron  to  one 
of  fuel,  6.9 ;  pig  bed,  1,000  pounds.    The  test  bars  for  A.  S.  M.  E. 
were  cast  from  the  middle  of  the  heat.     Cast  iron  borings  were 
pnt  lip  in  wooden  boxes  with  covers  nailed  on,  100  pounds  to 
each   b^)X,   two   boxes   to   each    charge.     The    following   letter 
nrrompanied  tlio  above  :  "  The  cupola  used  was  a  '  Colliau,'  the 
.'intlinicite  coal  and  cok'',  witli  8  ounces  of  blast  pressure  ; 
proix>rtion  of  iron  to  fuel,  7  to  1  nearly.     The  total  heat  was  a 
ftrnall  one,  only  18,0f)f)  pounds ;    hence   the  low  rate   of  iron  to 
The  test  bars  were  poured  in  the  middle  of  the  heat.    The 
ir..ii  wa.s  taken  from  the  cupola  in  one  tap  into  a  2,500-pound 
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ladle.  Small  ladles  were  then  filled  from  the  2,500-pound  ladle, 
and  the  test  bars  were  poured  as  rapidly  as  possible.  The  iron 
was  hot  and  fairly  fluid.  A  test  piece  which  was  turned  to  1^  ' 
diameter  was  made  from  this  iron,  which  was  broken  at  A. 
Whitney  &  Sons,  and  showed  29,0^0  pounds  per  square  inch 
(tensile j.  The  large  test  bars,  3"  □  and  4"  □,  show  that  the 
metal  has  shrunk  somewhat.  This,  of  course,  could  have  been 
prevented  by  the  use  of  feeding  heads,  but  we  presumed  that  you 
wished  the  test  bars  to  show  what  the  iron  would  do,  conse- 
quently did  not  use  the  feeding  head.  Yours  very  truly,  Bement, 
Miles  &  Co.     Per  Wm.  H.  Derbyshire,  Supt." 

Series  19. — As  the  only  series  made  from  viscous  low  silicon 
iron  was  the  Series  17  of  white  iron,  the  offer,  bv  Messrs.  A. 
Whitney  k  Sons  of  Philadelphia,  makers  of  car-wheels,  to  make 
test  bars,  was  accepted.  This  iron  was  melted  in  a  cupola,  and, 
we  understand,  the  mixture  is  from  their  ordinary  w^heel  mix- 
ture. As  the  metal  Avas  first  caught  into  a  mixing  ladle,  the 
metal  may  be  considered  homogeneous.  The  sand  used  was  too 
coarse  to  give  the  best  results.  This  is  a  good  example  of  the 
lack  of  appreciation  of  the  importance  of  details  in  the  making 
of  test  bars.  A  rough  surface  has  the  same  effect  as  so  many 
nicks  in  the  surface,  and  weakens  the  bar.  The  series,  however, 
shows  another  of  the  ordinary  foundry  experiences,  and  what  we 
must  look  for  in  castings  from  cast  iron.  A  flaw,  or  blow-hole, 
or  a  bit  of  slag,  not  only  lessens  strength  from  the  decrease  of 
cross-section,  but  it  may  concentrate  all  of  the  strain  at  that 
point,  and  thus  make  a  casting  very  weak  that  otherwise  ap- 
pears strong.  This  iron  would  make  very  strong  large  castings, 
and  if  the  iron  had  been  poured  into  hea^y  machinery  castings, 
instead  of  car-wheels,  the  moulds  should  have  been  made 
smooth.  Mr.  A.  W.  Whitney  writes  "  that  they  could  not  spare 
sufficient  room  near  the  cupola  to  make  our  test  bars."  He 
says  :  "  The  two  ladles  of  iron  used  in  pouring  the  bars  were 
hauled  about  one  hundred  and  fifty  feet,  and  were  thus  poured 
colder  than  is  proper  for  this  iron.  Ten  minutes  covered  the 
whole  time  from  pouring  from  the  twelve-ton  ladle  until  every- 
thing was  cast.  If  it  had  been  convenient  for  you  to  wait  until 
we  could  conveniently  have  poured  these  tests  near  cupola,  and 
of  a  higher  chilling  mixture  than  we  find  convenient  to  make  at 
present,  the  larger  test  bars  would  have  made  a  better  showing 
for  us.     We  send  with  these  bars  one-half  of  our  regular  heav;\- 
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chill  tests,  poured  near  the  cupola,  and  a  piece  of  a  33"  double- 
plate  wheel,  cast  about  same  time.  It  took  two  blows  of  our 
seven  hundred  pounds  drop,  falling  ten  feet,  to  break  it  in  two 
pieces.  We  trust  that  these  test  bars  will  contribute  their  share 
of  information,  in  regard  to  the  practicability  of  a  uniform  test 
bar  for  all  kinds  of  iron." 

Numbering  Test  Bars. — One  of  the  most  difficult  things  for  the 
average  founder  to  understand  is  the  necessity  of  following 
routine.  He  cannot  understand  why  test  bars  made  by  him  can- 
not be  identitied  by  any  one  else.  The  sizes  of  test  bars  which 
coustiiute  these  tests  have  been  described.  For  transverse 
tests  there  were  514  n  test  ba.rs  cast  flat,  and  138  O  test  bars 
cast  flat  and  on  end,  for  transverse  test,  to  compare  with  □  bars 
of  same  cross-sectional  area. 

For  tensile  test  there  were  68  rd.  bars  cast  from  Eiehle  Bros.' 
patterns ;  27  rd.  bars,  IV'  diameter,  to  be  turned  to  a  1"  section ; 
28  rd.  bars  of  a  1 '  area  section,  20  inches  long.  Or  775  test 
bars  all  told. 

Most  of  the  test  bars  had  a  raised  figure  cast  upon  them,  indi- 
catiug  the  number  of  the  series.  As  soon  as  each  series  was 
received,  each  bar  had  its  consecutive  number  painted  on  each 
end  of  its  upper  side  (as  it  lay  in  the  mould),  with  white  paint, 
80  that  when  broken  each  piece  could  be  identified.  A  few 
bars  were  broken  in  transit,  a  few  were  accidentally  broken  in 
the  machine  without  a  record  being  taken,  and  quite  a  number 
of  sizes  of  bars  were  not  made  in  each  of  the  series.  The  first 
tiling  oD  receiving  a  series  of  bars  along  with  the  yokes  in 
which  they  were  cast,  was  to  measure  the  shrinkage,  by  placing 
each  bar  on  the  follow  board  and  in  the  yoke  that  contained  the 
»ame  marks  as  were  marked  on  the  bar.  The  yokes  of  each  size 
were  marked  with  one  and  two  notches,  and  the  patterns  were 
marked  in  the  same  way,  so  that  the  test  bars  had  one  or  two 
notches,  which  indicated  the  yoke  in  which  it  was  cast.  Each 
Jk^uare  bar  for  transverse  test  was  cast  horizontal,  two  bars 
exactly  alike  being  run  from  the  same  gate,  which  was  set  so  as 
to  feed  the  iron  from  the  under  side  of  the  casting.  There  was 
one  gate  near  each  end  of  the  mould.  This  arrangement  made 
the  lower  half  of  the  casting  solid,  and  imperfections  on  the 
upper  surface  would  do  comparatively  little  harm,  as  the  upper 
portion  of  the  bar  was  only  subject  to  compression.  Cast-iron 
yokes  were  bedded  in  the  sand,  so  that  parallel  iron  surfaces 
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should  form  the  ends  of  the  mould  to  chill  each  end  of  the  bars 
and  permit  the  measurement  of  shrinkage  by  sliding  a  graduated 
wedge  between  the  end  of  a  bar  and  the  surface  of  the  chilling 
surface  of  the  yoke.  One  corner  of  each  bar  was  then  split  off 
to  allow  measuring  the  depth  of  chill.  The  bars  were  then 
packed  and  were  shipped  to  the  engineering  schools  where 
they  were  to  be  tested. 
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DCLV.* 
TRAXSVERSE  STRENGTH  OF  CAST  IRON, 

REVIEW  OF  RESULTS   OF   TESTS   MADE  FOR   THE   COMMITTEE    ON 
STANDARD  TESTS  AND  METHODS  OF  TESTING   MATERIALS. 

BT  W.  J.   KEEP,  DETROIT,   MICH.,   MEMBER  OF  COMMITTEE  ON  STANDARD  TESTS,   ETC. 

(Member  of  the  Society.) 

Strength  is  the  ability  of  a  material  to  resist  rupture.  Max- 
imum strengtli  is  the  greatest  stress  which  a  piece  of  material 
will  resist.  To  obtain  the  necessary  data  for  the  consideration 
of  this  subject,  a  large  number  of  test  bars  were  made  from  dif- 
ferent mixtures  of  irons. t 

*  Presented  at  the  Detroit  meeting  (June,  1895)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Transactions. 

+  A  full  chemical  analysis  of  each  pair  of  test  bars  has  been  made  by  Mr.  R.  N. 
Dickman  (71  Atwater  Building,  Cleveland,  Ohio),  assisted  by  Mr.  John  Douglass 
and  l<y  Mr.  E.  Klooz,  and  by  Messrs.  Dickman  and  Mackenzie,  1224  Rookery 
B'tilding,  Chicago. 

All  test  bars  1"  a  and  1"  x  2"  were  tested  by  Professors  R.  C.  Carpenter  and  C. 
E.  HoughiOD  at  Sibley  College,  Cornell  University. 

All  bare  2"  n,  3"  D,  and  4"  n  have  been  tested  by  Professor  C.  H.  Benjamin, 
aH>«i8t»id  by  Messrs.  Lyman  Marshall  and  L.  G.  Robbins  at  Case  School  of  Applied 
Sciences,  Cleveland,  Ohio.  The  3"  D  and  4"  Q  bars  of  Series  17  were  tested  on 
the  3^K),(K)0  pound  te.sting  machine  of  the  Otis  Steel  Company  of  Cleveland. 

S-ries  1  to  12  were  made  at  the  Detroit  Stove  Works,  under  the  supervision  of 
L.  Crowley. 

Series  13,  14,  and  15  were  made  at  the  works  of  the  Michigan  Stove  Company, 
frrnn  ih»tir  regular  iron  mixture. 

Series  10  was  made  by  Mes.srs.  C.  G.  Bretting  &  Co.,  of  Ashland,  Wis.,  makers 

of  machinery  castings  ;   S«;ries  17  by  the  Michigan  Malleable  Iron  Company,  of 

Detroit ;   Series  18  was  made  by  Messrs.  Bement,  Miles  &  Co.,  makers  of  heavy 

^    ■'  TMii1ad»lphiii  ;  and  Series  19  by  Messrs.  A.  Whitney  &  Sons,  makers 

^  in  Philadelphia. 

Th«  ••  Iroquois'*  pig  iron,  for  the  first  six  series  of  bars,  was  furnished  by  the 
Iroquois  Furnace  CompHtiy,  of  Chicago,  and  the  "  Ilinkle  "  pig  iron,  for  the 
•ocond  six  fwrlGH.  was  furnished  Ijy  the  Ashland  Iron  and  Steel  Company,  of  Ash- 
land. Wb. 

Id  Ihf  r*?i»ort  of  the  committee  a  full  description  of  each  mixture  and  all  de- 
Uilfl  of  prr»ce<lure  will  be  given.  The  complete  log  of  each  test  will  be  on  file  in 
the  Society's  archives. 


TRANSVERSE   STRENGTH   OF   CAST   IRON.  1083 

There  were  six  series  of  test  bars  (1  to  6)  made  from  "  Iro- 
quois "  coke  pig  iron  produced  from  Lake  Superior  ore. 

There  were  three  series  of  Southern  ("  De  Bardeleben  ")  coke 
pig  iron  (13  to  15 »,  from  red  fossil  ore. 

There  were  six  series  (7  to  12)  of  "Hinkle"  charcoal  pig  iron, 
from  Lake  Superior  ore. 

And  there  were  made  by  four  different  foundries,  from  their 
regular  mixture,  series  16  to  19. 

The  six  '''  L'oquois  "  series  had  their  silicon  varied  by  means 
of  additions  of  "  Pencost "  f  silicon  iron,  and  the  average  silicon 
by  analysis  was,  in  1st,  Si  0.81 ;  2d,  Si  1.20 ;  3d,  Si  1.88 ;  4th,  Si 
2.01;  6th,  Si  3.04,  and  5th,  Si  3.19  per  cent. 

The  three  "  De  Bardeleben  "  series  received  silicon  from  Ash- 
land, Ky.,*  silvery  iron,  and  the  average  silicon  by  analysis  was, 
in  Series  14,  Si  2.81 ;  in  Series  13,  Si  3.18,  and  in  Series  15,  Si 
8.51  per  cent. 

The  six  "  Hinkle "  series  received  silicon  from  "  Pencost," 
and  the  average  silicon  by  analysis  was,  in  7th,  Si  0.93 ;  8th,  Si 
1.17 ;  9th,  Si  1.67 ;  10th,  Si  2.23  ;  11th,  Si  2.71 ;  and  12th,  Si 
3.05  per  cent. 

The  series  from  the  various  foundries  (including  Series  14, 
13,  and  15)  were  from  their  regular  iron  mixture,  and  the  per- 
centage of  silicon  by  analysis  is  given  in  Table  IIL 

Each  one  of  the  nineteen  series  contained  nine  test  bars 
■J"n  xl2"  long,  two  bars  of  each  of  the  following  sections,  1"°, 
l"x2",  2''d,  3"n,  and  4"d,  each  of  which  were  two  feet  long. 
In  addition,  the  first  twelve  series,  and  the  fourteenth,  con- 
tained two  bars  1'  □  of  each  of  the  following  lengths,  1  foot, 
4  feet,  and  4  feet  6  inches,  and  they  also  each  contained  two 
bars  1"  X  2  '  X  1  foot  long.  When  records  of  any  of  these  test 
bars    are  wanting,  it   is  because  there  was   not   enough   iron 


Analysis  : 

*  "  Ashland."        t  "Pencost.' 

Total  Carbon  3.333  2.79 

Combined  Carbon 209  .75 

Graphitic  Carbon 3.124  2.04 

( 5.692  11 .00 

SilicouJ 5.717  10.87 

( 5.399  10.27 

Phosphorus 1 .543  .487 

Sulphur 044  .015 

Manffaoese 963  .67 
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cau^^ht  in  the  ladles  to  pour  them,  or  because  bars  were  broken 
accidentally  without  a  record  being  made. 

Table  1.  contains  the  average  record  of  maximum  strength  of 
each  pair  of  test  bars. 


TABLE  I. 
Transverse  Breaking  Loads. 


No.  OF 

Sekiks. 

Dimensions 

OF  Test  Bars. 

1) 

11 

T1 

1; 

1     1 

T-H 

D 

Of 

a 
03 

1 

H 
D 

289 
339 
389 
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430 
471 

D        p 

1-1     1   y-< 

a 

D 
th 

a 

m 
O 
B  J 

f 

n 

2 
3 
4 
5 
^  6 

2.589 
2.140 
2,619 
2,620 

'2,214 

1,013 
1,023 
1,248 
1,200 
1,232 

513 
562 

'556' 
585 
557 

468 
471 
518 
517 
540 
425 

4,181 
4,050 
4,300 
4,336 

'4,180 

1,857 
1,958 
2,290 
1,832 

2,128 

7,450 
7,050 
7,150 
7,025 
8,400 
6,225 

25,200 
22,800 
19,250 
19,300 
23,175 
17,750 

54,500 
50,450 
42,700 
48,750 
42,600 
42,150 

o 

M 
C  ' 

f  "7 

8 

9 

10 

11 

12 

338 
395 
329 
439 
443 
456 

2,186 
2,457 
2.356 
2,185 
2,290 
2,105 

1,073 
1,100 

1,088 
1,042 

'1,320 

468 
528 
527 

"581' 
501 

450 
463 
490 
458 
503 

4,030 

4,272 

'3,775 
4,110 
3,673 

1,708 
1,925 
1.753 

"2,'l'66' 
1,940 

1,968 
2,200 

6,650 
7,050 
6,850 
6,640 
6,850 
7,800 

22,750 
22,175 

18,850 
20,550 
21,575 

27,900 

24,050 
25,250 

22,700 

22,150 
41,800 
25,350 
31,600 

43,350 
53,450 
46,300 
51,500 
44,400 
45,400 

o  E  -  13 

378 
394 

2,592 

1,200 
1,173 
1.117 

612 

512 

4,765 

8,450 
8,275 
8,650 

55,050 
52,450 

S''  tl5i  427 

56,350 

i  ri6 

i  17 

378 
1  471 



1,104 
1,424 
1.400 
1,292 

2,079 
2,661 
2,352 
2,703 

7,250 

13,450 

8,200 

9,600 

44,500 

92,000 

i  '  18  446 
£  19  877 

58,700 

68,500 

Table  II.  contains  the  record  of  average  strength  of  test  bars 
J"D,  rn,  l"x2",  2"n,  3"n,  and  4"n,  each  two  feet  long,  each 
record  being  reduced  to  the  -dimensions  of  the  smallest  bar, 
VIZ.,  a  bar  J"c  xl  foot  long,  as  this  is  the  only  way  to  make 
a  direct  comparison  of  the  different  records. 
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TABLE  II. 
Breaking  Loads  reduced  to  I"  n    Bar. 


Section  of 

Test  Bar. 

No.  or 
Series. 

• 

i"a 

V'a 

l"x2" 

2"  a 

3"D 

4"D 

Iroquois 

1 
2 

289 
839 

274 
267 

246 
249 

283 
220 

238 
211 

213 

197 

3 

889 

344 

277 

224 

178 

167 

4 

427 

299 

250 

220 

179 

190 

5 

430 

302 

266 

262 

214 

166 

6 

471 

265 

261 

198 

164 

164 

Hinkle 

7 

838 

257 

233 

208 

205 

169 

8 

895 

277 

254 

220 

205 

209 

9 

329 

276 

219 

214 

174 

181 

10 

439 

267 

236 

208 

190 

201 

11 

448 

289 

264 

214 

200 

174 

13 

456 

281 

236 

244 

259 

177 

Southern 

14 
13 

878 
894 

304 
293 

272 
275 

264 
259 

228 
234 

215 

205 

15 

427 

279 

270 

210 

220 

C.  G.  Bretting  &  Co 

16 

378 

276 

259 

227 

205 

174 

Mich.  Mall.  Iron  Co 

17 

471 

856 

338 

420 

387 

359 

Bement,  Miles  &  Co 

18 

446 

350 

294 

256 

235 

229 

A.  Whitney  &  Sons 

19 

877 

323 

338 

300 

292 

269 

For  more  ready  comparison  I  have  plotted  in  Chart  I.  (Fig. 
296 )  the  records  of  "  Iroquois,"  "  De  Bardeleben,"  and  the  series 
No.  18  from  Bement,  Miles  &  Co.,  from  coke  and  anthracite  irons, 
and  No.  19,  from  A.  "Whitney  &  Sons  (Philadelphia).  The  record 
of  the  Series  17,  from  the  Michigan  Malleable  Iron  Company,  of 
Detroit,  is  also  plotted  on  this  chart.  This  latter  is  from  char- 
coal pig  iron  melted  in  an  air  furnace  until  it  is  suitable  to  pour 
for  malleable  castings.    It  is  of  the  same  composition  as  gun  iron. 

The  records  of  "  Hinkle  "  and  the  series  from  C.  G.  fretting 
&  Co.,  from  "Hinkle"  charcoal  iron,  are  plotted  in  Chart  11. 
(Fig.  297). 

The  cause  of  much  of  the  irregularity  of  these  records  is  the 
varying  conditions  which  surround  all  foundry  operations. 
Practical  iron-founding  cannot  be  separated  from  such  influ- 
ences, which  produce  variations  in  each  casting. 

Chart  III.  (Fig.  298)  is  a  modification  of  Chart  II.,  the  curves 
having  been  made  regular ;  that  is,  the  influences  which  caused 
the  variations  in  the  record  of  the  different  sizes  of  bars  have 
been  eliminated,  but  the  general  conditions  which  influenced 
each  series  as  a  whole  are  left  unchanged. 


1086 


TRANSVERSE   STRENGTH    OF    CAST   IRON. 


CHART   I. 


,i  1  t-«>i  I  I  i.aoi  1 1  i.)ipi  I  I  i.^i  I  I  I.5QI  I  I  i.eoi  I  I  i.TOi  iYr.8Q"n'rr.9on 


Aia.Bauk  NoUi  Co.  N.Y. 


leo"" 


Fig.  296. 
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CHART   II. 


I    I    I    1.301    I    I    I.60  I    I    I    i.TOl    I    I    I.SjOl    I    I    1.90  Ul    |160 


Am. Bank  NoteCo.N.K. 


Fig.  297. 
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CHART   III. 


iLl    I    I    l-yl    I    I    |.-20|    I    I    |.30|    I    I    |.4b|    I    I    1.501    I    I    |.a)|    I    I    I.TjOl    |    |    |. 


1^1   M.JPI   I   I   IJOI   I   I   l.an  I   I    I   1.40  I    I    I    i.w  I    I    I    1.60  I    I   I    I  Jo  l    l    l    |.80  !    I    I    |.90  |    |   Ij^ 


Am.Buik  Note  Co.  N.T. 


Fig.  298. 


TRANSVERSE   STRENGTH   OF   CAST   IRON. 


1089' 


CHART   IV. 


.ta>.BukNeuCo.:<.f. 


Fig.  299. 
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CHART    V. 


I  I  ,   i.fJQ,  I   ,  ,.7pi   ,   I  ,.80i   ,  .   ,.99-rT-r3a)igQ 


A»»MA«iM.-P>  KEEP'S  TABLES. 

MrrnoxiMATC    HtLATION    OF  STRtNGTH    TO    SIZE   &    PERCENTAGE   OF  SILICON. 


(All  rtductd  to  Area  of  a  >i,'a  bar.) 

Fig.  300. 
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Chart  ly.  (Fig.  299 1  is  a  modification  of  Chart  I.,  the  curves 
having  been  made  regular,  as  in  the  last  case. 

Chart  V.  (Fig.  300j  is  a  modification  of  Chart  IV.,  every  con- 
dition having  been  made  uniform. 

As  it  is  impossible  in  practical  foundry  work  to  obtain  uni- 
form conditions,  this  chart  is  ideal,  and  the  records  are  there- 
fore approximate.  The  iron  for  each  of  these  nineteen  series 
of  test  bars  was  melted  in  a  cupola  with  coke,  and  the  mould- 
ing was  like  that  of  ordinary  castings,  surrounded  by  the  con- 
ditions which  are  certain  to  surround  all  foundry  operations. 
These  nineteen  series  are,  therefore,  ordinary  castings  taken 
from  various  foundries.  Laboratory  tests,  under  conditions  as 
uniform  as  possible,  were  made  before  these  practical  tests  w^ere 
undertaken,  to  determine  the  influence  of  varying  chemical  com- 
positions on  the  physical  quality  of  cast  iron. 

Only  such  tendencies  as  are  apparent  in  all  of  the  series  will 
be  accepted  as  generally  applicable  to  cast  iron. 

The  castings  of  each  entire  series  were  cast  from  one  iron 
mixture,  melted  and  drawn  from  the  cupola  at  once,  and  poured 
at  the  same  time  into  moulds  which  were  of  uniform  composi- 
tion. For  this  reason  the  larger  the  casting  the  more  slowly 
would  the  metal  cool.  Each  increase  in  size  represents  a  slower 
rate  of  cooling,  which  causes  the  grain  to  be  more  coarse  and 
loosely  put  together  in  the  larger  castings. 

Method  of  Examination  of  These  Tests. — The  opinions  re- 
garding the  strength  of  cast  iron,  which  are  found  stated  in 
works  on  metallurgy,  and  which  are  held  by  most  founders, 
must  have  had  their  origin  in  the  examination  of  just  such  cast- 
ings as  the  nineteen  series  which  I  have  produced. 

I  shall,  therefore,  show  by  these  nineteen  series  how  such  opin- 
ions originated,  and  if  they  are  incorrect,  I  shall  prove  the  error 
from  the  same  tests  by  which  I  explain  their  origin.  Any  new 
conclusions  will  be  drawn  from  the  same  nineteen  series  of  tests. 

What  These  Tests  Show. — As  the  base  of  all  reasoning,  let  it, 
for  the  present,  be  accepted  that  strength  is  wholly  dependent 
upon  the  grain.  A  casting  may  be  brittle,  and  for  that  reason 
weak,  as  often  occurs  in  small  castings  If  the  grain  is  coarse 
and  loosely  formed,  as  in  large  castings,  weakness  will  result  from 
lack  of  cohesion.  If  the  grain  is  fine  and  close,  as  in  small  gray 
castings,  they  will  be  strong.  I  shall,  as  I  proceed,  furnish  from 
these  nineteen  series  of  tests  ample  proof  for  these  statements. 
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Strenq^li  Increa^^es  hiih'  V'  n  Bars  with  each  Increase  of  Silicon. — 
Those  tests  sliow  this  to  be  true,  with  increases  of  silicon  as  high 
as3.')0  per  cent.,  and  this  is  as  high  as  it  will  be  found  in  any  ordi- 
nary foundry  mixture.  The  castings  are  also  softer  with  each  in- 
crease of  silicon.    This  also  corresponds  with  foundry  experience. 

St/rnqth  decreases  as  castings  increase  in  size,  when  both  large 
and  small  castings  are  made  from  the  same  iron.  Decrease  in 
strength  is  more  rapid  in  castings  between  the  sizes  of  \"  n  and 
1  z  than  between  larger  sizes.  The  decrease  grows  less  rapid 
for  same  diiferences  in  Si  as  the  size  increases. 

Decrease  in  strength  is  greater  and  more  rapid  ivith  each  increase 
of  slUoju.  In  each  of  the  charts  the  curve  representing  the 
strength  due  to  the  lowest  percentage  of  silicon  begins  lowest 
on  the  ordinate  of  the  ]i"  n  test  bar,  but  owing  to  the  decrease 
of  strength  due  to  each  increase  in  size  of  test  bar  the  curve 
ends  on  the  ordinate  of  the  4"  n  bar  at  a  point  much  lower  than 
that  at  which  it  began. 

The  curve  re^Dresenting  the  strength  due  to  the  highest  percent- 
age of  silicon  begins  at  the  highest  point  on  the  ordinate  of  the 
y  ::  bar,  and  because  the  increase  of  silicon  causes  a  more  rapid 
decrease  of  strength  in  the  larger  bars,  the  curve  drops  much 
more  rapidly  tlian  the  low  silicon  curve.  This  causes  the  distance 
between  the  curves  to  diminish  as  the  size  of  the  bars  grows  larger. 

For  example,  in  Chart  III.,  "Hinkle,"  the  total  difference 
l>etween  the  curves  having  the  lowest  and  highest  beginning  on 
the  \  ~  ordinate  is  129  pounds,  but  the  upper  curve  drops  so 
rapidly  that  it  approaches  the  lowest  curve,  so  that  on  the 
•4  z  ordinate  the  difference  is  only  4  pounds.  Many  of  the 
'*  Hinkle  "  curves  drop  entirely  across  others  with  lower  silicon. 

In  Chart  TV.,  "  Iroquois,"  the  curve  that  begins  lowest  at  290 
p^ninds  ends  at  224  pounds.  It  drops  GO  pounds  less  than  the 
*'  Hinkle  "  curve  that  began  lowest,  but  the  "  Iroquois  "  curve 
t!i;it  liftgins  highest  drops  much  more  rapidly  than  the  highest 
'*  Hinkle,"  and  ends  00  pounds  below  the  "  Iroquois  "  curve  that 
ix"/an  lowest.  It  crossed  this  latter  curve  on  the  ordinate  of 
tn'-  1  bar.  A  1  J  test  bar  would  therefore  indicate  the  same 
•^ir»'nj:th  for  those  two  iron  mixtures,  one  with  about  .80  per  cent 
of  Hilicon  and  the  other  with  about  3  per  cent.  In  the  "  Iro- 
quoift.  Chart  I.,  each  higher  silicon  curve  crosses  all  curves 
which  present  lower  silicon. 

Kefemng  to  C'hart  V.,  we  see,  as  a  result  of  tliese  curves  cross- 
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ing  the  others,  that  the  records  on  the  4"  n  ordinate  show  that 
the  large  test  bars  are  weaker  with  each  increase  of  silicon, 
while  the  i"  n  bars  are  stronger. 

That  increase  of  silicon  weakens  large  castings  is  in  accord 
with  shop  experience  and  with  general  opinion. 

The  fact  that  a  small  casting  grows  stronger  with  each  increase 
of  silicon  (at  least  up  to  3  per  cent.)  does  not  seem  to  have  been 
noticed,  probably  because  test  bars  of  1  n  inch  area  have  been 
used.  It  is  the  experience  of  makers  of  castings  thicker  than 
1",  that  any  increase  of  silicon  softens  the  casting,  but  at  the 
expense  of  strength.  For  large  castings,  therefore,  it  has  been 
the  practice  to  use  the  least  silicon  that  would  produce  the 
requisite  softness. 

It  will  be  seen  that  the  six  "  Iroquois  "  series  represent  the 
mixtures  suitable  for  all  sizes  of  machinery  castings,  and  that 
the  records  conform  to  shop  experience ;  therefore  Chart  V.  has 
been  formed  from  this  data  as  representing  shop  experience 
freed  from  all  disturbing  conditions,  while  Chart  I.  shows  the 
same  data,  influenced  by  the  varying  conditions  met  with  in 
everyday  foundry  practice. 

In  making  calculations  Chart  Y.  shows  what  we  should  have, 
but  Chart  I.  represents  what  we  shall  be  likely  to  have.  It  is 
because  of  these  variations,  that  cannot  be  avoided  by  the 
founder,  that  in  cast  iron  we  can  only  approximate,  and  must 
therefore  allow  a  very  large  factor  of  safety. 

In  the  examination  of  the  strength  of  cast  iron,  the  indications 
which  are  apparent  in  Chart  V.,  and  which  are  sustained  by  each 
of  the  other  charts,  may  be  considered  generally  applicable  to 
all  foundry  iron  mixtures. 

The  record  of  one  size  of  test  bar  cannot  indicate  the  strength  of 
anotJier  size,  for  the  reason  that,  with  the  same  iron,  aside  from 
the  local  causes  of  derangement,  any  change  in  size,  or,  in  other 
words,  any  change  in  the  rate  of  cooling,  will  change  the  grain 
and  strength.  Each  mixture  of  iron  and  each  percentage  of 
silicon  will  produce  the  best  results  in  some  one  single  size  of 
casting,  and  not  as  good  a  result  in  any  other  size. 

Gun  iron,  chill  roll  iron,  and  car-wheel  iron  will  make  a 
strong,  large  casting,  but  in  a  ^"  d  casting  such  iron  would  be 
white,  brittle,  weak,  and  hard,  for  it  is  entirely  unsuitable  for 
small  castings.  As  an  example  of  this,  "Iroquois,"  Series  1,  or 
the  1  per  cent.  Iroquois  in  Chart  V.,  is  weaker  in  the  i"  bar  than 
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;inv  other  mixture  on  the  chart,  and  it  is  stronger  than  any 
other  in  the  4  :^  casting.  It  is  therefore  suitable  for  heavy 
machinerv  castings.  The  3.50  per  cent,  series  of  the  same  chart 
is  the  strongest  in  the  J"  n  bar  and  weakest  in  the  larger  bars, 
therefore  such  high  silicon  mixtures  are  only  suitable  for  the 
lightest  castings. 

Instead  of  proving  the  absurdity,  that  a  high  silicon  mixture 
is  stron<Ter  than  gun  iron,  it  shows  that  each  iron  mixture  is 
strongest  for  the  size  of  casting  for  which  it  is  best  adapted. 

The  term  "  mst  iron  "  does  not  indicate  a  definite  composition , 
wliose  strength  in  a  test  bar,  broken  transversely,  varies  directly 
as  the  square  of  the  height,  as  the  breadth,  and  inversely  as  the 
length.  Tlie  metal  is  strong  according  as  its  grain  is  coarse  or 
fine,  and  this  is  governed  by  the  percentage  of  silicon  and  by  the 
rate  of  coolinii-,  and  bv  local  conditions  over  which  the  founder 
has  no  control.  Therefore  the  test  records  of  most  investiga- 
tors are  of  little  value,  because  they  were  not  aware  that  a  large 
casting,  cut  down  to  another  size,  was  weaker  than  if  cast  to 
size,  and  they  were  not  aware  that  an  increase  in  silicon  would 
strengthen  a  small  casting  and  weaken  a  large  one.  Their  work 
would  be  comparable  with  other  tests  if  all  had  recorded  the  per- 
centage of  silicon,  or  the  shrinkage,  which  would  give  an  idea 
of  the  amount  of  silicon,  and  if  they  had  stated  whether  the 
casting  was  cast  the  size  at  which  it  was  tested,  or  what  size  it 

~  before  it  was  cut  down  to  the  required  size.  In  the  latter 
case,  however,  the  test  would  be  of  little  value,  as  no  casting 
has  the  same  grain  all  the  way  through.  And  then,  as  shown  in 
thf  "  Hinkle  "  and  "  Iroquois  "  tests,  the  character  of  the  origi- 
nal irons,  or  the  heat  of  the  cupola  at  the  time  the  iron  was 
molted,  would  change  the  strength,  outside  of  the  influence  of 
silicon  or  the  rate  of  cooling. 

The  foregoing  will  partially  explain  the  lack  of  agreement 
l»etween  t'ists  of  cast  iron  and  the  origin  of  the  opinion  that 
physical  tests  of  cast  iron  do  not  indicate  the  compositions. 

Some  have  conceived  that  the  size  of  test  bar  which  would 
j?ive  the  most  uniform  results  for  all  cast-iron  mixtures  would 
hii  the  best  size  for  a  standard.  The  idea  would  be  to  have  the 
lea.Ht  difference  between  the  hitrhest  and  the  lowest  record,  and 
the  p^eatest  uniformity  in  results. 

An  examination  of  the  actual  records  of  both  "Iroquois"  and 
"Hinkle,"  Charts  I.  and  II.,  shows  at  a  glance  that  the  1"  n  bar 
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best  fills  these  requirements.  This  size  shows  very  nearly  the 
same  record  for  each  percentage  of  silicon.  In  examining  Charts 
III.  and  IV.,  and  especially  V.,  it  is  seen  that  as  each  curve 
crosses  each  of  the  others  there  will  be  a  size  of  casting  which 
will  show  the  same  strength  in  both  a  high  and  a  low  silicon 
iron,  and  that  a  test  bar  of  this  size  would  give  no  indication  as 
to  the  difference  in  the  metal  in  these  two  irons,  but  the  results 
of  such  a  test  bar  would  be  absolutely  uniform. 

The  prevailing  opinion  is  that  the  1"  □  test  bar  is  the  best 
size,  while  quite  a  number  are  in  favor  of  a  bar  of  l"x2' 
section.  An  examination  of  the  charts,  especially  Y.,  shows 
that  the  points  where  the  curves  cross  are  located  between  the 
1"  D  bar  and  the  l"x2"  bar.  Both  of  these  sizes  show  that 
the  increase  in  silicon  has  made  the  bars  weaker.  The  1  per 
cent.  "  Iroquois,"  Chart  Y.,  contains  so  little  silicon  as  to  be 
weak  from  brittleness,  and  the  series  containing  H  per  cent, 
silicon  shows  strongest  of  the  six  series  in  the  1"  n  test  bar, 
and  the  series  with  3  per  cent,  silicon  shows  weakest.  Profes- 
sor Turner  estimates  from  his  tests  with  a  1"  n  bar  that  1^ 
per  cent.  Si  will  make  the  strongest  castings.  But  the  maker 
of  heavy  castings  knows  that  the  1  per  cent,  silicon  iron  will 
make  a  stronger  heavy  casting,  and  this  is  shown  in  the  chart. 
The  1"  n  bar  does  not  give  intelligible  results  to  him.  The 
crossing  point  between  the  1}  and  2  per  cent,  series  is  very 
near  the  perpendicular  representing  the  1"  n  bar,  which  would 
cause  the  same  record  for  each  of  these  percentages  of  silicon. 

Thus,  while  the  1"  n  test  bar  gives  results  nearer  together 
than  any  other  size,  yet  for  light  or  heavy  machinery  irons  it 
does  not  give  intelligible  results.  In  practice,  with  varying 
foundry  conditions,  as  in  Charts  I.  and  II.,  the  test  records  of 
bars  between  1  z  and  l"x2"  will  give  such  variable  results, 
though  near  together,  that  they  will  show  nothing  definitely. 

In  Chart  Y.  the  only  definite  records  are  those  of  the  4  "  n 
bars,  showing  in  every  case  increased  strength  for  each  increase 
of  silicon,  and  bars  of  a  larger  section  than  2 '  n,  which  show 
increasing  weakness  with  every  increase  of  silicon.  In  Charts  I. 
and  II.  the  records  of  the  ^  "  bar  are  definite,  while  in  those 
larger  than  2  '  n  they  are  variable.  The  reason  for  this  is  that 
the  i  '  n  bar  cools  so  quickly  that  it  shows  the  natural  physical 
character  of  the  iron,  but  in  all  larger  sizes  the  slower  cooling 
brings  out  the  influence  of  local  conditions. 
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The  small  variation  in  the  records  of  1"  □  and  1"  x  2"  bars 
also  shows  that  for  castings  about  1 '  thick,  variations  of  1  per 
cent,  of  silicon  in  the  mixture  do  not  make  much  difference  in 
the  strength  of  the  casting,  and  this  accounts  for  the  success  of 
the  average  founder. 

What  we  have  shown  will  explain  why  these  sizes  of  test  bar 
have  been  used  almost  universally,  and  why  so  little  satisfaction 
has  been  found  in  the  records  of  such  test  bars.  The  idea  was, 
a  test  bar  as  near  as  possible  to  the  average  thickness  of  cast- 
ings made  in  ordinary  foundries,  and  a  test  bar  that  would  give 
the  most  uniform  results.  This  was  because  the  nature  of  cast 
iron  has  not  been  understood.  The  strongest  iron  is  that  which 
contains  the  amount  of  silicon  necessary  to  remove  brittleness  in 
the  individual  size  of  casting,  and  to  produce  the  closest  pos- 
sible grain. 

Methods  for  Producing  the  Strongest  Castings. — This 
resolves  itself  into  methods  for  producing  a  close  grain  free 
from  brittleness. 

! .  Using  a  Low  Silicon  Iron  for  Large  Castings. — In  Charts  I., 
IV.,  and  V.  the  lowest  silicon  iron  shows  the  least  strength  in 
the  \"  u  test  bar,  on  account  of  brittleness,  but  slow  cooling 
opens  the  grain  in  the  larger  castings  enough  to  turn  the  iron 
gray,  and  to  remove  brittleness.  In  all  the  charts  it  is  seen  that 
tlie  low  silicon  irons  give  the  weakest  h"  n  and  the  strongest 
large  castings  ('except  Series  17,  w^hicli  was  not  melted  in  a 
cuj)ola).  For  a  casting  2"  n  the  silicon  may  vary  anywhere 
between  1  and  \\  per  cent,  and  give  the  greatest  strength. 
Large  castings  made  from  low  silicon  irons  will  tend  to  be  hard. 

2.  Using  Higlier  Silicon  Irons  ivliich  oiaturaUy  have  a  Close  Grain. 
— By  this  method  the  higher  silicon  makes  the  casting  soft,  and 
a  pig  iron  or  scrap  which  has  a  close  grain  will  retain  such 
chweness  in  the  casting  Southern  irons  have  generally  closer 
grain  than  Northern  iron,  and  charcoal  iron  generally  has  a 
doner  grain  than  coke  iron.  Southern  foundry  forge,  or  No.  ?> 
foundry,  or  Nos.  1  and  2  soft,  are  all  close-grained  irons,  but 
with  enough  silicon  to  make  very  soft  castings.  In  Charts  I. 
and  rV'.,  S^irios  14,  13,  and  15  are  records  of  mixtures  of  all 
Southeni  iron  of  Nos.  2  and  3  foundry,  and  1  and  2  soft.  The 
M.  8.  Co.  curve  in  Cliart  V.  is  the  Series  15  of  Charts  I.  and  IV. 
Theftft  irons  are  not  generally  expected  to  make  strong  cast- 
iDg.s,  because  of  the  fact  that   they  have  silicon  higher  than  is 
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generally  found  in  heavy  castings,  and  because  of  the  opinion 
that  silicon  weakens  large  castings.  In  this  mixture  which  pro- 
duced this  series  the  silicon  is  3^  per  cent.,  and  the  strength  in 
the  i  "  n  bar  is  above  400  pounds,  which  is  above  the  average. 
Slow  cooling  does  not  open  the  grain  as  rapidly  as  it  did  with 
the  3 2  per  cent.  "  Iroquois  "  series,  and  in  the  4  '  □  bar  it  gives 
the  same  strength  as  the  1  per  cent.  *'  Iroquois."  This  special 
mixture  makes  stronger  castings  for  all  intermediate  sizes. 

In  this  case  we  have  the  stove-plate  iron  stronger  for  all  sizes, 
but  simply  because  the  grain  is  kept  close.  This  kind  of 
strength  costs  nothing.  Scrap  iron  and  close-grained  pig  iron 
cost  less  than  open-grained  pig  iron. 

The  first  method,  of  using  low  silicon  pig  iron,  is  in  most  com- 
mon use,  and  the  latter  method  requires  the  knowledge  that  a 
closing  of  the  grain  produces  strength,  and  also  that  a  pig  iron 
with  a  close  grain  will  make  a  close-grained  casting.  If  the 
founder  has  learned  this,  he  is  on  tbe  right  track.  In  the  iron 
"  M.  S.  Co.'"  with  Si  3.50  of  Chart  V.,  the  individual  irons 
comprising  the  mixture  have  nothing  to  do  with  the  strength. 
Any  other  brands  would  be  as  good  if  they  produced  the  same 
grain.  When  the  principle  of  keeping  the  grain  uniform  and 
close,  and  the  iron  soft,  has  been  learned,  pig  iron  from  almost 
any  furnace  can  be  found  with  a  suitable  grain.  The  mixture 
that  produces  the  strongest  ^"  □  bar  with  the  closest  grain  will 
also  show  greatest  strength  in  a  casting  4  "  n  if  the  grain  is 
kept  close. 

3.  Poicdered  ferro-manganese  is  often  thrown  into  a  ladle  to 
cause  a  fine  granular  structure. 

4.  Wrouglit-iron  horings  or  chips  put  in  the  cupola  along  with 
the  pig-iron  will  cause  the  grain  to  be  close,  and  in  this  way 
add  strength. 

A  rod  of  wrought  iron  is  sometimes  held  in  the  spout  of  the 
cupola,  so  that  the  end  may  melt  off  and  mix  with  the  metal. 
An  old  file  is  sometimes  melted  in  a  ladle  for  the  same  purpose. 

5.  Cast-iron  chips  or  turnings  are  sometimes  placed  in  wooden 
boxes  with  the  covers  nailed  on  and  charged  along  with  the  pig- 
iron,  to  cause  an  even  and  close  granular  structure  in  the  cast- 
ing. The  series  from  Messrs.  Bement,  Miles  &  Co.  is  an  example 
of  this  method. 

The  most  profitable  line  for  experiment  is  to  find  cheap  prac- 
tical methods  for  closing  the  grain. 
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The  irriiins  should  be  of  uniform  sizes  aud  of  the  smallest  pos- 
sible dimeiisious. 

Such  metal  will  not  produce  spongy  cavities  or  slirink-boles 
lit  enlarged  parts  of  a  casting,  and  there  will  be  very  little 
uneven  tension  in  different  parts  of  such  a  casting. 

If  the  grain  could  be  closed  still  more,  we  should  finally 
obtain  the  result  marked  Imaginary  Casting  in  Chart  V.;  aud  if 
the  nature  of  the  metal  could  be  so  changed  that  slow  cooling 
wouM  not  open  the  grain  at  all,  but  leave  it  the  same  as  in  the 
i  bar,  the  diagram  would  be  a  horizontal  line,  and  then,  and 
oulv  tlien,  strength  would  vary  as  the  square  of  the  height,  and 
as  the  breadth,  and  inversely  as  the  length,  which  would  be 
perfection,  but  which  can  never  be  reached  in  foundry  practice. 
To  Test  the  Strength  of  Cast  Iron. — The  examination  of 
the  tests  shown  in  the  charts  show  that  the  ^"o  test  bar  indi- 
cates the  natural  strength  of  the  iron,  not  influenced  by  slow 
coolins,  and  that  a  test  of  a  4"n  bar  from  the  same  mixture  of 
iron,  poured  at  the  same  time  as  the  i"n  bar,  would  show  the 
character  of  the  grain  under  the  influence  of  slow  cooling.  Low 
silicon  would  give  a  weak  !"□  bar  and  a  strong  4"n  bar,  and 
higher  silicon  would  strengthen  the  V'o  bar  and  weaken  the 
4  z  bar.  If  any  of  the  methods  for  closing  the  grain  had  been 
used,  it  would  be  certain  that  the  strength  of  large  castings 
would  be  increased,  but  to  how  great  an  extent  could  only  be 
learned  by  an  actual  test  of  a  4"n  test  bar.  This  latter  is  very 
inconvenient  in  the  foundry,  and  requires  a  large  and  expensive 
testing  machine. 

The  test  of  V'n  bars  is  necessary  to  show  the  silicon  and 
Hlirinkage  in  the  castings  of  different  sizes,  and  to  give  the 
natural  strength  of  the  iron. 

I  hope,  before  the  December  meeting,  to  perfect  a  method  for 
obtaining  tlie  relative  strengtli  of  a  test  bar  4  "□,  which  can  be 
tested  as  readily  as  a  \"  □  Ijar,  but  the  experiments  are  not 
Hufficiently  advanced  at  this  time  to  be  described.  Perhaps 
noma  other  member  of  tlie  Society  may  invent  a  method  of 
making  r'3  t*st  bars,  having  the  same  grain  and  the  propor- 
tionate* strength  of  a  bar  4  ^^  poured  from  the  same  ladle  from 
which  the  ordinary  f  □  bars  are  cast.  If  a  method  is  found 
for  doing  this  the  following  would  be  possible : 

Tif  make  a  Htreru/fh  chart  make  three  or  four  !"n   bars  in   an 
ordinarj'  green  sand  mould,  and  an  e({ual  number  of  f  □  bars 
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with  the  grain  of  a  4"n  bar  from  the  same  mixture.  Take  a 
standard  sheet  of  cross-section  paper,  such  as  I  have  used  in 
this  paper.  Plot  the  average  strength  of  the  rapidly  cooled 
i"  bars  on  the  ordinate  of  the  ratio  .12,  and  on  the  ordinate 
of  the  ratio  1.00  plot  the  average  record  of  the  .^  '  =  bars  which 
represent  the  strength  of  a  4"n  bar.  Join  these  points  by  a 
curve,  and  it  will  represent  the  relative  strength  of  all  sizes  of 
castings  from  this  iron,  and  could  be  adopted  as  a  standard.  The 
curve  1  per  cent.  Iroquois,  Chart  V.,  might  be  the  one  selected. 
To  find  the  strength  of  a  J"n  bar,  f/om  this  curve,  ivhich  icould 
represent  the  strength  of  any  size  of  casting  from  this  mixture  (f 
iron,  divide  the  solid  contents  of  the  casting  in  cubic  inches  by 
the  square  inches  of  cooling  surface  to  find  the  ratio  of  cooling. 
Find  the  ordinate  which  represents  this  ratio,  and  locate  the 
point  where  such  ordinate  crosses  the  curve,  and  follow  horizon- 
tallv  an  abscissa  to  find  the  strength  marked  at  the  side  of  the 
chart.  This  will  be  as  near  an  approximation  as  can  be  ob- 
tained by  an  actual  test  of  a  test  bar  of  any  given  size. 

TABLE    III. 


5 

02 

Nominal 

Silicon. 

Per  Cent 

.  of  Silicon. 

> 

X"D 

l"a 

l"s2" 

2"o 

3"D 

4"n 

< 

Iroquois 

1 

2 
3 
4 
5 
6 

p.  c. 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 

.83 
1.09 
1.73 
2.13 
2.42 
2.74 

.79 
1.14 
1.73 
1.69 
2.65 
2.69 

.78 
1.70 
1.70 
1.60 
2.40 
2.70 

.82 
1.38 
1.50 
1.80 

3.;;6 

2.62 

.72 
1.10 
2.17 
2.17 
3.67 
4.30 

.88 
.88 
2.50 
2.07 
4.67 
3.22 

.81 

1.20 
1.88 
2.01 
3.19 
3.04 

Hinkle 

7 
8 
9 

10 
11 
12 

1.00 
1.50 
2.00 
2.50 
3.00 
3.50 

.91 

1.16 

.93 

2.84 
3.56 

2.77 

.93 
1.29 
1.40 
2.55 
2.75 
3  75 

.86 
1.10 
1.05 
2.70 
2.97 
3.41 

.90 
1.22 
1.00 
2.00 
2.49 
2.91 

.85 
1.25 
2.15 
1.75 
2.64 
2  89 

1.12 
1  03 
3  50 
1.57 
2.84 
2.95 

.93 

1.17 
1  67 
2.23 
2.71 
3.05 

Soutliern   

14     

13    i 

15  : 

1 

2.70 
3.13 
3.29 

2.80 
3.22 
3.50 

2.81 
3.17 
3.52 

2.79 
3.19 
3.48 

2.94 
3.20 
3.75 

2.81 
3.15 
3.42 

2.81 

3.18 
3.51 

C.  G.  Brettiug  &  Co. 
Micli   Alal   Iron  Co. 

16 

17 
18 
19 

1.90 

.81 
2.29 

.87 

1.86 

1.68 

1.61 
.67 

1.82 
.81 

1.83 
.86 

2.06 
.68 

1.70 
1.24 

1.88 
.73 

Bement,  Miles  &  Co. 
A-  Whitney  &  Son?^ 

2.09 

.72 

2.24 

.78 
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Strength  as  Influenced  by  Chemical  Composition. — Silicon  is 
the  controlliiiij:  element,  and  its  influence  has  been  fully  explained 
in  the  foregoing  pages.  Table  III.  shows  the  percentage  of 
silicon  in  each  size  of  test  bar. 


TABLE   IV. 


Iroquois 


Hinkle. 


9 
10 

11 
12 


Southern 


r.  G.  BrettiDg&Co.  16 

Mich.  Mai.  Iron  Co.  17 

B«-nient.Miles&  Co.  18 

A.  Whiinev  &  Sons  19 


X"o 


1.46 
.70 

.48' 

45 

.35 

.37 


1.24 
.67 
.53 
.29 
.32 
.27 


14 

.26 

13 

.11 

15 

.10 

.49 

2.85 

.45 

2.95 


Per  Cent,  of  Combined  Carbon. 


1"d 

1"  x2" 

2"D 

3"n 

1.25 

1.05 

.80 

.70 

.54 

.59 

.56 

.54 

45 

.42 

.37 

.34 

.48 

.43 

.30 

.11 

.16 

.20 

.11 

.10 

.38 

.30 

.15 

.11 

i       .88 

.72 

.53 

.52 

i       .44 

.50 

.49 

.46 

.    .42 

.50 

.46 

.15 

I       .36 

.43 

.37 

.44 

.12 

.09 

.09 

.08 

i       .09 

1 

.09 

.09 

.09 

.15 

.14 

.09 

.09 

.10 

.09 

.08 

.07 

.09 

.09 

.09 

.11 

1 

.78 

.73 

.49 

.58 

2.78 
.24 

1.20 
.12 

'       .52 

.50 

.99 

.81 

.81 

.87 

4"  3 

.70 
.60 
.13 
.50 
.10 
.08 


.46 
.42 
.11 
.45 
.08 
.09 


.08 
.07 

.08 


.44 

1.20 
.11 
.89 


ComJnned  Carlton.— Tii\A(i  IV.  gives  the  percentage  of  this  ele- 
ment in  each  pair  of  test  bars  tested  transversely.  It  must  have 
been  uniformly  diffused  in  the  molten  metal  to  have  produced 
sucli  a  uniform  variation  in  the  test  bars. 

It  iH  the  universal  opinion  that  strength  is  mainly  due  to  the 
combined  carbon  whicli  the  casting  contains,  and  that  weakness 
IH  cau.sf-d  l)y  changing  it  into  graphite,  which  mechanically  sep- 
ar«L..  n.f.  frrains.  I  have  accepted  this  opinion,  and  have  given 
exj  .11  to  it  in  former  papers.     This  opinion  originated  with 

the  makers  of  heavy  castings,  who  invariably  used  irons  with 
high  combined  carbon,  which  is  always  an  accompaniment  of 
low  silicon,  to  produce  a  close   grain,  and  great  strength  in  a 
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large  casting.  For  example,  an  8-ton  anvil  block  was  made  from 
white  pig  iron  which  contained  about  i  oi  1  per  cent,  of  silicon, 
and  the  carbon  was  nearly  all  combined.  This  made  a  very 
strong,  fine-grained,  gray  casting.  In  Charts  I.  and  IV.,  Series  17 
made  white  castings  in  the  |"d,  l"n,  and  1"  x  2  '  test  bars,  but  the 
2  c,  8  "□,  and  4z"o  bars  were  very  close-grained  gray  castings,  and 
of  extraordinary  strength.  In  the  same  charts,  and  in  Chart  V., 
the  1  per  cent.  "  Iroquois,'"  with  combined  carbon  1.46  percent,  in 
the  i"n  bar,  produced  a  stronger  4  □  bar  than  any  other  of  the 
six  '*  Iroquois  '  mixtures,  which  contained  less  combined  carbon. 
Viewing  the  subject  of  strength  and  of  combined  carbon  in  the 
light  of  chemical  analyses,  no  other  conclusion  could  be  drawn. 
But  if  the  whole  nineteen  series  of  test  bars  are  examined,  we 
shall  see  that  combined  carbon  weakens  castings,  and  never 
strengthens  them. 

We  shall  proceed  to  prove,  from  these  same  series  from  which 
we  have  shown  how  the  accepted  opinion  was  obtained,  that  the 
decrease  in  strength  of  large  castings  is  wholly  due  to  loosely 
united  crystals,  and  not  to  any  change  in  the  proportion  of  com- 
bined or  graphitic  carbon. 

Combined  Carbon  Weakens  Cast  Iron. — In  each  of  the  charts  we 
see  that  in  the  ^'  c  test  bars,  with  each  increase  in  silicon  the 
combined  carbon  is  decreased,  and  that  the  strength  is  increased 
in  the  same  proportion.  In  the  ^  c  test-bars  of  Series  1  and  7, 
containing  about  1  per  cent,  of  silicon,  the  combined  carbon  was 
about  1.50  per  cent.,  and  the  iron  was  weak  because  it  was  brittle. 
As  combined  carbon  decreased  in  the  -l  "□  bars  with  each  addi- 
tion of  silicon  the  brittleness  decreased.  This  is  shown  strik- 
ingly in  Series  14,  13,  and  15.  The  ^>"n  bars  show  the  natural 
strength  of  the  iron. 

Combined  carbon  may  decrease  as  castings  arelarger,  but  the  strength 
always  decreases.  This  decrease  of  combined  carbon  and  of  strength- 
are  hath  caused  by  the  sloio  cooling,  and  the  decrease  of  combined  car- 
bon has  nothing  to  do  ivith  the  decrease  of  strength. 

One  per  cent.  "  Iroquois,"  Series  1,  had  1.46  per  cent,  of  c"^.  c. 
in  the  7'  n  bar,  which  was  about  one-half  white,  and  c'^.  c. 
decreased  in  the  other  sizes  to  1.25,  1.05,  0.80,  0.76,  and  0.70. 
In  this  case  strength  decreased  exactly  as  c^.  c.  decreased 
(silicon  and  other  chemical  elements  were  practically  uniform  in 
each  size\  and  as  a  chemist  would  look  at  it,  it  would  appear 
that  there  could  be  no  other  reason  for  decrease  in  strength  than 
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tlie  decrease  in  combined  carbon,  for  this  is  the  only  cliemical 

variable. 

The  fact  is,  however,  the  lessening  of  the  combined  carbon 
made  the  l"n  test  bar  gray,  and  each  successive  decrease  of 
c**.  c.  darkened  the  color  and  made  the  casting  more  ductile  ;  in 
other  words,  slow  cooling  has  done  for  the  larger  sizes  of  test 
bars  of  the  series  just  what  the  increases  in  silicon  did  fbr 
the  i"  ^  bars  of  the  six  series,  and  this  should  therefore 
have  increased  the  strength,  and  it  did.  But  the  increase  in 
the  looseness  of  the  grains  on  account  of  the  slow  cooling  de- 
creased the  strength  more  rapidly  than  this  increase  of  strength. 
"V\'hatever  the  decrease  in  strength  on  account  of  loose  crystalli- 
zation was,  it  was  lessened  in  Series  1  and  7  by  the  increase  in 
strength  due  to  the  decrease  in  combined  carbon,  with  the  result 
that  the  larger  bars  were  stronger  than  any  others  of  the  six  series. 

A  further  proof  is  found  in  the  various  series  in  which  com- 
bined carbon  is  the  same  in  each  size  of  test  bar ;  for  example. 
Series  IG,  Charts  11.  and  III.,  which  was  from  a  foundry  mixture, 
in  which  the  grain  was  closed  by  using  No.  1  charcoal  iron, 
"  Hinkle,"  for  softness,  and  good  small  machinery  scrap  to  close 
the  grain ;  c*^.  c.  remained  the  same  in  all  sizes  of  test  bars,  but 
the  decrease  in  strength  follows  the  general  law. 

Another  example  proving  the  same  thing  is  Series  2,  "Iro- 
quois," in  Charts  I.  and  lY.  The  silicon  has  been  increased 
about  .20  of  1  per  cent.,  and  in  all  but  the  2  '  □  bars  the  com- 
bined carbon  is  uniform  at  about  .54  per  cent.,  but  slow  cooling 
decrea.se8  strength  in  the  large  test  bars,  exactly  the  same  as  in 
Series  1.  The  increase  in  silicon  has,  in  the  J  '  n  bar,  taken  out 
brittleness,  by  diminishing  combined  carbon,  and  has  thereby 
incroafted  the  strength  45  pounds.  This  increase  in  silicon 
causes  the  grain  to  become  coarse,  in  the  larger  bars,  more 
rajiidly  than  in  Series  1.  The  large  bars  grow  weak  faster  in 
Series  2  than  in  Series  1,  in  spite  of  the  combined  carbon  not 
decreasing  in  the  larger  bars.  In  Series  15,  Charts  I.,  IV.,  and 
v.,  the  4"  D  bar  begins  with  0.10  of  1  per  cent,  combined  carbon, 
and  there  is  not  enough  decrease  in  this  element,  in  the  larger 
bars,  to  make  any  difff3rence  in  any  respect,  but  slow  cooling 
cjiUHfiH  the  same  ])roportioiial  weakening  of  the  larger  bars.  The 
closest  examination  of  each  series  shows  how,  from  a  chemical 
view,  the  opinion  originated,  that  combined  carbon  controlled 
strength ;  but  the  same  close  study  will  not  show  a  single  proof 
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that  it  does  this.  But  we  find  the  most  conclusive  proof  that 
the  existence  of  combined  carbon  has  no  influence,  unless  to 
■weaken  a  casting  by  making  it  brittle. 


TABLE  V. 


M 

Per  Cent,  of  Graphitic  Carbon. 

i"    D 

1"  a 

l"x2" 

2"  a 

3"  a 

4"    D 

Iroquois 

1 

2 
3 
4 
5 
6 

2.36 
3.20 
3.21 
3.10 
3.19 
3.01 

2.60 
3.32 
3.28 
3.24 
3.40 
3.08 

2.83 
3.24 
3.32 
3.27 
3.34 
3.08 

3.08 
3.33 
3.40 
3.41 
3.47 
3.24 

3.05 
3.32 
3.36 
3.60 

3.38 
3.19 

3  13 

3.31 
3.55 
3.25 
3.42 
3.23 

Hinkle 

7 

8 

9 

10 

11 

12 

2.78 
3.17 
3.28 
2.91 
3.00 
3.07 

3.13 
3.44 
3.47 

2.87 
3.22 
3.28 

3.29 
3.33 
3.36 
2.86 
3.22 
3.24 

3.42 
3.29 
3.46 
2.84 
3.25 
3.26 

3.48 
3.37 
3.67 
2.80 
3.28 
3.28 

3.55 

3.42 
3.72 
2.82 
3.23 
3.22 

Southern 

14 
13 

15 

2.89 
3.03 
3.03 

8.08 
3.06 
3.01 

3.13 
3.07 
3.07 

3.18 
3.07 
3.06 

3.14 
3.04 
3.03 

3.22 
1.90 
3.11 
3.02 

3.20 

3.08 
3.11 

C.  G.Bretting&Co. 
Mich.  Mai.  Iron  Co. 

16 
17 
18 
19 

3.30 
.26 

2.90 
.79 

3.10 

3.08 

3.32 

.24 

3.06 

3.00 

3.31 
1.86 

Bement  Miles  &  Co. 
A.  Whitney  &Sons 

2.83 
3.86 

2.92 
2.98 

3.20 
2.97 

Graphitic  Carbon. — The  general  opinion  is  that  it  causes  weak- 
ness. The  carbon  in  a  casting,  so  far  as  has  been  proved,  is 
either  combined  or  graphitic.  If  one  decreases  the  other  must 
increase ;  therefore,  if  combined  carbon  produced  strength,  the 
same  facts  that  seemed  to  warrant  this  conclusion  of  the 
chemists  seemed  to  prove  that  graphitic  carbon  produced  w^eak- 
ness.  Again,  in  graphitic  iron  the  grain  was  coarse,  and  the 
flakes  of  graphite  lay  between  the  grains,  and  it  seemed  self- 
evident  that  these  graphitic  flakes  must  of  necessity  separate 
the  grains  of  iron  and  cut  the  casting  up. 

What  are  the  facts?  The  same  proof  that  has  been  produced 
in  the  case  of  combined  carbon,  to  disprove  the  accepted  opin- 
ion, will  apply  regarding  graphitic  carbon,  and  need  not  be 
repeated  here. 
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From  an  examination  of  tliese  series,  strength  or  weakness 
seem  to  be  absolutely  independent  of  this  element.  The  loose- 
ness of  the  grain,  produced  by  slow  cooling,  so  separates  the 
«Trains  that  there  seems  to  be  more  than  enough  room  for  the 
flakes  of  graphite  to  lie  in  the  open  spaces.  It  may  be  even 
doubted  if  the  graphite  ever  gets  between  the  grains  to  make 
their  union  less  perfect.  The  graphitic  scales  seem  to  have 
formed  in  the  spaces  after  the  openings  have  been  formed,  and 
either  act  as  a  cushion,  or  the  scales  lie  loosely  in  the  cavities. 
Tliis  latter  supposition  seems  plausible,  from  the  fact  that  when 
pig  iron,  or  a  casting  as  large  as  a  pig  of  iron,  is  broken,  scales 
of  graphite  fall  out  in  great  a,bundance. 

The  chemist  could,  however,  draw  no  other  conclusion  than 
that  which  has  obtained  general  credence. 

TABLE  VI. 


Iroqaois. 


H  inkle 


7 

8 

9 

10 

11 

12 


Sombern . 


r  O.BrettJnjc&f>>. 

•Mich.  Mill   I  run  fV. 

Be. 

A 


Per  Cent,  of  Total  Carbon. 


i"   D 


3.82 
3.90 
3.69 
3.55 
3.54 
3.38 


02 
84 
81 
20 
3  32 
3.34 


!  14 

3.15  1 

13 

3.14 

15 

3.13  , 

16 

3.79 

i  17 

3.11 

18 

3.35 

19 

3.74  , 

1"  a 

l"x2" 

2"  Q 

1 

3"  a 

3.85 

3.88 

3.88 

3.81 

3.86 

3.83 

3.89 

3.86 

3.73 

3.74 

3.77 

3.70 

3.72 

3.70 

3.77 

3.71 

3.56 

3.54 

3.58 

3.48 

3.46 

3.38 

3.39 

3.30 

4.01 

4.01 

3.95 

4.00 

3.88 

3.83 

3.78 

3.83 

3.89 

3.86 

3.92 

3.82 

3.23 

3.29 

3.21 

3.24 

3.34 

3.31 

3.34 

3.36 

3.37 

3.33 

3.35 

3.37 
3.23 

3.23 

3.27 

3.27 

3.16 

3.10 

3.15 

3.11 

3.10 

3.16 

3.15 

3.15 

3.88 

3.81 

3.81 

3.80 

3.06 
3.30 

3.10 
3.23 

3.35 

3.42 

3.85 

3.79 

3.81 

3.89 

83 
91 
68 
75 
52 
31 


4.01 
3.84 
3.83 
3.27 
3.31 
3.30 


S  PS 


3.845 

3.875 
3.718 
3 .  700 
3.553 
3.370 


4.000 
3.833 
3.855 
3.240 
3.330 
3  343 


3 

28 

3 

235 

3 

15 

3 

145 

3 

19 

3 

146 

3.75  3.806 

3.06  3.085 

3.31  3.326 

3.86  3.823 


Tola/  f'arhm. — The  l)earing  of  total  carbon  on  the  question  of 
Btrengtb  is  very  interesting.  The  series  described  in  this  paper 
do  not  present  enough  data  to  form  any  conclusions.     The  only 
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waj  to  make  comparisons  is  to  compare  series  containing  ex- 
actly the  same  silicon,  and  otherwise  substantially  having  the 
same  chemical  composition.  Then  it  would  take  a  large  number 
of  tests  to  prove  anything,  for  any  influence  that  would  cause  the 
grain  to  be  close  w^ould  increase  strength  independently  of  chem- 
ical composition,  and  vice  versa.  It  is  very  difficult  to  make 
laboratory  experiments  on  carbon  in  cast  iron  and  preserve  uni- 
formity in  the  rest  of  the  composition.  It  will  not  answer  to 
add  wrought  scrap,  for  this  will  not  only  decrease  carbon,  but 
at  the  same  time  the  percentage  of  ey^ry  other  element ;  and  also 
because  such  scrap  will  close  the  grain  and  increase  strength, 
independently  of  the  lessening  of  carbon.  It  is  therefore  im- 
possible to  form  an  opinion  on  this  subject  at  the  present  time. 


TABLE  VII. 


EC 

s 

Per  Cent,  of  Sulphur. 

i"a 

1"D 

l"x2" 

2"d 

3"  a 

.049 

4"D 

Iroquois 

1 

.056 

.054 

.050 

.046 

.041 

2 

.046 

.040 

.040 

.039 

.039 

.039 

3 

.032 

.030 

.030 

.033 

.036 

.030 

4 

.045 

.046 

.047 

.040 

.044 

.044 

5 

.017 

.021 

.027 

.031 

.030 

.030 

6 

.034 

.033 

.034 

.033 

.028 

.028 

Hinkle 

7 
8     ■ 

.029 
.015 

.030 
.011 

.031 
.010 

.033 
.011 

.030 
.010 

.030 

.009 

9 

.015 

.011 

.009 

.010 

.010 

.007 

10 

.021 

.019 

.017 

.019 

.020 

.022 

, 

11 

.030 

.027 

.025 

.030 

.022 

.027 

12 

.031 

.030 

.033 

.026 

.029 

.025 

Soutbern 

14 
13 

.093 
.091 

.096 
.095 

.100 
.091 

.092 
.093 

.094 
.091 

.090 

.090 

15 

.088 

.093 

.088 

.089 

.087 

.089 

C.  G.  Bretting&Co. 

;     16 

.025 

.030 

'     .031 

.029 

.030 

1     .029 

Mich.  Mai.  Iron  Co. 

!     17 

Average,  .OS 

1  per  cer 

t. 

Bement  Miles  &  Co. 

'     18 

.05 

2    "       " 

A.  Whitney  &  Sons 

19 

1 

.10 

1    "       " 

Sulpliur.- — These  nineteen  series  bring  out  many  interesting 
facts  regarding  this  metalloid.  The  universal  opinion  seems  to 
be  that  sulphur  is  a  damage  to  cast  iron.  I  started  to  prove 
from  the  nineteen  series  how  opinions,  as  they  exist,  originated, 


1106 


TRANSVERSE   STRENGTH   OF   CAST   IRON. 


and  have  thus  far  succeeded ;  but  iu  this  case  of  sulphur  we  can 
liiid  uothiug  to  show  a  ground  for  the  origin  of  the  opinion  that 
prevails.  Sulphur  is  not  by  any  means  uniform  in  the  nineteen 
series,  but  there  is  not  the  least  indication  of  evil  result  from  its 
presence  iu  the  series  containing  the  highest  sulphur.  The 
variation  between  the  sulphur  of  Series  5  and  6,  "  Iroquois,"  or 
between  4  and  5,  is  enough  to  influence  grain  or  strength,  if  the 
general  opinion  is  correct,  but  those  with  the  highest  sulphur 
show  the  most  open  grain  and  are  the  softest.  In  "  Hinkle," 
Series  7  and  8,  the  curves  are  parallel,  and  sulphur  does  not 
exert  any  evil  influence.  In  Series  14,  13,  and  15  the  sulphur  is 
about  as  high  as  is  ever  found  in  gray  castings,  and  yet  these 
series  show  both  small  and  large  castings  beyond  reproach.  No 
chill,  no  blow-holes,  very  low  shrinkage,  and  very  high  strength. 
The  high  strength  can  hardly  be  ascribed  to  the  high  sulphur, 
for  strength  does  not  increase  with  any  uniformity  as  sulphur 
increases. 


TABLE  VIII. 


m 

H 

n 

1 
2 
3 
4 
5 
6 

Per  Cent,  of  Phosphorus. 

r  D 

1"  D 

l"x2" 

2"D 

3"  a 

4"j 

Iroquois 

.211 
.273 
.270 
.284 
.333 
.300 

.213 
.269 
.267 
.283 
.331 
.299 

.214 
.270 
.268 
.281 
.330 
.296 

.215 
.271 
.267 

.280 
.327 
.298 

.216 
.272 
.266 
.283 
.325 
.297 

.216 
.270 
.267 
.281 
.329 
.299 

Hinkle 

7 

8 

9 

10 

11 

12 

14 
13 
15 

.201 
.164 
.258 
.211 
.264 
.301 

.199 
.161 
.260 
.218 
.275 
.296 

.197 
.163 
.253 
.218 
.275 
.295 

.199 
.163 
.251 
.220 
.300 
.300 

.198 
.160 
.250 
.222 
.255 
.299 

.200 
.161 
.261 
.219 
.283 
.303 

Soothern 

.809 
.826 
.980 

.801 
.828 
.975 

.795 
.830 
.972 

.800 
.817 
.972 

.804 
.830 
.971 

.797 

.825 
.97:5 

t           '   '         ••           ;    -  •           ,     '       r 

16 

.309 

.3:50 

.327 

.325 

.328 

.330 

17 
18 
19 


Average,  .222  per  cent. 
.342    "       " 
.853    " 
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TABLE   IX. 


02 

Per  Cent,  of  Manganese. 

i"a 

1"    D 

l"x2" 

2"  a 

3"  a 

4"  D 

Iroquois 

1 

2 
3 
4 
5 
6 

.35 
.31 
.50 
.35 
.36 
.43 

.36 

.30 
.51 
.30 
.39 
.45 

.37 
.30 
.49 
.32 

.38 
.41 

.35 

.31 
.46 
.33 
.37 
.40 

.34 

.30 
.51 
.34 
.37 
.44 

36 

.32 
.48 
.35 
.38 
.43 

Hinkle 

< 

8 
9 

10 
11 

12 

.47 
.37 

.48 
.63 

.58 
.59 

.44 
.34 
.47 

.71 

.74 
.56 

.46 
.37 

.44 
.43 

.71 
.53 

.47 
.36 
.49 
.43 

.58 
.56 

.45 
.35 
.47 
.47 
.64 
.54 

48 

.37 
.51 
.44 
.54 
.61 

Southern 

14  .59 
13           .43 

15  .50 

.60 

.48 
.49 

.62 
.43 
.50 

.60 
.47 
.50 

.59 
.40 
.49 

.04 
.41 
.51 

€.G.  Bretting&Co. 
Mich.  Mai.  Iron  Co. 
Bement.Miles&Co. 
A.  Whitney  &  Sons. 

16 
17 

18 
19 

.57 

.38 
A\ 

.37 
re  rage,  .o 
.3 
.3 

.38 
63  per  cei 
54    '•' 
50    '• 

.36 

Qt. 

i 

.38 

Tables  YIII.  and  IX.  give  the  percentages  of  pliosphorus  and 
manganese  in  each  bar  of  each  series,  but  the  variation  is  too 
small  to  allow  of  an  opinion  regarding  these  metalloids. 

These  results  of  chemical  determinations  are  given  in  this 
paper  to  show  the  composition  of  the  castings.  The  question  of 
chemical  analysis  and  its  bearing  on  mixtures  of  cast  iron  will 
be  treated  by  Mr.  Dickman  in  the  committee's  report. 

The  question  of  tensile  strength  and  of  the  use  of  test  bars  of 
other  shapes  will  also  be  treated  by  members  of  the  committee 
most  competent  to  handle  these  subjects. 

The  presentation  of  the  foregoing  paper  on  transverse  strength, 
before  the  committee  are  ready  for  a  final  report,  is  for  the  pur- 
pose of  giving  a  more  correct  knowledge  of  cast  iron. 


DISCUSSION. 


Prof.  J.  B.  Johnson. — The  author  has  given  us  some  very 
remarkable  results  liere,  especially  as  showing  the  influence  of 
silicon,  and  he  seems  to  prove  the  proposition.     Now,  T  wish  to 
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question  the  correctness  of  his  logic.  He  says,  very  decidedly, 
that  these  tests  show  that  the  ultimate  strength  of  cast  iron  does 
not  at  all  follow  the  law  of  the  ordinar}^  formula,  as  being  pro- 
ix)rtioned  to  the  square  of  the  depth,  directly  as  the  width  and 
invei-selv  as  the  length.  Well,  that,  of  course,  w^e  know.  Kow, 
when  he  has  granted  that,  the  very  foundation  of  his  argument 
has  dropped  from  under  it,  because  all  of  these  strengths,  on  bars, 
from  one-half  inch  square  up  to  four  inches  square,  have  been 
I'cduced  to  equivalent  strengths  at  one-half  inch  square  by  these 
siime  fornuike  which  he  says  cannot  be  credited.  How  does  he 
get  the  equivalent  strength  of  a  half-inch  cross-section  from  a  one 
inch,  one  by  two  inch,  three  inches  square,  or  four  inches  square 
cross-section  i  How  does  he  find  the  equivalent  strength  of  a  half- 
inch  cross-section  from  these  larger  tests,  except  by  using  the 
ordinary  formula  ?  He  does  not  say  that  he  has  used  it,  but  I 
take  it  that  he  has  used  the  ordinary  formula. 

21/:  Keep. — The  ordinary  formula?     Yes,  sir. 

Professor  Johnson. — Xow,  if  there  be  anything  in  the  composi- 
tion which  causes  the  ordinary  formula  to  be  more  correct  in  one 
size  than  it  is  in  another  size — as,  for  instance,  the  introduction  of 
silicon — if  that  causes  the  discrepancy,  whatever  it  be,  we  have  a 
further  error  introduced  by  applying  an  erroneous  formula;  if  that 
efTj'ct  be  different  for  large  sizes  from  what  it  is  for  small  sizes,  then 
we  may  trace  all  of  these  results,  perhaps,  directly  to  the  erroneous 
formula  used  in  his  deductions.  I  have  had  some  experience  in 
studying  the  effect  of  silicon  on  cast  iron,  and  1  have  always  found 
(my  tests  were  made  in  tension,  Avith  an  instrument  for  measuring 
the  elongation  or  stretch  with  a  very  delicate  apparatus)  that  a  sili- 
con iron  is  much  more  ductile,  or  it  stretches  very  much  more  than 
an  iron  which  is  low  in  silicon.     Very  well.     Now,  what  causes  the 

error  in  the   formula  /"=- -rri-,  where  /*=  the  so-called  tensile 

stress  on  the  outer  fibres,  W  =\odA  at  centre,  ^  =  length, 
^  =  breadth,  and  A  =  height  of  specimen?  Please  understand 
that  in  all  of  these  tables  he  has  given  us,  where  he  has  reduced 
U)  wjuivalent  strength  of  half-inch  specimens,  he  might  just  as 
Wftll  have  given  us  the  modulus  of  lupture  per  square  inch,  y,  in 
every  f:a.sf3.  .so  that  wc;  might  think  of  all  these  values  as  being  the 
old  familiar  mrxlulus  of  rupture,  which  we  know  is  from  36,000 
Uy  40,000  pounds  in  cast  iron  which  has  a  tensile  strength  of  20,000 
pounds.     What  we  call  tensile  strenj^th  on  the  extreme  fibre  is 
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really  about  twice  the  actual  tensile  strength,  so  that  the  error  is 
enormous.  IS'ow,  what  causes  that  discrepancy  betw^een  theory 
and  practice  ?  If  the  material  were  perfectly  elastic  up  to  rupture 
there  would  be  no  discrepancy.  That,  I  think,  scientific  men  are 
perfectly  agreed  upon.  That  is,  the  formula -is  true  inside  the 
elastic  limit,  and  if  the  elastic  limit  were  the  rupturing  limit,  then 
it  would  be  true  up  to  rupture.  Now,  since  the  formula  fails 
because  the  material  is  not  perfectly  elastic,  and  because  a  tensile 
strain  diagram  is  a  curved  instead  of  being  a  straight  line  to 
rupture,  it  is  evident  the  more  ductile  the  cast  iron  the  more  the 
error  in  applying  the  formula  ;  that  is,  a  kind  of  iron  which  is 
more  plastic  and  gives  a  greater  development  of  the  horizontal 
part  of  the  curve  is  the  iron  which  will  show  the  greatest  error  on 
applying  the  ordinary  formula  to  it  at  rupture.  Now,  the  highly 
silicated  iron  develops  a  much  longer  horizontal  component  of  the 
curve  than  an  iron  low  in  silicon.  Then  that  is  the  very  iron 
wiiich,  if  the  ordinary  formula  is  applied  to  it  at  rupture,  will  give 
the  greatest  error — that  is,  it  will  develop  the  greatest  strength 
of  the  extreme  fibre.  If,  therefore,  the  formula  of  reduction 
involves  a  greater  error  for  highly  silicated  iron  than  for  low  sili- 
cated iron,  then  ma3^not  this  wonderful  difference  in  the  apparent 
transverse  strength  of  cast  iron  varying  so  much  in  silicon  be 
largelv  due  to  the  varying  error  introduced  by  the  application  of 
the  formula  ?  I  am  afraid  it  is  probable  that  that  is  so,  and  there- 
fore I  am  not  willing  to  accept  a  transverse  test  of  cast  iron  as 
any  evidence  of  the  true  tensile  strength  of  the  iron.  The  so-called 
transverse  strength  of  cast  iron  has  no  existence  in  fact.  What 
we  figure  out  as  30,000  and  40,000  pounds  to  the  square  inch 
stress  on  the  extreme  fibre  is  a  fiction.  There  is  no  such  thino-  in 
fact.  There  is  no  tensile  strain  of  40,000  pounds  to  the  square 
inch  anywhere  in  the  bar,  and,  therefore,  it  is  a  mere  convention- 
ality. Now,  the  only  way,  it  seems  to  me,  to  determine  what 
effect  either  molecular  change,  crystallization,  or  chemical  change 
has  to  do  with  the  real  strength  of  the  iron,  is,  in  my  opinion,  to 
make  tensile  tests  of  varying  sizes.  I  think  we  can.  and  that  it 
ought  to  be  done ;  and  this  committee  would  do  well  to  take  up 
that  subject,  and  if  this  method  of  making  tests  produces  the  same 
thing",  then  I  would  ao-ree  that  the  result  is  whollv  due  to  the 
composition  and  the  crystalline  form,  or  something  of  that  sort. 

Mr.  J.  L.  Goheille. — I  would  like  to  ask  wliat  we  care  about 
the  tensile  strength  of  cast  iron.     What  do  we  use  it  for  ? 
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Profissor  Johnson. — T  will  answer  that.  In  studying  the  effects 
of  the  chemical  composition  on  strength,  we  must  use  tensile 
streniTth  because  the  tensile  strength  is  the  only  strength  it  has 
which  concerns  us.  Compressive  strength  is,  of  course,  far  beyond 
what  we  need.  It  is  the  tensile  strength  which  gives  us  the  cross- 
breakino-  strength.  But  we  cannot  determine  the  actual  tensile 
strentT'th  bv  the  cross-breakino^  test,  and  we  want  to  eliminate 
these  errors,  which  necessarily  creep  in  from  a  variation  in  size  in 
the  cross-l)reaking  specimens,  if  possible. 

Prof.  B.  C.  Carpenter. — This  matter  strikes  me  in  a  very 
different  way  from  what  it  does  Professor  Johnson.  It  does  not 
seem  to  me  that  it  makes  any  great  difference  to  us  what  the 
theory  regarding  the  breaking  of  cast  iron  may  be.  The  desired 
thing  with  us  at  present  is  to  have  a  theory  w^hich  will  agree 
practically  with  our  results.  A  rational  theory  can  be  produced 
when  sufficient  data  are  collected.  It  does  not  seem  to  me  that 
the  tensile  strength  of  cast  iron  is  of  very  much  importance  in 
practical  application.  If  it  were  important  it  would  be  a  difficult 
thing  to  determine  it  accurately  in  a  testing  machine,  because  of 
the  brittleness  of  the  iron.  It  is  difficult  to  hold  specimens  in  a 
testing  machine  so  that  they  can  be  broken  fairly  and  truly ;  but 
even  if  we  had  such  results,  I  do  not  know  where,  in  practice,  they 
would  be  of  very  much  value  to  us.  Now  it  is  certainly  true  that 
tlie  coefficient  which  we  get  for  transverse  strength  is  not  the 
sjime  as  the  coefficient  for  tensile  strength,  and  we  could  look  for 
no  agreement,  since  the  coefficiencies  of  transverse  strength  are 
applicable  only  to  highly  elastic  bodies  and  to  those  in  which  the 
neutral  axis  occupies  an  assigned  position.  It  seems  to  me  we 
might  as  well  base  our  work  on  transverse  as  on  tensile  strength, 
and  let  the  theory  go  until  it  can  be  made  to  adjust  the  difference 
]x>inted  out  by  Professor  Johnson.  Mr.  Keep's  work  will,  in  my 
opinion,  do  much  to  throw  light  on  this  matter. 

FroftiHHijr  JohiHon. — I  claim  that  we  shall.  We  shall  come 
nearer  to  the  real  tensile  strength  for  brittle  than  for  tough  or 
ductile  cji«t  iron,  ^'ou  may  liave  two  kinds  of  iron,  both  having 
a  tensile  strcingth  of  20,00^)  pounds  ;  one,  being  brittle,  will  have  a 
crrms-broaking  strength  (jf  30,000  pounds;  another,  being  tough 
and  <hu-tilo.  will  have  a  cross-breaking  strength  of  40,000  or 
4.i,rK')0  pound.s.  So  that  this  introduction  of  silicon,  which  pro- 
duw.»ft  this  change,  also  causes  the  wide  difference  in  relationship 
between  the  tensile  strength  and  the  cross-breaking  strength,  and. 
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therefore,  may  produce  the  very  results  which  the  author  has 
credited  wholly  to  another  cause. 

Mr.  Gus.  C.  Henning. — I  would  like  to  say  that  the  committee 
has  been  very  careful  to  observe  the  elastic  behavior  of  these  bars 
just  as  well  as  the  ultimate  strength ;  that  the  committee  is  not 
concerned  with  the  strength  of  cast  iron  ;  that  the  committee  is 
mainly  concerned  with  devising  methods  by  which  cast  iron  can 
be  tested.  AYe  have  tension  pieces  which  can  be  tested  as  soon  as 
we  get  to  them.  We  do  not  know  whether  the  transverse  test  or 
the  tension  test  is  right,  but  we  do  know  that  we  have  these 
results.  We  know^  that  the  half-inch  bars  and  all  intermediate 
bars  are  plotted  in  the  same  way  on  the  basis  of  deduction  from 
the  breaking  strength.  Whether  that  is  right  or  wrong  has  noth- 
ing to  do  with  those  bars,  because  the  diagrams  are  all  produced 
in  a  similar  manner.  If  the  method  is  wrong  because  the  formula 
does  not  hold,  that  does  not  necessarily  vitiate  these  curves.  It 
may  vitiate  the  exact  termination  of  the  curves  and  the  points 
between,  but  the  proportionate  changes  will  be  the  same.  So  I 
do  not  care  what  the  results  are.  But  the  committee  thinks  that 
the  general  character  of  the  curve  is  very  indicative  of  certain 
things  that  have  been  observed.  We  have  no  results  as  yet  on 
tensile  tests,  so  I  do  not  think  that  any  one  has  a  right  to  say  that 
^*  he  thinks  he  will  get  better  results,"  when  he  has  not  had  any 
experience  in  that  direction.  We  have  had  experience  with  trans- 
verse tests,  and  if  you  will  only  give  us  time  we  w^ill  find  out 
whether  we  will  have  to  discard  these  or  whether  we  can  go  on 
and  arrive  at  some  results.  These  papers  are  Mr.  Keep's  mono- 
graphs, based  on  work  done  for  the  committee ;  they  are  not  the 
committee's  report ;  and  when  we  get  all  our  figures  together  the 
committee  wnll  say  whether  its  w^ork  is  all  for  nothing  or  whether 
a  new  method  for  making  tests  can  be  suggested.  I  know,  in 
reg-ard  to  the  tension  test,  that  there  is  onlv  one  machine  which 
Avill  give  correct  results.  In  spite  of  the  gx)od  qualities  of  many 
others,  they  cannot  make  correct  tests  unless  a  tower  is  built  above 
them,  and  to  attach  the  test  piece  to  a  long  rod,  so  that  there  is  no 
possible  way  of  producing  a  lateral  strain.  If  that  is  not  done 
you  cannot  test  the  cast  iron  in  tension  and  get  results  worth 
havintr.  But  the  committee  is  o^oino^  to  find  out  whether  all  this 
work  will  lead  to  a  true  judication  of  the  properties  of  cast  iron. 

Professor  Carpenter. — It  seems  to  me  that  the  difference  in 
these  results,  due  to  this  change  of  form,  length,  and  size  of  test 
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s|u'iMnions.  lias  been  very  much  magnified.  I  looked  over  the 
iimiivs  imderlving  the  results  of  this  paper  quite  carefully  at  one 
time  and  I  thought  that  they  ran  as  nearl}^  in  accord  as  one  could 
possibly  expect.  These  figures,  I  see,  do  not  accompany  the 
report  as  published. 

Mr.  J).  L.  Barnes. — I  think  T\^e  are  indebted  to  Professor  John- 
son for  starting  this  very  good  discussion,  and  I  would  like  to  ask 
him  a  question,  that  is,  if  he  has  taken  the  actual  extension 
curve,  and  calculated  the  transverse  breaking  strength  of  the 
s|>ecimen  I  I  have  done  this  for  steel,  and  reached  some  very 
siitisfactory  results.  With  your  permission  I  would  like  to  pre- 
sent a  diagram  showing  what  I  mean.      The  ordinary  formula 


stretch 

Fig.  301. 


assumes  an  extension  curve  like  AC  (Fig.  301),  in  which  the 
extension  is  measured  horizontally  and  the  tensile  resistance  verti- 
cally. The  true  extension  curve,  as  shown  by  Professor  Johnson, 
Ls  .something  like  ABC.  Taking,  now,  a  "specimen,  and  putting  a 
pfiint  of  support  at  each  end  (Fig.  302),  and  applying  the  load 
in  the  centre,  the  formula  assumes  a  stress  on  the  different  fibres 
reprfi8fjnt^»(l  by  the  straight  line  AC.  The  true  stress  on  the 
fibrcis  is  represented  bv  a  line  something]:  like  ABC,  endino:  at  the 
hiime  point  as  the  straight  line.  Now,  by  multiplying  the  stress 
on  these  fibres  by  the  distance  from  the  centre  and  by  the  area 
of  each  point  of  the  section,  we  get  nearer  the  true  calculated 
strength  of  the  sjxicimen.  Now,  in  some  cases  of  steel,  round  and 
»«|uare  sections,  I  find  that  the  strength  shown  by  the  calculation 
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that  1  have  indicated  is  almost  exactly  that  shown  iu  the  testintr 
machine. 

I  would  like  to  ask  Professor  Johnson  if  he  has  made  any  calcu- 
lations of  this  sort  that  check  up  (taking  his  tensile  strengths  as  a 
basis)  with  the  observed  strength  of  cast  iron  under  a  transverse 
test  ? 

Professor  Johnson. — Yes,  sir.  By  taking  both  the  tensile  and 
the  compressive  strain  diagram,  plotting  the  one  on  the  one 
side,  as  Mr.  Barnes  has  done,  and  the  other  on  the  other  side, 
equating  the  two  areas — those  two  areas  must  be  equal — and,  by 
keeping  them  equal,  making  use  of  the  diagrams — the  moment  of 
resistance  is  made  up  of  one  of  these  areas  into  the  distance 
between  the  centres  of  gravity  of  the  two,  and  working  out  the 


. 

1 

• 

> 

A 

Neutral  Axis 

Fig.  302. 


moment  of  resistance  ;  in  that  way  you  can  show  that  the  strength 
of  the  beam  is  just  what  it  proves  to  be ;  so  that  you  can  make 
theorv  and  practice  ag-ree. 

Mr.  Henning. — And  the  formula  hokls  good  at  the  point  of 
fracture,  according  to  that  ? 

Professor  Johnson. — Yes,  sir. 

Mr.  Henning.— Then  it  does  hold  good  ? 

Professor  Johnson. — Xo,  not  the  ordinary  formula:  but  a  for- 
mula which  would  be  adapted  to  these  curves  would  hold  good  at 
the  point  of  fracture. 

2fr.  A.  Sorge. — It  strikes  me  that  an  attempt  is  being  made  to 

introduce  theorizing  into  a  matter  upon  which  gentlemen  who 

have  had  considerable  experience  are  now  working  for  us  on  this 

committee.     AYe  know  that  we  do  not  want  to  use  cast  iron  for  a 

71 
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tensile  iiiember  in  any  case.  We  may  know  that  it  is  amply 
stroiu^  for  a  compression  member.  But  Ave  are  not  always  certain 
of  it  where  we  have  to  use  it  under  transverse  strains ;  and  as  all 
the  testing  work  hitherto,  in  foundries,  has  been  done  with  trans- 
verse tests  on  cast  iron,  it  seems  to  me  that  the  committee  is 
working  in  the  right  direction  in  that  way.  In  case  theory  and 
practice  do  not  harmonize,  I  should  certainly  desire  to  reject 
theorv.  If  we  will  complete  our  theory  after  the  committee  gets 
ihroui'-h  with  its  actual  tests,  instead  of  attempting  to  harmonize 
the  tests  of  steel  with  those  of  cast  iron — steel  being  used  for  ten- 
sile work,  and  cast  iron  for  compression  and  transverse  work — I 
think  we  will  be  working  more  in  the  direction  that  is  actually 
retjuired  in  practice.  As  Mr.  Keep  has  shown  in  his  paper,  for 
the  various  sizes  of  specimens  which  he  has  tested  there  are  varia- 
tions whicli  are  not  directly  explainable  by  our  present  theories. 
As  Mr.  Ilenning  has  suggested,  let  us  give  the  committee  a  chance 
to  tell  us  just  what  they  are  doing,  and  afterwards  we  can  theorize 
on  the  subject. 

If  cast  iron  is  to  be  used  under  tensile  strain,  as,  for  instance,  in 
a  steam-engine  cylinder,  then  we  can  readily  deduce  the  tensile 
strength  from  a  test  of  transverse  strength,  by  reversing  the  ordi- 
nary method  employed  for  determining  the  transverse  strength  of 
a  beam,  when  the  dimensions  and  tensile  strength  are  given. 

As  the  character  of  the  iron  is  different  in  a  four-inch  square 
test  bar  from  that  in  a  one-inch  square  bar,  we  must  take  the  test 
bar  whose  character  most  nearly  conforms  to  that  of  the  casting 
we  are  figuring  on  ;  otherwise  we  will  make  a  mistake  similar  to 
that  which  would  occur  if  we  determined  the  strength  of  an  ingot 
directly  from  the  proportionate  strength  of  a  fine  wire  produced 
from  this  ini^ot. 

Mr.  KeejK — To  find  the  relative  strength  of  test  bars  of  different 
sizes  the  strength  of  a  unit  of  each  must  be  found.  The  unit 
which  I  have  selected  is  one  foot  long  and  one-half  inch  square. 

The  formula  in  w  =  ,         For  a  test  bar  3  inches  square  by  2  feet 

OK    oof)     y     O 

long,  with  strength  25,200  pounds,  w  =    y        ^      =  233  pounds. 

Prcifessor  Johnson  obj(icts  to  the  use  of  this  formula.  If  the  grain 
of  each  size  of  test  Imr  had  been  the  same,  this  formula  would 
have  given  the  same  strength  per  unit;  but  the  grain  grows  coarser 
as  the  size  increa.ses,  and  for  this  reason  the  strength  per  unit  de- 
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creases.  The  application  of  this  formula  is  a  simple  reduction 
of  area,  and  shows  the  relative  decrease  in  strength  due  to  slower 
cooling,  caused  by  an  increase  of  size. 

The  relative  variation  in  strength  of  test  bars  of  the  same  size, 
caused  bj^  an  increase  of  silicon,  can  be  seen  in  the  actual  strength 
of  the  bars,  Table  L,  or  b}^  the  strength  per  unit.  Table  11.  The 
trength  per  unit  of  the  3-inch  square  bars  is  found  by  dividing 
each  actual  strength  by  108.  Both  of  these  tables  show  that  an 
increase  of  silicon  weakens  large  bars  and  strengthens  small  bars. 
Professor  Johnson  doubts  this,  but  says  that  if  the  committee 
will  make  tensile  tests  of  varying  sizes  of  test  bars,  and  if  such 
tests  produce  the  same  result  as  the  transverse  tests,  he  will  ao-ree 
that  the  result  is  due  to  composition,  and  the  crystalline  form. 
The  following  are  the  tests  that  he  asks  for : 


TABLE  X. 


Ikox. 

No. 
Series. 

Av.   PER  CENT. 

Silicon. 

Tensile  Strength  per  q  "  op 
Test  Bar. 

Area  1.10  n". 

Area  .375  a". 

Iroquois 

1 
2 
3 
4 
5 
6 

8 
9 

10 
11 
12 

.81 
1.20 
1.88 
2.01 
3.19 
3.04 

20,000     » 

20,580 

25,050 

21,850 

22,425 

25,550 

15,700 
22.300 
20,450 
19,350 
19,750 
16,700 

Hinkitv 

.93 
1.17 
1.67 
2.23 
2.71 
3.05 

18.950 
17,700 

17,700 
15,350 
14,800 

17,660 

17,500 

17,700 

Soutlieru 

14 
13 
15 

2.81 
8.18 
3.50 

14,000 
23,525 
24.400 

21,300 

20,500 
20,300 

Table  X.  gives  the  tensile  strength  per  square  inch  (per  unit) 
of  two  sizes  of  bars  made  at  the  same  time  as  the  transverse  bars 
shoAvn  in  Tables  I.  and  II. 

The  Iroquois  and  the  Southern  series  show  exactly  the  same 
results  as  the  transverse  tests,  viz.,  that  an  increase  in  size  enlarges 
the  grain  and  weakens  the  casting  ;  and  that,  as  silicon  increases, 
laro^e  castino^s  o-row  weaker,  and  small  castin^^s  o^row  stronofer. 
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l*rol'ossor  Johnson  says  tluit  the  correct  transverse  strength  of 
cast  iron  can  be  computed  from  the  tensile  strength,  but  not  vice 
vf/'Str.     It  seems  strange  that  the  rule  will  not  reverse. 

Theorv  and  practice  will  be  in  perfect  accord  when  the  nature 
of  ciist  iron  is  undei-stood.  Formulae  or  graphic  methods  will  be 
arrano^eil,  bv  which  the  streno-th  of  one  size  of  test  bar  can  be 
computed  from  that  of  another  size. 

The  committee  have  authorized  the  presentation  of  this  series 
of  monograplis  on  the  character  of  cast  iron,  to  show  a  reason  for 
their  conclusions  regarding  methods  of  testing. 
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KEEP'S  COOLING  CURVES^— A  STUDY  OF  MOLECULAR 
CHANGES  IN  METALS  DUE  TO  VARYING  TEMPER- 
A  TURES. 

BY   \y.  J.  KEEP,  DETROIT,  MICH. 

(Member  of  the  Society,  and  of  its  Committee  on  Standard  Tests  and  Methods  of  Testing 

jNIateiials.) 

In  a  paper  read  before  this  Society  last  December  :}:  I  endeavored 
to  show  that  a  measure  of  the  shrinkage  would  indicate  whether  a 
mixture  of  cast  iron  needed  more  or  less  silicon.  In  my  reply  to 
the  discussion  of  that  paper  I  made  the  following  statement : 
"  The  question  has  been  raised  whether  cast  iron  expands  at  the 
instant  of  solidification.  There  is  no  such  instant.  Each  crystal 
forms  and  shrinks  on  itself,  and  even  if  it  did  expand,  it  is  not 
until  such  crystals  are  numerous  enough  to  form  a  rigid  shell  that 

*  Presented  at  the  Detroit  meeting  (June,  1895)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of   Volume  XVI.  of  tlie  Transactions. 

f  The  discovery  of  these  cooling  curves  was  made  too  late  to  allow  a  full 
chemical  analysis  to  be  made  of  each  of  the  test  bars,  but  it  seemed  a  matter  of 
so  much  importance  in  the  future  study  of  iron  and  steel  that  this  preliminary 
l>aper  is  presented  to  the  Society,  by  the  writer,  on  behalf  of  your  Committee  on 
Standard  Tests  and  Methods  of  Testing  Materials. 

The  temperature  at  which  the  change  in  curves  takes  place  will  be  determined 
as  soon  as  I  can  arrange  the  patterns  to  cast  the  holes  necessary  to  receive  the 
couples  of  the  pyrometer.  Messrs.  Dickman  and  Mackenzie  have  volunteered  to 
make  all  necessary  analyses  to  determine  the  relation  of  chemical  composition  to 
the  expansions. 

Mr.  E.  E.  Mains,  chemist  of  The  Detroit  Steel  and  Spring  Works,  has  made 
the  determinations  which  are  now  given,  which  very  materially  add  to  the  inter- 
est of  this  paper.  His  company  made  the  bar  of  mild  steel  casting  shown  in 
Chart  I.  The  Michigan  Bolt  and  Nut  Works  of  Detroit,  who  heat  their  fur- 
naces  by  crude  oil,  made  Curves  11a  and  Nos.  31,  32,  33,  34,  and  35  from  rolled 
iron  and  steel.  The  Michigan  Malleable  Iron  Company  of  Detroit,  who  use  only 
charcoal  iron,  made  Curve  No.  10  from  the  white  iron  that  they  pour  into  castings 
for  malleable  iron. 

Mr.  Henry  Penton,  draughtsman  of  The  Frontier  Iron  Works  of  Detroit,  has 
done  much  to  help  along  this  work  by  duplicating  drawings. 

X  This  investigation  was  undertaken  at  the  suggestion  of  the  committee,  made 
at  a  meeting  held  on  December  5,  1894,  at  which  the  question  of  expansion  of 
cast  iron  was  discussed,  without  reaching  any  conclusion. 
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the  casting  can  shrink,  and  any  e^cpansion  of  each  crystal  conld 
not  affect  the  whole  casting."  The  following  investigation  was 
made  to  prove  the  truth  or  error  of  this  statement. 

I)oc.<!  each  Cri/sfal  Expand  as  it  Forms? — When  cast  iron  enters  a 
mould  a  thin  skin  of  solid  iron  is  instantly  formed  by  the  cooling 


Fig.  303. 

action  of  the  sides  of  the  mould.  This  is  proven  by  breaking  a 
casting  which  is  still  fluid  ;  the  central  portion  will  run  out,  but 
the  skin  will  settle  on  the  surface  of  the  metal  which  remains,  but 
will  retain  its  own  integrity.  Hnving  once  formed,  the  heat  of  the 
metal  can  never  melt  it  again,  though  at  first  it  has  no  rigidity, 
but  is  apparently  in  an  amorphous  condition.  New  crystals  form 
on  the  interior  of  this  skin  very  rapidly,  and  as  the  mould  prevents 
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any  expansion  outward,  if  there  was  any  expansion  it  would  be 
inward,  which  would  lessen  the  holding  capacity  of  the  interior. 
This  skin  in  a  few  seconds  becomes  rigid.  The  fluid  interior  is 
contained  in  a  rigid  shell  of  the  same  metal  at  practically  the 
same  temperature  as  the  melted  portion.  Fig.  303  shows  the  top  of 
a  runner  from  a  blast  furnace  pig  bed,  the  molten  inside  having 
run  out.  The  individual  crystals  must  be  of  the  same  form  as  the 
aggregations,  which  are  regular  octahedrons.  The  edges  of  the 
largest  are  f "  long.  The  mounted  sample  is  perfectly  regular, 
each  edge  J"  long,  and  was  obtained  at  another  time.  Each 
aggregation  has  formed  independently  of  others,  and  all  are  at- 
tached to  the  outer  shell. 

When  the  sprue  has  a  shell  formed  on  its  top  surface,  if  a  hole 
is  broken  through  it  the  currents  of  the  molten  metal  can  be  seen, 
but  no  metal  ever  exudes;  but,  on  the  contrary,  if  the  casting  is  of 
any  considerable  size  the  fluid  metal  will  sink,  and  to  produce  a 
full  casting  more  fluid  metal  must  be  fed  to  it.  This  proves  that 
the  fluid  metal  does  not  expand  as  it  loses  heat,  and  it  also  proves 
that  each  crystal  does  not  expand,  at  least  not  so  fast  as  to  over- 
come the  general  shrinkage  from  loss  of  heat. 

Aufograpliic  Record  of  Shrinkage. — Fig.  304  is  a  cut  of  the 
machine  by  which  this  record  was  made.  A  mould  is  made  of 
a  test  bar  1"  n  by  26"  long.  In  the  front  of  the  flask,  near 
the  ends  of  this  mould,  recesses  are  cut  to  allow  the  ends  of  the 
mould  to  be  reached.  Tlie  top  of  each  end  of  the  mould  is  cov- 
ered with  a  piece  of  tin  having  a  \"  round  hole  through  it,  the 
two  holes  being  24^"  apart.  The  autographic  machine  is  at- 
tached to  the  mould  in  each  recess  by  a  ^"  round  pin  which  pro- 
jects upwards  to  form  a  bearing  for  the  arms  which  are  to  transmit 
the  motion  of  the  test  bar.  The  inner  end  of  each  arm  is  2"  long, 
and  the  outer  end  is  20"  long.  Through  the  inner  end  of  the 
arms  is  a  \"  hole  corresponding  with  the  hole  in  the  tin  cover  of 
the  mould.  Through  each  of  these  is  passed  a  j"  pin  of  Stubbs 
steel.  The  inner  end  of  this  pin  projects  downward  through  the 
mould.  This  pin  is  located  at  the  front  edge  of  the  mould,  so  that 
the  first  skin  formed  shall  embrace  it.  The  outer  ends  of  the  arms 
multiply  any  motion  of  the  ends  of  test  bar  ten  times.  The  right- 
hand  arm  moves  a  slide  which  carries  a  recording  pencil,  and  the 
left-hand  arm  moves  a  slide  upon  which  is  located  a  cylinder  which 
contains  the  ruled  record  paper,  and  also  carries  a  clock  which  al- 
lows the  cylinder  to  turn  once  each  hour.     The  paper  is  ruled  in 
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1"  squares,  each  divided  into  twentieths.  The  cylinder  has  a  cir- 
cumference of  12  inches,  which  makes  each  inch  measured  circum- 
ferentiallj  on  drum  equal  to  five  minutes  of  time.  As  one  arm 
moves  the  pencil  and  the  other  moves  the  slide  which  carries  the 
cylinder  and  clock  in  an  opposite  direction,  the  record  is  the  sum 
of  the  motions  of  the  two  ends  of  the  test  bar,  and  as  this  is  2 
feet  long,  to  find  the  motion  of  the  test  bar  per  foot  of  length,  the 
record  must  be  divided  by  20.  If  the  record  shows  a  motion  of 
the  pencil  to  be  half  an  inch,  or  ten  of  the  small  divisions,  the 
motion  of  each  end  of  the  bar  would  be  J  of  one  division,  or  j%^. 

The  frame  of  the  machine  is  of  wood,  to  prevent  expansion  or 
contraction,  and  the  apparatus  with  the  test  bar  is  entirely  self- 
contained. 

Shriyikage  Curves. — As  metals  expand  as  they  receive  heat,  and 
shrink  in  proportion  as  they  lose  heat,  the  record  of  such 
simple  shrinkage  should  be  a  curve  showing  these  proportions. 
Chart  I.  shows  such  curves  from  the  most  common  metals.  A 
shrinkage  takes  place  while  the  metal  is  still  fluid  which  causes 
the  metal  in  the  gate  to  sink,  yet  the  pins  in  the  end  of  the  test 
bar  will  not  move  until  the  casting  is  solid,  and  such  shrinkage 
in  the  fluid  metal  cannot  alter  the  size  of  the  casting.  The 
curves  show  the  length  of  time  it  took  each  metal  to  become  solid. 
Block  tin  remained  fluid  11  minutes,  while  lead  was  fluid  only  2^ 
minutes.  As  soon  as  the  1"  n  bar  becomes  solid  the  shrinkage 
of  the  test  bar  begins. 

Yokes  for  Chilling  and  Fixing  the  Length  of  Test  Bars. — Holes  to 
receive  the  pins  of  the  machine  were  drilled  in  each  end  of  a  yoke, 
and  a  test  bar  1"  n  was  cast,  its  ends  running  against  the  ends 
of  the  yoke.  Curve  ah  on  Chart  I.  (Fig.  305)  shows  the  motion  of 
the  ends  of  the  yoke.  The  bar  connecting  the  ends  of  the  yoke  is 
1"  D,  or  the  same  size  as  the-  test  bar,  and  there  is  1"  of  sand 
between  them,  but  the  diagram  shows  that  the  yoke  expanded  at 
once  when  the  iron  filled  the  mould.  Curve  No.  2  is  from  a  1"  n 
test  bar,  cast  with  its  ends  against  the  yoke,  the  pins  in  this  case 
being  in  the  test  bar.  The  ends  of  the  test  bar  did  not  move  for 
one  minute,  so  that  the  chilling  against  the  3'oke  ends  was  instan- 
taneous, for  the  yoke  expanded  away  from  the  bar  at  once,  and 
never  came  in  contact  with  it  again.  Curve  No.  3  is  from  the 
same  iron  mixture,  from  a  bar  cast  in  sand  without  a  yoke.  The 
curves  show  the  variation  in  No.  2  on  account  of  the  cooling 
action  of  the  yoke.     All  of  the  test  bars  made  for  the  Society's 
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Committee  on  Methods  of  Testing  were  made  in  yokes,  and  all 
bai's  were  shaken  out  of  the  moulds  at  once.  In  all  the  bars 
lai-ger  than  1"  n  the  expansion  of  a  yoke  would  be  much  greater 
than  for  a  bar  1"  n,  for  the  reason  that  the  bar  connecting  the 
heads  of  the  yoke  was  always  1"  n  and  1"  from  the  test  bar,  and 
the  larger  test  bars  would,  therefore,  heat  it  more  quickly  and  to  a 
greater  extent.  The  ^"  test  bars  were  cast  in  a  yoke  with  a  i"  n 
bar  connecting  the  yoke  heads,  but  in  each  case  the  ^"  test  bar 
shrinks  away  at  once  (see  Curve  No.  18,  Chart  III.),  and  could 
never  touch  the  yoke  after  the  instant  that  mould  was  filled. 

Curves  from  Cast  Iron. — These  vary  in  shape  with  change  in 
chemical  and  physical  composition.     Iron  with  silicon  quite  high 
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makes  tlie  most  attractive  curve,  and  Curve  11,  Fig.  306,  is  there- 
fore taken  as  an  example.  The  silicon  was  3.85  per  cent.,  P  1.00, 
S  0.10,  Mn  0.50.  The  carbon  is  about  3.10,  which  is  low.  This 
is  a  mixture  which  gives  excellent  results  for  thin  castings  which 
are  very  strong  and  soft.  The  lower  the  carbon  the  higher  must 
be  the  silicon  to  produce  soft  castings.  The  curve  shows  that 
the  casting  remained  fluid  for  1  minute,  during  which  time  the 
ends  of  the  bar  remained  stationary.  When  the  whole  of  the  test 
bar  had  Ijecorao  solid  it  expanded  for  16  minutes.  The  expansion 
began  li  minutes  after  the  mould  was  filled,  increased  until  3^ 
minutes,  then  decreased  until  7  minutes.  This  I  name  the  Isf 
Expansion.  The  expansion  then  increased  until  8  minutes,  and 
decrea.sed  again  until  10  minutes.  This  I  call  the  2c?  Expansion. 
A  very  great  expan.sion  then   takes  place,  reaching  its  maximum 
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between  12^  and  14  minutes,  and  decreasing  until  16  minutes, 
or  a  little  later.  This  I  call  the  3c/  Expansion.  When  these 
expansions  are  completed  the  regular  shrinkage  curve  from  the 
loss  of  heat  is  formed,  the  same  as  in  the  simple  metals. 

This  shrinkage  had  been  acting  from  the  beginning,  for  the 
metal  had  been  parting  with  its  heat  all  the  time,  but  the  expan- 
sions were  great  enough  to  overcome  all  this  shrinkage  during 
the  first  16  minutes.  Another  proof  of  this  is  that  the  shrinkage 
curve  of  all  1"  □  cast-iron  bars  takes  substantially  the  same  direc- 
tion after  the  3d  Expansion  is  completed.  This  is  beautifully 
shown  in  Curve  35  of  Chart  IV.,  where  the  dotted  line  shows  the 
location  of  the  shrinkage  curve  if  no  expansion  had  occurred. 

Solidifying  of  Cast  Iron. — To  get  an  explanation  of  Curve  No. 
11,  18  test  bars  1"  □  and  1  foot  long  were  poured  at  the  same  time 
as  the  2-foot  test  bar  from  which  the  diagram  was  taken.  As  the 
bars  were  made  in  a  snap  flask  there  was  nothing  around  the  bar 
but  sand.  The  first  bar  was  numbered  19.  At  the  end  of  1 
minute  the  iron  in  the  gate  was  still  fluid.  At  IJ  minutes  the  sand 
was  cut  away  and  the  bar  taken  out,  but  it  broke  by  its  own  weight, 
though  it  was  not  fluid.  One  half  of  this  bar  was  dropped  into  a 
barrel  of  ice  water  and  the  other  half  was  allowed  to  cool  in  the 
air.  At  the  end  of  each  minute  thereafter  the  sand  was  cut  away 
from  a  bar,  which  was  broken,  and  half  of  it  dropped  into  the  ice 
water.  From  the  fact  that  the  cooling  of  a  1"  □  bar  in  water  cannot 
be  instantaneous,  and  that  anything  short  of  that  would  allow 
a  change  in  crystallization,  the  quenched  bars  give  only  a  faint 
idea  of  the  condition  of  the  iron  at  the  time  it  was  taken  from  the 
mould. 

Each  bar  was  a  little  stronger  than  the  preceding  one,  and  as 
soon  as  it  could  not  be  broken  with  a  pair  of  pincers  alone,  one- 
half  of  the  bar  was  placed  in  a  hole  in  a  heavy  block  of  iron, 
when  a  wrench  of  the  pincers  would  break  it.  Then  a  light  blow 
of  a  hammer,  and  toward  the  end  quite  a  sharp  blow  from  a  five- 
pound  hammer  was  needed. 

Curve  ]S^o.  11,  Fig.  306,  was  then  divided  according  to  the  times  of 
breaking  the  18  bars,  to  see  which  belonged  to  the  different  parts 
of  the  curve.  Previous  to  making  the  bars  described,  and  while 
Curve  No.  13,  Chart  II.  (Fig.  307 ),  was  being  made,  a  similar  num- 
ber of  bars  numbered  from  1  to  18  had  been  broken. 

Hard  or  Soft  Cast  Iron. — An  examination  of  the  fracture  of  these 
two  series  of  quenched  bars  shows  a  great  change  in  the  crystal- 
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line  stnicture  before  and  after  the  3d  Expansion,  but  these  frac- 
tures do  not  at  all  show  what  the  iron  really  was,  because  quench- 
ing cannot  entirely  prevent  the  crystals  assuming  their  natural 
form.    The  whole  change  from  melted  iron  to  a  soft  gray  crystal- 
line casting,  shown  by  Curve  No.  11,  can  take  place  in  a  thin  cast- 
in^  in  less  than  a  minute  (see  Curve  17,  Chart  XL).      If  a  non- 
chilling  iron,  like  that  from  which  the  Curve  No.  11  is  made,  is 
poured  against  a  chill,  only  a  very  thin  portion  will  be  chilled,  and 
behind  this,  toward  the  molten  mass,  will  be  formed  a  dense  black 
soft  grain,  probably  at  the  same  instant  with  the  chilled  portion. 
This  instantaneous  passage  of  cast  iron  through  all  of  the  stages 
of  cr^^stallization,  from  fluidity  through  the  3d  Expansion,  makes 
it  impossible  to  fix  the  iron  at  any  instant.     To  get  an  approxi- 
mate idea  of  the  state  of  the  iron,  the  bars  numbered  19,  25,  and 
30  were  selected  for  analysis ;  No.  19  before   the  iron  was  solid, 
No.  25  during  the  2d  Expansion,  and   No.  30  just  as  the  3d  Ex- 
pansion had  reached  its  maximum.     The  combined  carbon  in  bar 
No.  19  was  0.60,  in  bar  No.  25,  0.45,  and  in  bar  No.  30  it  was  0.06. 
From  the  location  of  the  curves,  bars  26,  27,  and  28  were  probably 
as  hard  and  contained  as  much  combined  carbon  as  No.  25.     As 
bar  No.  28  probably  contained  0.40  combined  carbon,  and  as  bar 
No.  30  contained  only  0.06  combined  carbon,  which  is  the  same 
percentage  as  was  contained  by  the  portion  of  the  bars  which 
were  allowed  to  cool  in  the  air,  it  appears  that  the  change  of  com- 
bined carbon  into  graphite  takes  place  in  less  than  one  minute  in 
a  casting  1"  n  cooled  in  its  own  mould,  and  that  this  is  the  time 
when  hard  iron  changes  to  soft  iron.     After  the  3d  Expansion  no 
further  change  in  the  crystalline  structure  took  place,  and  the 
shrinkage  curve  was  that   ordinarily  made  by  the  loss   of   heat. 
The  bars  Nos.  19  and  25  were   so  hard  that  they  could  not  be 
touche<l  with  a  drill,  and  it  was  very  difficult  to  break  off  enough 
for  analysis.     It  would  seem  that  the  bars  were  much  harder  than 
could  be  accounted  for  by  the  0.60  per  cent,  of  combined  carbon, 
while  bar  No.  30  was  very  soft.     The  final  arrangement  of  crystals 
took  place  during  the  3d  Expansion,  and  at  that  time  the  iron  be- 
came soft.     Calling  an  iron  Vjy  the  number  of  its  curve.  No.  11  was 
intensely  hard  for  the  first  10  minutes  and  became  soft  during  the 
3d  Expansion.     In  Nos.  12  and  13  the  3d  Expansion  was  almost 
lacking  and  the  iron  was  left   in  its  hard   state.     The  facts  were 
that  the  castings  made  from  the  mixture  of  No.  11  were  all  soft, 
while  those   made  from  Nos.  12  and  13   were  difficult  to   drill. 
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Much  depends  upon  the  character  of  the  original  irons.  No. 
10  would  almost  scratch  glass,  but  Nos.  6,  7,  8,  and  9,  made  from 
pig  iron  only,  and  melted  in  a  crucible,  though  the  3d  Expansion 
is  not  great,  were  soft.  An  investigation  may  show  that  the  1st 
Expansion,  being  so  large,  had  a  softening  influence,  or  that  the 
entire  absence  of  the  2d  Expansion  may  account  for  it. 

Silicon  is  a  Softener  and  a  Lesse.nev  of  Shrinkage. — Curve  Ko.  4, 
Chart  II.,  shows  an  immense  3d  Expansion,  and  the  iron  is  so 
soft  and  open  as  to  be  very  weak,  and  the  silicon  is  3.49  per  cent. 
Curve  No.  5  is  one  of  iron  containing  3.10  per  cent,  of  silicon. 
The  3d  Expansion  is  not  so  great,  and  the  iron  is  not  quite  as  soft 
as  in  No.  4.  Each  lessening  of  silicon  lessens  the  3d  Expansion, 
and  the  iron  is  harder  each  time.  The  silicon  of  No.  11  is  higher 
than  that  of  No.  4,  being  3.85  per  cent.,  but  No.  11  is  from  a 
regular  cupola  mixture  of  close-grained  low  carbon  irons,  and  40 
per  cent,  of  the  mixture  is  the  sprues  made  the  previous  day,  and 
the  latter  have  been  melted  over  each  day.  In  irons  producing 
curves  Nos.  4  to  9,  and  14,  15,  and  16,  the  total  carbon  was  nearly 
4.00,  and  all 'are  open-grain  pig  iron,  and  melted  without  scrap  in 
a  crucible.  In  Nos.  11,  12,  and  13  the  carbon  was  about  3.10 
per  cent.,  phosphorus  was  1.00,  and  sulphur  0.10,  per  cent.,  while 
in  the  crucible  irons  Nos.  4  to  9  P  was  only  0.20,  and  S  0.04. 

In  the  practical  application  of  cooling  curves  to  foundry  work, 
the  mould  can  be  made  in  20  minutes,  and  as  soon  as  the  iron 
is  running  the  bar  can  be  poured.  It  takes  15  minutes  to  find 
the  3d  Expansion.  It  is  at  once  apparent  whether  the  mixture 
needs  more  or  less  silicon,  and  the  charges  of  iron  can  be  changed 
at  once,  if  necessary. 

Phosphorus,  Sulphur,  and  Manganese  in  Cast  Iron. — In  Curve  No. 
14  phosphorus  is  1.14  per  cent.,  and  the  silicon  is  2.44  per  cent. 
The  1st  Expansion  continued  longer  than  in  Curve  No.  6,  the  3d 
Expansion  was  greater,  and  the  casting,  therefore,  is  softer.  The 
final  shrinkage  begins  higher  up  or  from  a  greater  initial  expan- 
sion, and  the  total  shrinkage  is  therefore  less  than  in  No.  6.  In 
Curve  No.  15  manganese  was  increased  to  0.83  per  cent.,  while  the 
silicon  is  substantially  the  same  as  in  No.  6,  which  was  about 
0..50.  The  iron  was  hotter,  and  for  this  reason  it  remained  fluid 
for  two  minutes.  The  1st  Expansion  was  of  shorter  duration.  A  2d 
Expansion  is  almost  apparent,  and  the  3d  Expansion  occurred 
later,  and  was  greater  than  in  No.  6,  therefore  the  iron  was  no 
harder.     In  Curve  No.  16  the  sulphur  was  0.169  per  cent.    This 
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has  greatly  lessened  the  duration  of  the  1st  Expansion,  and  has 
both  shortened  and  reduced  the  3d  Expansion,  and  has  therefore 
caused  the  iron  to  be  harder  than  that  of  No.  6. 

Size  of  Casting,  and  Expansion. — Charts  III.  (Fig.  308)  and  V. 
(Fig.  309)  show  Curves  Nos.  17, 18,  11, 19,  20,  21,  and  22,  from  test 
bars  f  X  1",  f  □  ,  1"  □ ,  1"  x  2",  2"  n  ,  3"  d  ,  and  4"  n ,  which  are 
the  sizes  that  were  made  for  the  committee's  strength  tests.  In 
No.  17  the  casting  became  solid  in  20  seconds,  with  a  very  slight  1st 
Expansion,  and  the  3d  Expansion  probably  occurred  in  1 J  minutes. 
In  No.  18  the  1st  Expansion  began  as  soon  as  the  bar  was  poured, 
and  the  curve  shows  the  2d  and  3d  Expansions.  In  No.  19  the 
thickness  of  the  bar  was  the  same  as  in  No.  11,  but  the  width  was 
twice  as  great,  and  the  ratio  of  cooling  was  slower,  and  there- 
fore all  three  expansions  are  retarded.  In  Nos.  20  and  21  the 
size  of  the  bar  was  so  great  that  it  was  not  congealed  in  the  centre 
for  some  time  after  pouring,  and  the  early  beginning  of  the  1st 
Expansion  must  have  been  on  account  of  the  pins  of  the  test  bar 
being  located  on  the  edge  of  the  mould.  As  soon  as  the  shell 
became  rigid  enough  it  expanded,  the  same  as  any  solid  casting, 
and  the  slowness  of  cooling  prolonged  the  period  of  each  expansion. 
The  rate  of  cooling  causes  the  location  of  the  expansion  curves  to 
be  formed  either  earlier  or  later. 

Effect  of  Hot  or  Dull  Iron  on  Shrinkage. — Much  of  the  discussion 
on  my  ])aper  on  shrinkage  at  the  December  meeting  was  regarding 
this  question.  Chart  IV.  (Fig.  310)  gives  four  examples  of  hot  and 
cold  poured  test  bars.  The  apparatus  was  arranged  to  make  two 
curves  at  one  time,  and  the  test  bars  were  half  as  long  as  those 
already  examined.  The  lateral  enlargement  of  the  diagrams  in  this 
chart  is  therefore  only  ten  times,  but  the  horizontal  time  measure 
is  the  same  as  before. 

In  each  of  the  four  examples  presented,  iron  was  caught  in  a 
ladle  and  emptied  out  several  times  in  succession  so  as  to  heat  it 
very  hot,  and  then  35  pounds  of  iron  was  caught  and  a  bar  1  foot 
\o\\<r  and  1 "  D  was  ])Oured  immediately.  The  ladle  was  then  allowed 
to  stand  until  a  shell  had  formed  on  the  top  of  the  remaining  iron. 
A  liole  was  l)roken  through  this  shell,  and  the  iron  under  it  poured 
into  anotlier  test  bar  of  the  same  size.  This  iron  was  as  dull  as 
would  fill  the  mould,  and  to  insure  a  full  test  bar  the  gates  had 
been  cut  nearly  as  large  as  the  mould  for  the  bar.  The  iron  ]).ut 
into  the  first  mould  was  white  hot,  and  flowed  like  water.  The  last 
was  red  and  sluggisk    The  hot  bar,  No.  26,  became  solid  in  a  little 
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more  than  a  minute,  when  the  expansions  began.  The  2d  Expan- 
sion had  begun  when  the  dull  bar  was  poured,  yet  the  dull  bar 
went  through  the  expansions  so  much  more  rapidly  that  the 
temperature  that  produced  the  3d  Expansion  was  reached  in  both 
the  hot  and  dull  poured  bars  at  nearly  the  same  time.  The  final 
shrinkage  of  the  two  did  not  vary  much,  though  the  hot  bars 
shrank  a  little  the  most.  The  dull  poured  bar  went  through  the 
chauges  more  rapidly,  because  it  entered  a  cold  mould,  and  was 
nearer  the  temperature  at  which  the  3d  Expansion  would  occur, 
to  begin  with.  The  location  of  the  hot  and  dull  bar  in  the  flask 
was  changed  each  time«  because  the  improvised  recording  pencil 

CHART  IV. 
Fig.  310. 
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at  the  left  hand  did  not  make  as  true  a  curve  as  the  right-hand 
pencil. 

Temperatures  at  Which  the  Three  ExjpansionH  Take  Place. — Mr. 
Henning  has  arranged  to  determine  these  temperatures  with  a  La 
Chatelier  pyrometer,  but  the  diagrams  themselves  show  that  each 
expansion  occurs  at  a  definite  temperature.  In  Chart  lY.,  the 
hot-poured  bars  had  a  greater  amount  of  heat  to  impart  to  the 
mould  than  the  cold-poured  bars,  and  the  temperatures  necessary 
for  the  formation  of  the  curves  were  reached  after  a  longer  interval 
of  time.  The  No.  10  bar  in  Chart  II.  was  poured  very  hot,  and  the 
3d  Expansion  occurs  after  a  greater  interval  of  time.  Xos.  7  and 
9  were  dull,  and  the  3d  Expansion  occurs  earlier  than  in  the 
others. 

If  the  rate  of  cooling  is  slower  it  will  take  a  longer  time  to 
reach  the  tem]:>erature  at  which  each  expansion  takes  place.  For 
example,  in  No.    11,  Chart  Y.,  the  3d  Expansion  took  place  in  12 
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minutes ;  iu  No.  19  it  was  20  minutes  ;  iu  No.  20  it  was  40  min- 
utes ;  in  No.  21  it  w^as  85  minutes  ;  and  in  No.  22  it  was  140 
minutes,  which  corresponds  with  the  rates  of  cooling.  It  is  im- 
portant to  prove  that  each  expansion  occurs  at  a  definite  tem- 
perature, and  it  would  be  a  great  satisfaction  to  know  the  exact 
de^Tee  of  heat.  The  cast-iron  test  bar,  as  shown  by  the  18  bars 
that  were  broken,  w^as  at  quite  a  red  heat  at  the  3d  Expansion.  It 
mav  be  found  that  a  change  in  chemical  composition  may  hasten 
or  retard  the  formation  of  the  curves,  irrespective  of  temperature. 
For  example,  in  the  curves  of  iron  and  steel.  Chart  IV.,  the  bars 
had  just  a  reddish  tinge  in  the  sunlight,  while  the  expansion  was 
taking  place,  and  were  a  dull  red,  if  shaded ;  and  this  curve  must 
correspond  with  the  3d  Expansion  in  cast  iron,  which  takes  place 
at  a  bright  red  heat. 

JVhen  does  Carbon  Combine  when  Heated  toicards  Fusion  ? — The 
cast-iron  test  bar  from  which  Curve  No.  11  was  taken  was  heated  as 
much  as  it  was  thought  it  would  stand  without  breaking,  and  was 
placed  at  a  bright  red  heat  on  the  pins  of  the  machine.    The  result 
was  a  curve,  11a,  Chart  II.     As  this  bar  was  cooled  in  the  open 
air  the  change  was  very  rapid,  and  the  proportions  of  the  diagram 
are  different  from  the  original.     The  diagram  begins  just  before 
the  3d  Expansion.    This  shows  that  the  crystalline  structure  which 
produced  the  3d  Expansion  had  been  changed  during  the   latter 
part  of  the  heating  to  the  structure  which  preceded  the  3d  Ex- 
pansion.    At  that  time  most  of  the  carbon  was  combined,  and  the 
iron  was  extremely  hard.     This  experiment  shows  that  in  melting 
graphitic  cast  iron  the  graphite  changes  to  combined  carbon  when 
ihe  temperature  of  the  3d  Expansion  is  reached,  instead  of  at  the 
temperature   of  fusion.     Unlike  white  cast  iron,  the  iron  is  in  an 
expanded  state  from  the  3d  Expansion  to  the  point  of  fusion  ; 
i.e.,  the  atoms  are  not  as  close  together.     In  white  iron,  with  the 
carbon  comVjined  in  the  cold  casting,  there  is  no  change  in  the 
crystalline  structure   during  the  heating,  and  the   iron   does  not 
reach  the    expansion    which    causes    it  to,  fuse  until  just  before 
fusion.      Gray   cast   iron   reaches   its  greatest  expansion    much 
Hoonor  than  white  iron,  with  the  result  that  it  melts  from  the  out- 
side of  the  casting,  and    does  not  become  plastic  to  the  extent 
that  white  cast  iron  does. 

The  })ar  whicli  produced  Curve  No.  11  was  again  heated,  to  de- 
termine if  a  lower  point  on  the  curve  could  be  reached,  but  it  fell 
apart  in  handling.     Practically,  the  3d  Expansion  is  all  that  can 
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be  reached  by  reheating.  It  was  found  that  the  bar  was  too  loug 
to  go  in  the  machine  after  the  second  reheating,  showing  that  two 
heatings  above  the  3d  Expansion  had  increased  the  size  of  the 
crystals  the  same  as  ordinary  anneahng.  The  temperature  for 
annealing  should,  therefore,  be  that  of  the  3d  Expansion. 

To  illustrate  the  expanded  condition  of  cast  iron  of  the  quality 
of  No.  11,  two  of  the  gates  from  the  18  bars  that  were  broken 
were  cleaned,  and  one  of  them  was  polished.  Two  ladles  of 
melted  iron  from  the  same  heat  were  placed  on  the  floor,  one  of 
the  14-ounce  gates  was  placed  in  each.  They  w^ere  plunged  into 
the  fluid  metal  at  first  to  cause  the  melted  iron  to  come  in  con- 
tact with  the  surface.  Both  gates  (about  1"  round  x  4"  long)  lay 
on  top  of  the  melted  metal  until  they  were  melted,  about  one- 
fourth  being  above  the  surface.     This  took  two  minutes. 

Curves  from  Heated  Boiled  Steel— Chart  VI.  (Fig.  311).  The  first 
bar  treated  was  a  bar  of  merchant  iron  1"  □  by  26"  long,  with  the 
holes  for  the  pins  23J"  apart.  The  expansion  was  so  great  that 
when  white  hot  it  was  24J"  long.  As  these  bars  were  cooled  in 
the  open  air  the  shrinkage  was  very  rapid.  The  curve  of  No.  31 
changed  slightly  after  one  minute,  but  it  would  need  other  tests 
to  show  whether  the  metal  became  at  all  crystalline.  The  next 
tested  was  a  bar  1 '  □  of  Jessops  tool  steel,  Curve  No.  32.  This 
was  then  heated  again,  to  see  if  it  would  become  more  coarsely 
crystalline,  Curve  No.  33.  The  expansion  (which  is  the  3d)  at 
the  first  heating  was  blended  into  the  curve  of  shrinkage,  and  was 
of  shorter  duration  than  that  of  the  second  heating,  showing  that 
it  became  more  coarsely  crystalline  by  reheating  past  the  3d 
Expansion.  This  was  on  account  of  its  high  carbon.  (The  pins 
of  the  machine,  which  were  of  Stubbs  steel,  became  enlarged  by 
repeated  heatings.)  The  next  tested  was  a  bar  of  1^^"  O  mild  steel, 
with  carbon  0.45  per  cent.,  which  was  expected  to  behave  more 
like  No.  31.  The  expansion  curve,  34,  was  so  great,  however,  that 
while  the  2-foot  bar  was  shrinking  at  the  rate  of  ^VVo  inches  in  4 
minutes,  the  3d  Expansion  overcame  this  shrinkage  and  carried  the 
pencil  backwards  j^^  of  an  inch.  The  second  heating  gave  Curve 
35.  These  curves  show  that  the  shrinkage  is  going  on  at  the  same 
time  with  the  expansion,  for  the  direction  of  the  shrinkage  curve 
after  the  expansion  is  the  same  as  it  would  have  been  if  no  expan- 
sion had  taken  place,  as  shown  in  each  case  by  the  dotted  line. 
The  total  shrinkage  of  any  iron  or  steel  is  therefore  decreased  by 
the  amount  of  the  expansion. 
72 
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At  the  second  heating  of  the  0.45  C  steel,  when  the  expansion 
began,  the  color  in  sunhght  was  dark,  with  a  faint  red  tinge ;  by 
shading  it  from  the  light  the  side  of  the  bar  away  from  the  light 
was  red.  When  the  expansion  was  over,  the  bar  on  the  side  away 
from  the  hght  was  a  dull  red.  The  foreman  said  that  if  the  steel 
was  red  short  it  would  break  if  forged  at  such  a  color  as  existed 
daring  the  expansion.  This  remark,  and  the  difference  between 
the  expansions  of  Jessops  high  carbon  steel,  and  the  0.45  per 
cent,  carbon  mild  steel,  suggest  the  possibility  of  determining  this 
property  in  such  metal  by  the  use  of  these  expansion  curves. 

In  the  practical  application  of  these  cooling  curves,  any  bar 
of  iron  can  have  two  J"  holes  drilled,  23f "  apart,  in  ten  minutes ; 
it  can  be  heated  in  ten  minutes,  and  the  record  is  made  in  five 
minutes. 

Relation  of  these  Expansions  to  the  Critical  Points  of  Iron  and  Steel. 
— This  cannot  be  ascertained  until  the  temperature  at  which  each 
expansion  takes  place  is  determined.  If  these  expansions  should 
occur  at  the  temperatures  850°,  750°,  and  650°  C,  which  correspond 
to  the  critical  points  Ar  3,  Ar  2,  and  Ar  1,  these  expansions  are 
caused  by  a  change  in  the  length  of  the  test  bar  ;  in  other  words,  it 
is  purely  a  ])hysical  change,  and  not  at  all  caused  by  any  increase  in 
temperature.  If  the  expansion  was  caused  by  a  rise  in  temperature, 
then,  in  diagram  Xo.  11,  during  the  3d  Expansion  the  temperature 
must  have  been  higher  than  when  the  iron  was  melted,  which  idea 
is  absurd. 

The  expansion  curves  are  caused  by  a  rearrangement  of  crystals, 
and  is  i><irely  a  physical  process. 

Record  of  {"  n  Test  Bars,  Crucible  Melting. 


No. 
Curve. 


Percentages 
Silicon. 


1.2'J 
1.64 
2.04 
2.25 
3.10 
:{.49 


ii  ,M!:.'.H.I'  1.14 
15  '812.52,  Mn  0.85 
1«     Si  2.38,  S     0.169 


11 


Si  3.85 


Total 

Total 

Deflection 

Set 

Shrinkage 

Strength. 
354 

Deflection. 
.23 

at  300  lbs. 

at  300  lbs. 

0 

.18 

.03 

.156 

383 

.26 

.18 

.03 

.159 

380 

.28 

.19 

.03 

.157 

390 

.30 

.20 

.     .04 

.157 

371 

.35 

.25 

.05 

.150 

320 
:}07 

.32 

.29 

.07 

.140 
.148 

.28 

.17 

.02 

,       427 

.  35 

.21 

.03 

.154 

'     :{07 

!       447 

.31 

.23 

.04 

.176 

.25 

.15 

.ou 

.130 

Shrinkage 


107 
161 


.161 
165 

,158 


156 
.164 
,167 


135 
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The  test  bars  made  for  the  committee  from  these  mixtures  of 
iron  were  melted  with  coke  in  a  cupola  and  absorbed  sulphur.  In 
iron  melted  in  a  cupola,  silicon  generally  increases  strength  until 
it  reaches  3  or  3^  per  cent.,  according  as  the  carbon  is  high  or  low. 
"With  high  carbon,  and  melted  in  a  crucible,  in  this  case  strength 
decreases  after  2.25  per  cent,  silicon  is  reached. 

Sty^ong  and  Weak  Cast  Iron. — Strength  is  entirely  dependent 
upon  the  character  of  the  crystallization.  The  following  case 
proves  the  truth  of  this  statement.  One  flask  contained,  besides 
the  yokes  for  measuring  shrinkage,  one  test  bar  I"  u  ,  and  one 
iV'^l'j  both  run  from  one  gate;  another  flask  contained  nothing 
but  two  I"  u  bars,  both  on  one  gate,  and  all  were  12"  long.  Forty 
pounds  of  molten  iron  was  caught  from  the  cupola,  and  ordinary 
small  work  poured  from  it.  The  two  moulds  were  poured  with 
the  last  iron  in  the  ladle,  one  immediately  after  the  other,  and  the 
bars  were  removed  from  the  mould  in  about  five  minutes.  The 
y  D  bars  were  numbered  1,  1-1,  1-2,  and  the  record  of  strength 
and  analysis  is  as  follows : 


No.  Bar. 

Transverse 
Strength. 

Silicon. 

T.  Carbon. 

Cd.  Car- 
bon. 

Graphite. 

Phos- 
phorus. 

Sulphur. 

Manga- 
nese. 

1 
1-1 

550  lbs.    ' 
412  lbs. 

:     3.840 
3.790 

3.120 

3.085 

0.100 
0.095 

3.020 
2.990 

1.130 
1.170 

0.075 
0.074 

0.360 
0.361 

1-2 

440  lbs. 



E.  E.  Klooz,  Chemist. 


The  crystallization  of  No.  1-1  was  much  coarser  than  that  of 
"No.  1.  I  have  found  that  forcing  the  iron  into  tbe  mould  and 
making  the  bars  larger  than  half  an  inch  square,  or  pouring  so 
light  as  to  make  the  bars  smaller  than  the  standard,  the  strength 
is  hardly  ever  in  proportion  to  the  size,  and  the  yokes  never  seem 
to  influence  the  strength.  The  character  of  the  crystalline  struc- 
ture exerts  a  much  greater  influence  upon  strength  than  any 
chance  variation  in  size.  These  results  show  that  strength  may 
vary  in  spite  of  identical  chemical  composition.  The  amounts  of 
silicon  and  graphite  are  as  nearly  identical  as  chemists  can  work, 
and  another  determination  from  the  same  lot  of  drillings  would  be 
as  likely  to  reverse  the  results  ;  in  other  words,  the  chemical  com- 
position of  the  strong  and  weak  bar  is  identical.     This  is  not  an 
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exceptional  case.     With  the  same  mixture  of  iron  the  record  of 
V'  □  test  bars  for  three  days  was  as  follows  : 


Bar  1 . 

Bar  1-1. 

Bar  1-2. 

Mav  15  

375 
443 
520 

390 
360 
455 

365 

••"  16  

450 

••  17 

480 

The  final  adjustment  of  crystals  and  formation  of  graphite  in 
half-inch  bars  occurs  within  three  minutes  after  the  mould  is  filled. 
It  is  a  question  whether  a  jar  or  vibration  would  hasten  or  would 
influence  the  formation  of  crystals,  and  in  that  way  affect  the 
strength  of  a  casting,  or  whether  the  manner  in  which  the  iron 
enters  the  mould  exerts  any  influence. 

Perhaps  this  question  can  be  answered  by  obtaining  autographic 
records  from  a  number  of  bars,  all  poured  from  one  ladle,  and 
consecutively,  without  loss  of  time. 

It  appears  that  the  discovery  of  these  cooling  curves  may  lead 
to  a  perfect  understanding  of  these  intricate  molecular  changes. 

DISCUSSION. 

Prof.  J.  B.  Johnson. — I  would  like  to  ask  the  author  if  he  has 
any  explanation  for  the  remarkable  difference  in  strength  between 
half-inch  bars,  poured  from  the  same  ladle  in  close  succession, 
given  on  page  1131,  one  having  550  pounds,  and  the  other  412 
]x>unds.  He  states  there  was  a  remarkable  difference  in  the  two 
breaks  in  the  matter  of  the  size  of  the  crystals,  but  they  had  the 
sfime  chemical  composition,  and  were  poured  at  the  same  time, 
from  the  same  ladle ;  and  he  explains  the  difference  Avholly  by 
thf  difference  in  the  size  of  the  crystals.  Can  he  explain  Avhy 
those  crystals  were  of  different  size  ?  Were  they  cooled  at  a  dif- 
ferent rate  or  moulded  in  a  different  manner? 

Mr.  Keep. — This  example  on  page  1131  is  one  of  the  ordinary 
chiily  tests  in  our  foundry.  Our  test  consists  of  making  two  flasks 
of  lest  bars,  one  of  them  with  a  test  bar  one  inch  square  in  it,  and 
the  other  having  two  half-inch  square  bars  in  it.  I  say  in  this 
j>a[Kir  that  the  ladle  contained  about  40  pounds  of  iron.  One 
of  the  fla.sks  was  poured  from  this  iron,  and  then  the  other  im- 
mediately afterward.  So  far  as  we  know  no  change  took  place. 
AVe  do  not  know  that  anything  was  done  to  either  of  the  boxes. 
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The  moulder  shook  them  out  in  the  ordinary  ^vav,  but  there  was 
this  wonderful  difference  in  strength.  It  is  a  curiosity.  Every- 
body who  tests  cast  iron  finds  the  same  differences.  In  this  one 
case  I  sent  the  two  bars  to  have  an  analysis  made,  and  the  chemi- 
cal composition  of  the  two  bars  is  identical.  The  grain  of  the 
weak  bar  appears  to  be  coarser  than  that  of  the  strong  bar.  I 
think  there  is  no  question  about  it. 

Professor  Johnson. — And  there  is  no  difference  in  the  moulding 
or  coolino:  ? 

J/r.  Keep. — Not  the  slightest  difference  that  I  know  of. 

Professor  Johnson. — Both  poured  from  the  same  ladle  ? 

J/r.  Keejj. — Both  poured  from  the  same  ladle,  and  poured  at 
the  same  time. 

Professor  Johnson. — And  you  have  no  explanation  ? 

J/r.  Keep. — Xo,  sir.  But  it  is  suggested  here  that  an  explana- 
tion will  be  sought.  One  experiment  I  should  try  at  once  would  be 
to  make  two  flasks,  and  have  a  little  apparatus  which  would  con- 
tinually tap  one,  and  make  the  other  remain  still,  to  find  out  what 
caused  the  difference  in  those  bars.  Or,  perhaps,  as  I  indicate 
here,  it  may  have  been  the  way  the  iron  entered  the  mould. 

Professor  Johnson. — Might  it  not  be  a  defect  in  one  of  the  bars  ? 

J/r.  Keep. — There  was  no  defect  whatever.  Both  bars  are  ab- 
solutely perfect.  A  microscope  does  not  show  the  slightest  cold 
shut  nor  the  slightest  flaw.  More  than  that,  I  picked  out  other 
bars  of  the  same  kind  and  examined  them.  It  is  not  an  isolated 
case ;  it  is  a  case  which  occurs  in  every  man's  experience.  It  is 
the  most  provoking  thing  which  can  happen,  because  a  casting 
Avhich  you  think  is  strong  is  weak.  That  is  the  reason  you  give 
such  a  wide  margin  to  cast  iron,  when  it  is  used. 

Professor  Johnson. — Then  why  do  you  come  to  the  very  posi- 
tive conclusion  that  the  difference  is  wholly  due  to  the  difference 
in  the  size  of  the  crystals  ? 

J/r.  Keep. — In  the  first  place,  the  size  of  the  crystals  is  apparent 
to  the  eye,  and  in  the  next  place,  the  chemical  analysis  does  not 
show  any  difference.  There  is  no  doubt  about  its  being  due  to  the 
size  of  the  crystals ;  but  I  do  not  presume  to  say  what  made  the 
crystals  larger  in  the  weak  bar. 

Mr.  Joseph  C.  Piatt. — I  have  had  that  same  experience,  and 
attributed  it  sometimes  to  carelessness  in  testing  the  bars  the 
wrong  side  up,  or  that  the  sand  in  one  flask  was  more  damp  than 
in  another.     Of  course,  that  is  a  thing  you  cannot  measure.     You 
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may  have  uniform  sand,  but  the  moulder  may  sponge  one  flask 
more  than  another.  It  depends  on  the  moulder ;  and  although 
lie  may  be  perfectly  sure  that  the  sands  are  just  alike,  yet  we  are 
very  fi-equently  sure,  or  think  we  are,  about  things  concerning 
which  Ave  afterwards  find  we  were  mistaken. 

J//'.  Keep. — The  remark  that  has  just  been  made  leads  me  to 
sav  that  these  small  differences  are  imao^inarv.     We  imagine  that 

%^  %  CD  ^  ^ 

because  the  sand  is  a  little  different  in  one  case  from  what  it  is  in 
another  it  makes  a  great  difference  in  the  casting.  If  tests  are 
made,  it  will  be  found  that  these  variations  are  so  great  that  they 
cannot  be  accounted  for  in  that  way.  On  the  other  hand,  our 
sand  is  uniform.  It  is  a  large  heap,  shovelled  over  and  over  the 
night  before  it  is  used,  until  it  is  uniform.  This  question  was 
raised  in  a  discussion  about  a  year  ago,  and  a  great  deal  of  stress 
was  laid  upon  it,  and  I  published  a  large  number  of  experiments, 
showing  test-bars  made  in  sand  so  wet  that  the  w^ater  ran  out  of 
it.  I  made  others  in  kiln-dried  sand,  and  others  in  ordinary  sand, 
and  there  was  not  enough  difference  in  the  test-records  to  lay  any 
stress  upon.  Of  course,  there  was  a  little  difference,  but  not 
enough  so  that  you  would  have  to  look  for  the  slight  difference  in 
the  mixing  of  one  sand  pile. 

Mr.  D.  L.  Barnes. — I  would  like  to  ask  Mr.  Keep  if  we  are  to 
understand  from  these  tests  that  the  ordinary  transverse  tests  in 
a  foundry  are  unreliable  ?  As  I  understand  w4iat  he  says,  these 
Avide  variations  are  likely  to  occur,  and  we  do  not  know  why. 
Further,  I  would  like  to  ask  him  if  it  is  not  a  fact  that  he  does 
not  know  how  the  moulds  for  the  test  pieces  were  put  up  ?  The 
moulder  may,  as  he  often  does,  wet  down  the  mould  before  pull- 
ing out  the  pattern,  so  as  to  keep  the  edges  square ;  and  that,  as  I 
understand  it,  from  Mr.  Keep's  explanation,  Avould  make  the  test 
bar  a  little  stronger  in  one  case  than  another.  You  Avill  notice 
that  the  two  bars  in  the  same  flask  have  very  nearly  the  same 
strength. 

Mr.  Keep. — The  facts  are  these :  I  never  knoAV  what  test  bars  I 
shall  Avant  to  use  for  some  scientific  purpose.  Therefore  everything 
is  done  uniformly,  in  the  tests  I  make.  None  of  the  moulds  are 
tamiKired  Avith.  There  is  no  sponging  of  the  edges.  The  bars 
are  drawn  out  without  rapping,  and  everything  is  uniform.  Tiio 
same  moulder  has  made  me  these  bars  since  1885.  There  never 
has  been  any  change  in  the  man  or  in  the  method.  We  use  the 
sand  as  dry  as  Ave  can.     These  questions,  in  regard  to  the  lack  of 
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uniformitv,  are  the  matters  which  I  want  to  have  broug-ht  before  a 
body  of  men  hke  this,  for  this  reason,  that  foundry  business  is  not 
accurate,  and  you  cannot  make  it  so.  A  mechanical  engineer  in- 
sists upon  accuracy.  They  say  that  we  must  make  our  test  bars 
show  uniform  results  or  else  our  methods  must  be  wrono-.  I  tried 
in  December,  and  I  try  every  time  that  I  have  a  chance  to  speak,  to 
show  that  foundrv  conditions  will  varv :  and  I  brouofht  this  illus- 
tration  here  just  to  show  this  thing — that  here  are  test  bars  made 
identically  the  same,  so  far  as  we  know,  and  yet  there  is  a  wide 
variation  in  strength,  and  the  tests  of  the  committee  will  show 
much  of  the  same  thing.  All  our  bars  have  been  tested  either  by 
Professor  Carpenter  or  by  Professor  Benjamin.  The  reports 
come  back  that  the  fractures  were  perfect,  without  flaws.  I  know 
that  they  were  moulded  in  similar  moulds  ;  they  were  all  tested 
exactl}^  as  they  lay  in  the  mould,  arid,  so  far  as  we  know,  we  have 
avoided  every  error  that  we  could,  and  yet  these  variations  come 
in ;  and  that  is  the  very  thing  I  want  to  impress  on  the  minds  of 
all  these  men  who  work  so  accurately.  A  man  said  to  me  this 
morning,  "Won't  your  coke  vary?"  Of  course,  it  varies  every 
day  ;  the  atmosphere  varies  every  day  ;  our  pig  iron  never  comes 
alike,  and  so  all  the  way  through.  But  we  get  our  results  ver}^ 
nearly  alike ;  we  get  them  so  nearly  alike  that  a  mixture  will  run 
regular  for  sometimes  two  months ;  and  yet  these  variations  may 
occur  any  day. 

Mr.  W,  S.  Rogers. — I  think,  if  Mr.  Barnes  had  spent  a  few 
months  in  a  foundry  he  would  have  discovered  pretty  closely  the 
error  of  the  statement  just  made.  I  do  not  think  the  sand  or  the 
moulder  has  anything  to  do  with  casting  these  test  bars.  I  think 
that  chanofe  came  in  the  metal  before  it  went  into  the  mould — it 
was  in  the  ladle.  I  have  cast  similar  test  bars,  and  cast  them  on 
end.  The  moulder  was  very  careful,  very  accurate,  as  much  so  as 
it  was  possible  to  be  in  foundry  work,  and  I  found  that  same  dif- 
ference :  and  I  have  found  it  not  onlv  in  the  test  bars,  but  in  the 
castings — castings  exactly  alike,  poured  at  the  same  time  out  of 
the  same  ladle.  Cast  iron  is  a  good  deal  like  what  one  of  our  old 
members  said  once  in  regard  to  steel :  "  There  is  a  great  deal 
about  it  we  have  not  discovered  yet." 

Mr.  William  Kent. — I  have  not  noticed  in  any  of  Mr.  Keep's 
papers  any  discussion  of  the  question  that  was  raised  about 
eio-hteen  years  ago,  about  the  third  form  of  carbon  in  cast  iron. 
About  that  time  some  chemists,  Mr.   S.  A.  Ford  of  the  Edgar 
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Thomson  Steel  Compaiiv  and  Mr.  De  Brunner  of  Park  Brothers  & 
Co.,  aiul,  I  think,  some  others,  discovered,  or  thought  they  had 
discovered,  a  third  form  of  carbon  in  certain  cast  irons  ;  that  is, 
when  they  tested  cast  irons  for  combined  carbon  and  graphitic 
carbon  they  would  get  the  usual  results  found  by  the  ordinary 
chemist;  but  when  they  applied  these  tests  to  certain  forms  of 
charcoal  cold-blast  iron,  these  irons  gave  a  different  kind  of  pre- 
cipitate, containing  carbon  and  iron,  and  the  carbon  was  said  to 
be  neither  combined  nor  graphitic,  but  what  they  called  the  third 
form  of  carbon.  And  it  was  found  that  all  irons  that  gave  this 
peculiar  chemical  result  had  peculiar  mechanical  properties — that 
is,  they  were  car-wheel  irons.  'Now,  it  has  been  known  from  time 
immemorial,  almost,  that  certain  irons  in  the  Salisbury  district  in 
Connecticut  and  in  the  Hanging  Rock  district  in  Ohio  have 
I'emarkable  mechanical  properties  not  explained  by  chemical 
analysis,  and  I  regret  that  Mr.  Keep  has  not  got  into  his  paper 
some  discussion  of  this  ancient  work,  showing  the  remarkable 
difference,  both  in  chemistry  and  in  physical  and  mechanical 
properties,  of  the  charcoal  cold-blast  irons  from  these  anthracite 
and  coke  irons.  I  also  regret  that  the  committee  has  not  taken 
u\)  the  researches  made  early  in  cast  irons,  such  as  those  made  by 
Majc^r  AVade  in  1856,  and  those  by  Fairbairn  and  Ilodgins  at  an 
early  date,  in  regard  to  improvement  in  cast  iron  by  re-melting.  I 
think  that  something  could  be  learned  by  reference  to  those  origi- 
nal researches. 

ProfeHHor  JohuHon. — I  would  like  to  speak  to  another  part  of 
this  paper.  First,  in  regard  to  these  cooling  curves,  they  prove, 
to  my  mind,  better  than  anything  I  have  ever  seen  yet,  that  all 
grades  of  steel  are  crystalline  in  structure,  and  all  the  talk  al)Out 
the  cold  crystallization  of  steel  is,  in  my  opinion,  a  misconception. 
I  liave  other  evidence  of  it,  but  this  is  very  good  evidence,  and  if 
!Mr.  Keep  would  take  a  mild  steel  as  low  down  as  one-tenth  of  one 
|)er  cent,  of  carbon  he  would  find  the  same  characteristic  curve. 

Mr.  Keej). — There  is  one,  marked  mild  steel,  in  the  first  chart,  of 
two-tenths  carbon  ;  that  is  pretty  near  it. 

ProffiMHor '/(f/ntson. — Y'ou  still  find  a  sudden  increase  or  retarda- 
tion in  the  contraction  i 

Mr.  Keep. — On  the  last  chart.  Fig.  311,  there  is  a  piece  of  pud- 
dled bar  wliich  shows  a  chanije.  On  Chart  I.  that  which  is 
marked  mild  steel  was  cast  at  the  steel  works  in  this  city ;  that 
container!    twf>-tenths   carbon.     That   shows   it.     That   shows  a 
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retardation,  you  see,  after  about  twelve  minutes.  Then  the 
retardation  continues  for  ten  minutes.  Each  two  of  those  large 
squares  represents  five  minutes  of  time. 

Mr.  Henning. — All  of  those  w^rought  irons  and  cast  irons  show 
these  peculiarities  in  the  crystals  ? 

Professor  Johnson. — All  steel  shows  it.  Wrought  iron  does  not 
show  it. 

Mr.  Henning. — You  do  not  see  it  so  well  on  the  wrought-iron 
curve,  because  it  was  cooled  in  the  air ;  but  if  you  take  a  fore- 
shortened view^  of  that  curve  you  will  see  a  sudden  change  in  the 
character  of  the  curve,  and  that  is  a  plain  indication  that  about 
that  time  a  slight  effect  of  that  kind  is  made  manifest.  But  these 
bars,  having  been  cooled  in  air,  cannot  be  compared  with  the  other 
bars  cooled  in  sand,  because  the  process  is  so  rapid  that  no  dis- 
tinct record  was  obtainable.  But  there  is  no  question  that  with 
this  sudden  change  and  great  change  in  the  curve  the  same  effect 
is  indicated,  only  to  a  much  lesser  degree. 

Professor  Johnson. — I  would  not  understand  that  curve  in  that 
w^ay,  because,  when  the  curve  is  due  to  crystallization,  that  crys- 
tallization begins  and  ends.  When  the  process  of  crystallization 
has  been  completed  there  must  be  a  second  change,  which  reduces 
the  curve  back  to  the  temperature  form.  There  must  be  two 
changes.  AVe  have  a  temperature  form  which  is  a  smooth  curve. 
Xow,  if  we  suddenly  introduce  into  that  curve  another  cause, 
which  begins  suddenly  and  ends  suddenly,  then  after  that  action 
has  ceased  we  again  return  to  the  temperature  curve  which  obtains 
in  all  of  the  steel  curves.  But  in  the  case  of  the  wrought-iron 
curve  we  have  but  one  change,  which  is  simply  a  crook  in  the 
curve,  and,  therefore.  I  should  say  that  might  be  a  change  in  the 
rate  of  cooling,  or  something  of  that  kind,  but  could  not  be  due 
to  this  process  of  crystallization. 

^Jr.  Henning. — I  will  explain.  The  cooling  curve,  due  to 
temperature  alone,  begins  after  the  3d  Expansion,  and  is  then  a 
continued  regular  curve  until  the  bar  is  cold. 

Professor  Johnson. — But  we  must  have  a  cooling  curve  from 
the  start  also. 

2fr.  Henning. — If  this  curve  is  drawn  through  the  initial  point 
it  would  represent  the  true  cooling  curve,  which  is  almost  like  the 
curve  shown  on  Fig.  311,  in  which  case  the  bar  is  cooled  in  air. 
But  the  cooling  process  is  incomplete,  from  two  causes ;  one  is  the 
effect  of  the  sand  on  the  bar,  and  the  other  is  the  effects  due  to 
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the  kind  of  material  dealt  with,  Avhich  obliterate  this  cooling  curve 
due  to  the  temperature  alone.  ]^o\v,  the  bar  produces  a  crook  of 
its  own,  due  to  its  composition,  due  to  the  effect  of  the  absorption 
of  the  heat  by  the  sand,  and  the  resultant  effect  also.  This 
resultant  line  is  shown  by  the  autographic  recorder.  Now,  what 
this  crook  is  we  cannot  say  exactly,  but  we  know  it  is  not  the 
cooling  curve  due  to  temperature  alone,  which  it  would  be  if  a 
perfectly  homogeneous  bar  were  tested  and  allowed  to  cool 
off,  giving  a  true  parabola.  We  do  not  know  w4aat  all  of  these 
curves  indicate,  but  we  do  know  that  this  curve  at  3d  Expan- 
sion is  produced  by  the  total  separation  or  change  of  carbon  in 
the  iron,  because  we  see  that  after  this  point  has  been  reached  it 
has  only  0.06  per  cent,  of  carbon ;  while  previously  the  combined 
carbon  was  0.60.  Evidently  the  combined  carbon  has  been 
separated  out  and  is  in  the  shape  of  graphite ;  while  beyond  that 
point  the  bar  undergoes  no  further  change  in  chemical  composi- 
tion, but  ahvays  contains  0.06  combined  carbon.  The  rest  is 
graphitic  carbon  that  lies  between  the  crystals.  The  last  part  of 
the  curve  is  the  true  cooling  curve  of  the  bar,  regardless  of  chemi- 
cal composition,  indicating  a  mechanical  change  due  to  radiation 
of  heat:  while  the  other  ofrades  of  wrouo^ht  iron  here  show  us 
almost  nothing  but  the  effect  of  dissipation  of  heat ;  the  changes 
take  place  so  rapidly  that  by  the  time  the  bar  was  put  on  the 
machine  probably  the  whole  action,  due  to  separation  of  carbon, 
occurred  w^ithin  a  few  seconds,  and  does  not  show  on  the  diagram 
except  in  the  crook,  after  which  it  changes  into  the  uniform  cool- 
ing curve. 

Professor  Johnson. — The  fact  that  the  wrought  iron  cooled 
rapidly  would  not  cause  it  to  have  a  single  crook  instead  of  two- 
crooks,  would  it  ? 

Mr.  Ilennin/j. — Yes,  it  might.  This  entire  curve  shows  only 
the  latter  part  of  the  curves  obtained  from  cast  bars,  because  very 
rapid  cooling  took  place  before  it  was  possible  to  put  it  on  the 
recorder.  The  tail  end  of  it  alone  was  caught,  because  the  bar 
c^^uld  not  be  got  on  the  machine  quick  enough,  and  the  whole  effect, 
which  is  shown  so  nicely  in  the  cast-steel  bar  on  another  diagram, 
c^^uld  not  be  recorded.  Looking  at  curve  '^Xa  (Fig.  312)  a  change 
will  be  seen  there  between  1^  minutes  and  6|  minutes,  marked  h. 
That  is  the  same  chancre  shown  on  Fi"*.  ''>07,  near  the  12-minute 
ordinate  on  the  larger  curve.  While  curves  31  and  31a,  from  the 
initial   point  down  to  the  l|-minute  ordinate,   and  the  change 
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beyond  this  point,  show  that  there  would  have  been  a  curve  cor- 
responding to  3d  Expansion  if  the  bar  could  have  been  placed 
in  the  recorder  quickly  and  cooled  slowly.  But  still  a  hump,  A, 
is  clearly  shown.  If  a  molecular  change  had  not  taken  place  the 
dotted  curve  c  would  have  been  recorded.     As  it  is,  a  hump  is 


clearly  shown  above  that  line.  The  angle  with  the  horizontal  of 
the  line  tangent  to  the  curve,  after  3d  Expansion,  depends  entirel}^ 
upon  the  rate  of  cooling.  The  quicker  a  bar  cools  the  more  the  line 
will  approach  the  vertical.  This  bar,  31,  cooled  in  air  very  rapidly ; 
hence  the  angle  gives  us  the  rate  of  cooling.  This  angle  indicates 
the  rate  of  cooling  of  the  wrought-iron  bar,  and  is  much  greater 
than  in  the  curve  of  cast  iron  cooled  in  air.     Therefore  I  say  that 
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the  wrought-iron   bar  shows  practically  the   same  thing  as  the 
other  bai's. 

F/'o/essor  Johnson. — It  seems  to  me  that  the  gentleman  has 

proved     my     proposition ; 


and  although  it  is  not  so 
very  important,  I  do  not 
want  it  to  be  understood 
that  I  admit  at  all  the  force 
of  the  argument,  for  the 
wrought-iron  curve  shows 
one  crook  only.  Now,  the 
other  curves  show  the 
effect  of  the  crystallization, 
or  the  change  of  carbon,  or 
Avhatever  it  is,  through  a 
double  curve.  The 
gentleman  claims  that  the 
tirst  curve  upward  they 
lost,  and,  therefore,  if  they 
got  any  at  all,  they  should 
have  obtained  the  curve 
downwards.  The  only 
thing    they    did     iret    on 


get 
the  wrought  iron  is  the 
upward  curve.  There  is 
no  crook  beyond  that 
point;  from  there  on  it  is 
a  cooling  curve.  Beyond 
this  point  there  is  no  crook 
in  any  of  the  curves.  They 
are  regular  cooling  curves 
from  that  point  on.  There- 
fore I  cluim  that  the  curve 
upward  which  they  caught 
can  in  nowise  be  confused 
with  the  second  or  down- 
ward curve  on  the  steel 
diai^-rams.  It  is  of  alto- 
getliora  difT(.'rent  cljaracter.  It  may  be  confused  with  the  first  or 
upward  curve  of  tlie  steel,  but  if  this  action  is  due  to  size,  or  to 
chemical  or  crystallization  change,  then  it  begins  and  ends,  and 
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when  it  has  ended  the  contraction  curve  returns  to  the  form  due 
to  the  change  of  temperature,  and  therefore  I  think  this  is  anoma- 
lous with  reference  to  these  steel  curves,  and  cannot  be  explained 
in  the  same  way. 

2fr.  Keej). — Fig.  313  is  from  a  photograph  of  the  fractures  of 
the  l"a  bars,  numbered  19  to  36,  referred  to  on  pages  1123  and 
1121.  The  central  part  of  the  fracture  of  bars  20,  21,  and  25 
became  blue  soon  after  the  fresh  fracture  was  made,  which  ac- 
counts for  the  dark  color.  As  described  before,  the  fractures  do 
not  vary  as  much  as  the  iron  must  have  varied  at  the  instant 
that  each  bar  was  thrown  into  the  ice  water. 

I  regret  that  I  have  not  been  able  to  duplicate  curve  31,  on 
Chart  YI.,  to  determine  the  cause  of  the  change  in  the  direction 
of  the  curve,  and  whether  this  puddled  iron  was  at  all  crystalhne. 

I  do  not  think  that  we  should  draw  any  conclusions  from  this 
isolated  case.  I  introduced  it  to  bring  out  strongly  the  influence 
of  carbon  on  the  crystalline  structure  of  steel. 
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TESTS     OF    A     COMBINED     ELECTRIC    LIGHT    AND 
ELECTRIC  RAILWAY   CENTRAL    STATION. 

BY  DUGALD  C.  JACKSON  AND   ARTHUR  W.   RICHTKR. 

The  central  station  of  the  Four  Lakes  Light  and  Power  Com- 
pany supplies  the  power  for  the  electric  lighting  of  Madison, 
Wis.,  and  also  supplies  power  for  the  Madison  City  Eailway. 
The  station  is  situated  on  the  bank  of  Lake  Monona,  in  a  fairly 
central  location  (Fig.  314). 

The  boiler-room  contains  two  return  tubular  boilers,  rated  at 
110  horse-power  each,  and  one  Stirling  boiler  of  200  horse-power 
capacity.  The  engine-room  is  equipped  with  three  Eussell  com- 
pound engines,  two  Davidson  jet  condensers,  and  two  David- 
son feed-pumps. 

Engine  No.  1,  380  horse-power  capacity,  is  belted  to  the  main 
sliaft,  from  which  are  run  four  Thomson-Houston  arc-light  ma- 
chines, each  of  which  has  a  capacity  of  fifty  1,200  candle-power 
lamps,  and  one  Westinghouse  alternator  of  750  lights  capacity. 
Two  other  alternators,  a  Slattery  and  a  Thomson-Houston,  are 
also  installed  but  are  to  be  removed. 

Engine  No.  2,  190  horse-power  capacity,  is  used  for  running 
the  railway  generators.  These  are  two  90  K.  W.  General  Electric 
machines  of  500  volts,  180  amperes,  speed  650,  and  are  belted 
tandem  fashion  from  the  fly-wheel  of  the  engine.  A  third  tan- 
dem belt  from  the  same  fly-wheel  runs  over  a  clutch  pulley  on 
the  main  shaft,  and  the  shaft  can  therefore  be  driven  from  this 
engine  when  desired.  The  two  generators  are  connected  to  the 
same  bus-bars,  and  supply  power  for  the  operation  of  the  Madi- 
son Street  Railway,  and  for  a  number  of  stationary  motors  which 
are  connected  to  a  special  power  circuit  run  out  from  the  bus- 
bars. Both  of  the  above  engines  are  connected  to  one  of  the 
Davidson  condensers. 

Engine  No.  3,  400  horse-power  capacity,  is  directly  connected 

*  Presented  at  the  Detroit  meeting  (June,  1895)  of  tlie  American  Society  of 
Mecliaiiical  EngineerH,  and  forming  part  of  Volume  XVI.  of  the  Transactiom. 
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to  a  300  K.  W.  ''  Monocylic "  alternator,  and  condenses  into 
another  Davidson  condenser  and  air-pump.  The  alternating  cur- 
rent output  of  the  station  is  used  exclusively  for  incandescent 
lighting. 

Engine  Dimensions. 
Nos.  1  and  3. 

Stroke,  24  inches. 

Diameter  of  high-pressure  cylinder,  15  inches. 

Diameter  of  low-pressure  cylinder,  24  inches. 

Diameter  of  high-pressure  piston-rod,  crank  end,  3  inches. 

Diameter  of  liigh-pressure  piston-rod,  head  end,  2f  inches. 

Speed,  engine  No.  1,  134  revolutions  per  minute. 

Speed,  eogine  No.  3,  152  revolutions  per  minute. 
No,  2,  railway  engine. 

Stroke,  20  inches. 

Diameter  of  high-pressure  cylinder,  13  inches. 

Diameter  of  low-pressure  cylinder,  20  inches. 

Diameter  of  high-pressure  piston-rod.  crank  end,  2f  inches. 

Diameter  of  high-pressure  piston-rod,  head  end,  2J  inches. 

Speed,  133  revolutions  per  minute. 

The  station  is  operated  by  one  engineer  and  one  fireman  from 
midnight  until  noon,  and  by  one  fireman,  one  head  engineer,  and 
one  assistant  from  noon  until  midnight,  and  one  oiler  from  6  P.M. 
until  12  P.M.,  making  a  total  of  six  station  employees  for  the 
24  hours'  run.  Each  24  hours  during  the  week,  current  is  fur- 
nished to  the  electric  railway  and  power  circuits  for  17.5  hours, 
and  to  the  alternating  current  circuits  for  23.5  hours,  except 
on  Sunday,  when  the  alternators  are  shut  down  for  an  additional 
12  hours.  Current  for  arc  lighting  is  supplied  principally 
between  the  hours  of  dusk  and  midnight,  though  certain  arc-light 
circuits  are  operated  all  night. 

This  station  is  one  of  that  type,  so  well  known  to  electrical 
engineers,  which  has  grown  to  considerable  proportions  from  a 
small  and  poorly  conceived  beginning,  and  which  therefore  may 
be  said  to  suffer  through  its  own  growth.  During  the  past  two 
or  three  years  it  has  been  quite  thoroughly  overhauled,  and  its 
physical  condition  has  been  greatly  improved,  but  only  at  the 
expense  of  a  considerable  addition  to  the  capital  account.  The 
results  of  the  test  which  are  given  may  be  taken  to  represent 
results  fully  equal  to  those  obtained  by  the  average  electric  sta- 
tion in  our  cities  of  the  smaller  size.  (Madison  has  15,000  inhabi- 
tants.) This  statement  will  doubtless  be  viewed  with  surprise 
by  the  numerous  members  of  this  Society  who  are  experts  in 
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A,  arc-lig-ht  dynamos  ;  B,  Westinghouse  alternator  ;  (7,  Monocyclic  alterna- 
tor ;  Z),  railway  generators ;  E^  electric  light  switch-board  ;  F^  electric  rail- 
way switch-board  ;  GG,  condensers  and  pumps  ;  U,  feed  pumps  ;  /,  oil  room  ; 
K,  return  tubular  boilers  ;  L,  Stirling  boiler  ;  J/,  hot  wells  ;  1,  3,  3,  Russell 
engines. 

Fig.  314. 


steam  engineering,  and  wlio  carry  continually  before  their  eyes 
the  remarkay)le  economy  obtained  in  pumping  plants ;  but  that 
the  statement  is  fully  borne  out  by  the  facts  will  be  affirmed  by 
every  electrical  engineer  of  experience. 

The  object  of  the  test  recorded  in  this  paper  was  to  determine 
the  efficiencies  of  the  boilers,  engines,  and  generators  under 
actual  operating  conditions,  nothing  having  been  done  either 
before  or  during  the  test  to  change  the  conditions  from  those 
occurring  in  the  regular  daily  run.  All  the  data  required  was 
obtained  and  recorded  entirely  independent  of  the  regular 
employees,  who  were  required  to  attend  to  the  operation  of  the 
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station,  exactly  as  is  done  day  after  day  and  week  after  week.  A 
trial  test  of  four  hours'  duration  was  made  beforehand,  in  order 
to  familiarize  the  observers  with  their  work  and  to  ascertain 
whether  all  the  arrangements  were  well  conceived.  All  reason- 
able precautions  were  used  to  make  the  data  obtained  reliable, 
and  all  instruments  were  supplied  from  the  laboratories  of  the 
University  of  Wisconsin,  and  were  compared  with  the  laboratory 
standards.  All  electrical  instruments  used  were  calibrated  by 
means  of  a  Kelvin  standard  balance.  The  steam-pressure  gauges 
and  indicator  springs  were  standardized  by  comparison,  while 
hot,  with  a  mercury  column.  The  scales,  thermometers,  etc., 
were  tested  for  accuracy  by  comparison  with  proper  standards. 
The  test  began  at  6  a.m.  Monday,  when  the  engines  started  up 
for  the  day,  lasting  until  5.30  a.m.  Tuesday,  when  the  engines 
stopped  for  their  half-hour  breathing  spell,  and  may  be  consid- 
ered successful,  as  nothing  more  serious  than  the  occasional 
breaking  of  an  indicator  cord  occurred  to  interfere  with  the 
results.  Four  of  the  observers,  one  having  general  supervision  of 
the  test,  another  overseeing  the  weighing  of  the  coal,  another  the 
weighing  of  the  water,  and  a  fourth  having  charge  of  the  calo- 
rimeter tests,  were  on  duty  through  the  entire  run.  These  four 
men,  Messrs.  Burgess,  Frankenfield,  Mead,  and  Crane,  were  mem- 
bers of  the  senior  class  in  electrical  engineering  in  the  University 
of  Wisconsin,  and  handled  their  work  excellently.  They  were 
assisted  by  a  certain  number  of  experienced  student  observers, 
-about  twenty  in  all,  who  were  required  to  read  the  various  am- 
pere meters  and  volt  meters,  take  indicator  cards,  etc.  The  test 
was  generally  supervised  by  two  of  the  assistant  professors  of 
the  university.  During  the  whole  of  the  test  the  station  pre- 
sented no  confusion,  but  was  operated  with  the  usual  systematic 
regularity. 

TESTS. 

The  coal  was  weighed  as  it  was  brought  into  the  boiler-room. 
The  water-level  and  steam  gauges  were  kept  as  nearly  constant 
as  practicable,  and  at  the  close  of  the  test  the  water  in  the  Stirling 
boiler  was  at  the  original  level,  while  in  one  of  the  return  tubular 
boilers  it  was  1.5  inch  above  the  string,  and  in  the  other  a  little 
over  an  inch  below  it,  so  they  were  considered  as  practically  at 
the  same  level.  The  Stirling  boiler  was  in  use  during  the  entire 
run,  and  at  4.45  p.m.  and  at  5.45  p.m.  the  two  tubular  boilers 
73 
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Tvere  suceessiyely  cut  iu  and  were  shut  off  again  and  the  fires 
banked  at  12.35  a.m.  The  coal  used  in  getting  these  boilers  up 
to  pressure  (nearly  500  pounds)  was  not  counted  as  parrt  of  the 
coal  consumption  in  the  computed  results. 

Calorimeter  tests  of  the  steam  were  made  every  hour  at  the 
boilers,  and  as  frequently  as  possible  at  the  engines,  while  in  ser- 
vice. Throttling  calorimeters  were  used,  except  at  the  railway 
engine,  during  the  day-time,  where  there  was  so  much  water 
present  that  the  throttling  calorimeter  could  not  be  used,  and  a 
separating  calorimeter  was  resorted  to.  The  poor  quality  of  the 
steam  at  the  engines  was  due  to  the  arrangement  and  condition 
of  the  steam  mains.  Engine  No.  2  received  the  drain  of  the 
greater  portion  of  the  system.  The  steam-pipe  was  connected 
to  the  under  side  of  the  main  and  was  uncovered  at  the  time  of 
the  test.  The  pipe  leading  to  engine  No.  3  was  also  uncovered, 
and  as  the  pipe  is  of  considerable  length  the  condensation  is 
considerable,  while  the  valve  provided  to  cut  the  steam  from 
that  pipe  during  the  period  when  the  engine  is  idle  was  not  made 
use  of.  The  pipe  leading  to  engine  No.  1  was  covered,  but  no 
provision  was  made  to  cut  the  steam  from  that  pipe  when  the 
engine  was  not  running. 

The  water  was  measured  by  means  of  two  tanks  placed  on 
scales.  Both  feed-pumps  were  put  into  use,  one  as  an  auxiliary, 
to  pump  the  water  from  the  hot  well  into  the  tanks,  and  the 
other  to  feed  the  boilers.  The  latter  pump  communicated  with 
the  tanks  by  two  branches  of  piping  connected  by  a  three-way 
cock,  and  a  hose  was  attached  to  the  other  pump,  so  that  one  of 
the  tanks  was  filled  while  the  other  was  being  emptied.  The 
exhaust  pipe  of  the  regular  feed-pump  was  connected  to  the 
vacuum  of  the  condenser,  and  the  steam  consumption  was 
figured  from  cards  taken  at  frequent  intervals,  the  number  of 
strokes  being  recorded  on  a  continuous  recorder.  The  steam 
consumption  of  the  auxiliary  pump  was  ascertained  by  running 
the  exhaust  into  a  small  surface  condenser  furnished  from  the 
university  hilioratory,  by  wliich  means  the  condensed  water  was 
collected  and  allowance  made  therefor. 

The  railway  engine.  No.  2,  was  started  at  6  a.m.  and  continued 
running  until  11.10  p.m.  During  the  day,  from  6  A.M.  until  6.30 
P.M.,  this  engine,  besides  driving  the  two  railway  generators, 
drove  the  main  shaft,  to  which  a  Westinghouse  alternator  was 
lielted,  supplying  the  day  demand  on  the  incandescent  circuit. 
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This  engine  was  indicated  every  five  minutes,  indicators  made  by 
Dreyer,  Eosenkranz,  and  Droop,  of  Hanover,  Germany,  being  used 
on  the  low-pressure  cylinder,  and  Tabor  indicators  on  the  high- 
pressure  cylinder.  These  indicators  were  supplied  with  electro- 
magnetic devices  for  taking  the  four  cards  simultaneously  on 
closing  a  switch,  the  current  being  supplied  from  storage  cells. 
Friction  cards  were  taken  upon  starting  up  with  the  generator 
fields  excited  and  again  with  the  field  circuit  broken.  The  speed 
was  obtained  by  means  of  a  continuous  revolution  counter.  Two 
ampere  meters  through  which  the  current  supplying  the  rail- 
way feeders  passed,  one  ampere  meter  on  the  power  circuit,  and 
a  volt  meter  giving  the  dynamo  pressures,  were  read  every  half- 
minute.  The  condenser  pumps  were  indicated  at  half-hour 
intervals  and  the  speeds  were  taken. 

At  6.10  p.:m.  the  arc-light  engine,  No.  1,  was  started  and  con- 
tinued running  until  5.30  a.m.  At  the  same  time  the  direct  con- 
nected engine,  No.  3,  was  set  running,  and  the  supply  for  the 
incandescent  circuit  was  changed  from  the  Westinghouse  machine 
to  the  "  Monocylic  "  alternator.  The  railway  engine.  No.  2,  now 
no  longer  drove  the  main  shaft,  but  the  belt  ran  over  a  loose 
pulley  on  the  shaft.  The  arc-light  engine.  No.  1,  was  indicated 
every  fifteen  minutes,  and  the  direct-connected,  No.  3,  every  ten. 
minutes,  and  the  speed  obtained  from  continuous  revolution 
counters.  Friction  cards  were  taken  both  before  and  after 
the  run.  The  current  of  the  arc  machines  was  measured  by  a 
"Weston  ampere  meter,  and  the  voltage  was  obtained  by  a 
Weston  volt  meter  in  series  with  a  high  resistance,  the  appa- 
ratus being  placed  as  far  from  the  machines  as  possible  to  avoid 
any  disturbance  which  might  be  caused  by  stray  magnetism. 
Ampere  meter  and  volt  meter  readings  for  the  Westinghouse. 
alternator  were  taken  everv  fifteen  minutes,  and  the  "  Monocvclic ' ' 
output  was  taken  by  five-minute  readings.  The  power  factor  of 
the  load  on  each  of  the  machines  was  ascertained  by  means  of  a 
station  watt  meter,  loaned  by  the  General  Electric  Company. 

There  can  be  no  question  in  regard  to  the  reliability  of  the 
results  averaged  from  readincrs  taken  as  often  as  was  done  in  this- 
test,  except  in  the  case  of  the  railway  machinery.  Tt  is  still  an. 
open  question  as  to  the  best  method  of  determining  the  average 
power  developed  by  an  electric  railway  engine  ;  but  the  results 
of  considerable  experience  with  electric  railways  on  the  part  of 
one  of  the  authors  makes  us  feel  certain  that  results  are  obtain- 
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able  by  the  arrangements  which  were  used  in  this  test,  which 
are  as  accurate  as  those  obtainable  by  any  method  yet  set  forth. 

Results  op  Test. 
Boiler  efficiency. 
Quality  of  steam. 

Stirling,  G  a.m.  lo  (5  p.m.,  99.2  per  cent. 

6  P.M.  to  5.80  A.M.,  99.7  per  cent. 

Return  tubular  boiler  No.  1,  4.45  P.M.  to  12.30  a.m.,  97.3  per  cent. 
No.  2,  5.45  P.M.  to  12.80  A.M.,  98.5  per  cent. 

Total  average,  98.8  per  cent. 
Average  pressures  : 

Steam,  89.5. 

Barometer.  29  inches. 

Draught  (inclies  of  water),  .8. 
Average  temperatures  : 

External  air,  46.2  degrees  Fahr. 

Boiler-room,  58.9  degrees  Fahr. 

Escaping  gases,  422  degrees  Falir. 

Temperature  of  hot  well,  82.24  degrees  Fahr. 

Temperature  of  feed-water,  123.5  degrees  Fahr, 
Factor  of  evaporation,  1.119. 
Water  pumped  into  boilers,  102,349  pounds. 

Equivalent  evaporation  from  and  at  212  degrees,  114,508  pounds. 
Total  amount  of  coal  burned,  17,103  pounds. 
Total  ash,  1.871  pounds. 
Total  combustible,  15,232  pounds. 
Per  cent,  ash,  10.9  per  cent. 

Water  evaporated  per  pound  of  coal,  5.98  pounds. 
Water  evaporated  per  pound  of  combustible,  6.72  pounds. 

Equivalent  evaporation   from  and   at  212  de^Tees,   per   pound    of    coal,   6.69 
pounds. 

Equivalent  evaporation  from  and  at  212  degrees,   per  pound  of  combustible, 
7.52  pounds. 

Steam  used  in  throttling  calorimeters,  385.7  pounds. 
Steam  used  in  separating  calorimeter,  35.07  pounds. 

Total,  420.8  poand.s. 
Steam  used  by  feed-pumi)S,  as  figured  from  indicator  cards,  from  6.00  a.m.  to 
6.00  P.M.,  538.5  pounds.     From  6.00  p.m.  to  5.80  A.M.,  472.3  pounds. 

Total,  1.010.8  pound.s. 
Steam  used  by  auxiliary  pump,  449  pounds. 
Steam  to  be  charged  to  engines,  100,469  pounds. 
Engine  etficien<;y. — No.  2,  railway  engine;  6.00  a.m.  to  6.00  p.m.: 

Average  I.  *H.  P.,  117.5. 

a.  P.,  hours,  1,410. 

Average  watts  output,  69,200,  equals  92.8  E.  H.  P. 

Watt  hour.-,  830,387. 

Average  E.  II.  P.  divided  by  average  I.  II.  P.  e(iuals  78.9  per  cent. 

Coel  conftumed  in  12  hours,  7,550  poundw. 

Per  cent,  ash,  9.9  per  cent.,  equals  750  pounds. 
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Combustible,  6,800  pounds. 

Water  pumped  into  boilers.  43,172  pounds. 

Steam  consumed  by  pumps  and  calorimeters,  891  pounds. 

Water  charged  to  engine,  42,281  poundtJ. 

Water  per  I.  H.  P.  per  hour,  30.0  pounds. 

Coal  per  I.  H,  P.  per  hour.  5,35  pounds. 

Combustible  per  I.  H.  P.  per  hour,  4.82  pounds. 

Quality  of  steam,  95.7  per  cent. 

Moisture  in  steam,  4.3  per  cent. 

Dry  steam  used  by  engine,  40,460  pounds. 

Dry  steam  per  I.  H.  P.  per  hour,  28.7  pounds. 

Watt  hours,  per  pound  of  coal,  109.9. 

Watt  hours,  per  pound  of  combustible,  122.1. 
Station  efficiency. 

6.00  A.M.  to  5.30  A.M.,  23.5  hours. 

Average  I.  H.  P.,  for  23.5  hours,  160.5. 

Maximum  E.  H.  P.,  350.4. 

Average  E.  H.  P.,  117.9. 

Average  watts  for  23.5  hours,  87,946,  which  is  2,066,729  watt  hours. 

Average  E.  H.  P.  divided  by  average  I.  H.  P.,  73.4  percent. 

Load  factor  for  24  hours,  32.4  per  cent. 

Coal  consumed,  17,103  pounds. 

Combustible,  15,232  pounds. 

Water  pumped  into  toilers  and  charo:ed  to  plant  after  subtracting  that  used 
by  calorimeters  and  auxiliary  pump,  101.479  pounds. 

Steam  evaporated  and  charged   to  engines  after  subtracting  that  used  by 
calorimeters  and  feed-pumps,  100,470  pounds. 

Water  pumped  into  boilers  per  engine  I.  H.  P.  hour,  27  pounds. 

Coal  per  engine  I.  H.  P.  hour,  4.5  pounds. 

Combustible  per  engine  I.  H.  P.  hour,  4.0  pounds. 

Watt  hours  per  pound  of  coal,  121. 

Watt  hours  per  pound  of  water,  20.4. 

.Average  quality  of  steam,  railway  engine,  96.2  per  cent. 

Average  quality  of  steam,  arc-light  engine,  97.1  per  cent. 

Average  quality  of  steam,  Monocyclic  engine,  97.8  per  cent. 

Average.  96.8  per  cent. 

Dry  steam  used  by  engines,  97,214  pounds. 

Dry  steam  per  engine  I.  H.  P.  hour,  25.8  pounds. 

Average  I.  H.  P.  of  condenser  pump  No.  1,  2.62. 

Average  I.  H.  P.  of  condenser  pump  No.  2,  1.96. 

Horse-power  hours  of  condenser  pump  No,  1,  61.6. 

Horse-power  hours,  pump  No.  2,  9.8. 

Friction  load  of  engine  No.  1,  22.4  with  shaft. 

Friction  load  of  engine  No.  2,  12.2  without  shaft. 

Friction  load  of  engine  No.  3,  22.5. 

Total  friction  load,  57.1  I.  H.  P.  =  11.8  per  cent,  of  maximum  I.  H.  P. 

CONCLUSIONS. 

The  principal  results  of  the  tests  are  shown  graphically  in  the 
accompanying  figures.     Fig.  314  shows  the  general  arrangement 
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of  the  plant ;  Fig.  315,  the  indicated  horse-power  of  the  railway 
engine  during  the  day;  Fig.  316,  the  indicated  and  electrical 
horse-powers  of  the  railway  plant  during  one  hour  ;  Fig.  317 
shows  the  indicated  horse-power  of  the  arc-light  engine  and  the 
electrical  output  of  the  dynamos  driven  from  it ;  Fig.  318  shows 
the  same  thing  for  the  direct-connected  engine.  In  Fig.  319  the 
full  line  shows  the  total  indicated  horse-power  developed  in  the 
station  during  the  test,  while  the  differently  shaded  areas  show 
the  part  played  by  each  of  the  three  engines.  Fig.  320  shows  the 
variation  of  the  steam-gauge  reading  during  the  test ;  the  corre- 
sponding corrected  pressures  are  seven  pounds  lower.  During 
the  period  of  lightest  load  the  steam  pressure  is  ordinarily  car- 
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ried  about  15  pounds  lower  than  the  full  load  pressure,  in  order 
to  keep  the  engines  at  a  fairly  economical  cut-off. 

During  the  past  three  years  several  papers  have  been  read 
before  this  Society  dealing  with  the  operation  of  electric  railway 
stations,  but  no  authoritative  records  appear  which  cover  the 
operation  of  the  average  small  station  which  combines  in  one 
the  requisite  plant  for  electric  lighting  and  electric  railway  ser- 
vice. The  individual  action  of  engines,  dynamos,  and  auxiliary 
apparatus,  under  the  conditions  here  met  with,  is  so  well  known 
that  it  is  thought  best  by  the  authors  not  to  burden  this  paper  by 
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indicator  cards  of  well-known  forms,  or  by  long  tabular  records. 
We  wish,  rather,  to  call  attention  to  certain  points  which  bear 
with  somewhat  startling  force  upon  the  expense  of  operating  these 
combined  stations.  It  has  usually  been  considered  that  combi- 
nation stations  may  be  operated  at  much  less  total  expense  than 
is  required  for  the  operation  of  two  small  stations  when  the 
ligliting  and  railway  plants  are  separate.  Tliis  question  may  be 
considered  under  four  heads.  First,  station  labor  ;  second,  fuel 
economy ;  third,  superintendence  ;  fourth,  fixed  charges. 

1.  In  regard  to  station  labor,  the  plant  under  consideration 
(which  we  will  call  the  Four  Lakes  Plant)  probably  could  not  be 
improved,  and  if  the  lighting  and  railway  divisions  were  sepa- 
rated, not  less  than  seven  men  would  be  required  where  five  men 
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are  now  employed,  and  the  labor  account  would  be  proportionally 
larger  for  two  stations  than  for  one. 

2.  The  fuel  economy  of  the  Four  Lakes  Plant  is  fully  equal  to 
that  of  the  average  medium-sized  plant,  but  it  is  probably  no  bet- 
ter than  would  be  given  by  similar  engines  and  other  machinery 
in  separate  plants.  The  coal  used  during  the  test  was  a  mixture 
of  Indiana  block,  costing  $3.35  per  ton,  and  Illinois  coal,  costing 
$2.72  per  ton.  The  evaporation  shown  by  the  boilers  was,  on 
the  whole,  excellent,  considering  the  kind  of  coal  used  and  the 
fact  that  the  boilers  icere  in  regular  service  condition.  The  fuel 
economy  of  the  Four  Lakes  Plant  could  be  improved  by  several 
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minor  changes ;  this  is  especially  true  in  regard  to  the  arrange- 
ment of  the  dynamos,  which  now  require  the  countershaft  to  be 
unnecessarily  run  all  day,  and  in  regard  to  the  piping,  which 
might  be  readily  changed  to  deliver  better  steam.  (Some  of 
these  changes  have  already  been  made  since  the  test.)  But 
these  changes  would  not  give  the  combined  plant  any  advan- 
tage over  the  separate  plants.  Better  fuel  economy  would  also 
be  obtained  by  closer  attention  to  the  details  of  operation  than 
is  given  in  this  plant,  but  the  watt  hours  developed  per  ])ound 
of  coal  and  per  pound  of  water  compare  favorably  with  the 
reports  of  the  National  Electric  Light  Association  for  similar 
stations. 

3.  The    question  of   superintendence    requires    consideration 
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from  two  sides ;  first,  where  the  railway  and  light  companies 
are  independent,  and  the  latter  sells  power  to  the  former ;  and, 
second,  where  one  company  controls  both  industries.  In  the 
first  case,  no  saving  is  made  in  office  force  or  superintendence 
bv  combining  the  stations ;  but,  in  the  second  case,  a  saving  is 
doubtless  effected  by  the  combined  plant. 

4  The  preceding  divisions  give  little  clew  to  the  best  solution 
for  the  electric  plants  of  the  smaller  cities,  and  we  must  find  the 
solution  in  this  division.  The  fixed  charges  which  may  be 
rightfully  considered  as  belonging  to  the  station  account  depend 
upon  the  cost  of  real  estate,  buildings,  and  the  machinery  in 
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Fig.  319. 

place.  The  first  two  items  are  undoubtedly  increased  to  some 
degree  in  the  separate  plants,  but  not  so  largely  as  might  be 
imagined,  since  the  running  machinery  for  the  two  classes  of 
service  must  be  entirely  independent.  It  is  practically  impossi- 
ble for  any  engine  to  drive  the  extremely  variable  load  of  an 
electric  railway  and  regulate  with  sufficient  accuracy  to  give 
satisfaction  when  driving  dynamos  for  electric  lighting;  and, 
since  the  underwriters  have  taken  the  matter  in  their  hands,  it 
is  not  permissible  in  most  places  to  operate  stationary  motors 
from  railway  circuits,  on  account  of  the  fire  risk  involved  in 
introducing  grounded  circuits  into  buildings.  On  account  of 
this  separation  of  the  two  classes  of  machinery  the  real  estate 
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ami  buildings  required  for  combined  railway  and  lighting  plants 
must  be  larger  than  would  be  necessary  for  either  a  simple 
lighting  plant  or  a  simple  railway  plant  of  a  capacity  equal  to 
the  combined  plant. 

The  comparison  of  the  load  factors  of  separate  and  combined 
plants  throws  no  particular  light  on  this  question.  Thus,  in  the 
Four  Lakes  station,  the  24  hours'  engine  load  factor  for  the 
railway  machinery,  plus  the  day  alternator,  is  88.2  per  cent.  For 
the  arc-light  machinery  alone  it  is  25.6  per  cent. ;  for  the  direct- 
connected  alternating  machine  it  is  14.56  per  cent.  The  total 
load  factor  of  the  station  is  32.4  per  cent.  The  term  "  engine 
load  factor  "  is  used  here  in  its  usual  signification,  of  the  ratio 
between  the  actual  indicated  horse-power  hours'  output  of  the 
station  and  the  output  which  would  be  produced  were  the 
station  run  continuously  at  its  maximum  indicated  load.  Now, 
upon  separating  the  lighting  and  railway  outputs,  we  still  have 
the  railway  load  factor  about  38.2  per  cent,  and  the  lighting 
load  factor  becomes  about  23  per  cent.  Practically  the  same 
amount  of  boiler  power  is  required  in  the  combined  stations  as 
in  the  separate  stations,  and  exactly  the  same  plant  in  engines 
and  dynamos  is  required  in  the  two  cases.  The  boilers,  en- 
gines, and  dynamos  are  each  run  at  about  equal  average  loads 
in  the  two  cases,  and  the  efficiencies  are  not  materially  different. 

We  therefore  make  the  following  gains  by  combining  the 
electric  lighting  and  railway  plants  of  small  cities  into  one 
station.  First,  a  fair  amount  in  the  labor  account ;  second,  a 
small  amount  in  the  real  estate  and  building  account.  The 
gains  are  not  nearly  so  great  as  are  sometimes  asserted,  nor  are 
they  comparable  in  magnitude  to  those  which  result  from  the 
combination  of  two  small  electric  light  stations  in  one,  or  two 
small  electric  railway  stations  in  one,  since,  in  the  latter  cases, 
one  economical  plant  of  machinery  may  be  used  to  do  the  work 
of  two  smaller  and  less  economical  plants.  When  a  railway  and 
a  lighting  station  are  combined,  we  are  forced  by  the  conditions 
to  use  separate  machinery  (excepting  boilers)  for  the  two  classes 
of  service. 

DISCUSSION. 

Mr.  Win.  Kent. — I  wish  to  take  excej)tion  to  the  statement  in 
the  last  three  lines  of  the  paper  :  "  When  a  railway  and  a  lighting 
.station  are  combined,  we  are  forced  by  the  conditions  to  use  sepa- 
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rate  machinery  (excepting  boilers)  for  the  two  classes  of  ser- 
vice." That  may  be  so  to-day,  but  I  think  it  is  not  hkely  to  be 
so  in  the  future.  One  engine  can  drive  an  electric  generator,  and 
after  you  have  got  your  electric  current  you  can  do  anything 
you  please  with  it  by  transforming  it  up  or  down,  and  use  it  either 
for  lighting  or  railway  service. 

Mr.  Jesse  M.  Smith. — That  is  possibly  true  just  now  in  some 
places,  or  it  may  be  generally  true  in  the  future,  as  Mr.  Kent  has 
said.  But  at  the  present  time  I  do  not  know  of  any  electric 
railway  generator  or  any  engine  which  can  govern  close  enough 
to  produce  satisfactory  arc  lights  or  incandescent  lights  ^nd  cur- 
rent for  electric  railwavs  at  the  same  time,  with  the  same  endnes 
and  with  the  same  generators,  particularly  when  the  current  is 
distributed  by  the  same  mains. 

3Ir.  Albert  Stearns. — I  desire  to  say  that  there  is  a  line  of  rail- 
way where  they  are  doing  that.  They  are  getting  the  current 
right  here  near  Detroit,  between  the  Eiver  Rouge  and  Trenton. 
At  Trenton  they  are  taking  off  incandescent  lights  from  the  wire 
on  which  the  trolley  runs. 

Mr.  Jesse  M.  Smith. — I  would  like  to  say  to  the  gentleman  that 
that  is  the  plant  which  I  tested  and  that  is  reported  in  my  paper 
read  at  the  Montreal  meeting.  In  this  plant,  although  the  speed 
of  the  engine  is  remarkably  uniform,  the  electric  lighting  cannot 
be  considered  commercially  satisfactory. 

Mr.  George  B.  Stetson. — I  would  say  that  I  have  had  a  little 
experience  of  that  kind,  driving  a  line  of  six  cars,  and  we  did 
most  of  the  Avork  with  one  engine,  and  carried  our  day  lighting 
load  and  the  cars  with  economy  and  fair  satisfaction.  The  day 
lighting  is  not  as  critically  considered  as  the  evenmg  lighting, 
being  more  generally  in  places  where  the  requirements  are  not 
so  exacting ;  but  we  did  get  along  fairly  for  a  couple  of  years 
with  an  Ide  engine  of  150  horse-power  connected  with  an  80 
kilowatt  generator,  running  our  belts  double  and  running  the 
Edison  SA^stem  on  the  same  engine,  and  we  made  money  by  it,  and 
did  not  receive  from  the  public  an  undue  amount  of  criticism,  I 
think,  as  Mr.  Kent  says,  that  in  a  small  installation  of  this  kind 
one  engine  should  be  required  to  do  both  the  power  and  lighting, 
in  order  to  make  a  paying  investment  of  such  enterprises. 

Mr.  C.  B.  Rearich. — In  reply  to  Mr.  Kent's  remarks  I  wish  to 
say  that  the  Brooks  Locomotive  Works  recently  installed  a  plant, 
consisting  of  two  generators  and  two  engines,  each  direct  con- 
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nected,  one  of  approximately  200  horse-power  and  the  other  100. 
Both  generators  operate  at  220  volts  pressure,  the  larger  furnishing 
570  amperes,  and  the  smaller  310  amperes.  We  run  arc  and  in- 
candescent lights  and  power  from  either  generator.  The  load  on 
the  generator  usually  consists  of  arc  and  incandescent  lamps  and 
necessary  power  for  three  large  travelling  cranes,  one  large  trans- 
fer table,  several  motors  applied  separately  to  machine  tools,  etc., 
and  motors  on  lines  of  shafting. 

This  system  decreases  the  cost  of  a  plant  and  the  floor  space 
required.  The  two  engines  and  generators  and  switchboard  cover 
a  space  20  by  50  feet. 

Prof.  W.  F.  M.  Qoss. — A  question  of  considerable  interest  is 
that  of  the  cost  of  electric  traction,  as  compared  with  the  cost  of 
ordinary  locomotive  traction.  In  this  test,  reported  by  Professor 
Jackson,  I  notice  that  the  coal  consumption  is  5.35  pounds  per 
indicated  horse-power  per  hour,  which  must  be  considered  high 
for  a  locomotive  under  favorable  conditions.  The  minimum  con- 
sumption for  a  simple  locomotive  may  be  taken  as  but  a  trifle 
over  4  pounds. 

Mr.  George  I.  Eockwood. — In  a  recent  issue  of  a  technical 
journal  it  was  suggested  by  a  correspondent  that  usually,  in  elec- 
tric stations  of  small  size,  the  boilers  show  as  good  an  economy 
as  could  be  expected,  but  that  the  losses  come  principally  from 
transformations  which  take  place  after  the  steam  has  left  the 
boiler.  A  test  was  cited,  in  which  an  evaporation  of  11.8  pounds 
of  water  per  pound  of  combustible  from  and  at  212  degrees  was 
obtained,  and  a  steam  consumption  of  22.8  pounds  per  indicated 
horse-power  per  hour,  Avhile  the  efficiency  of  the  electrical  appa- 
ratus was  but  44  per  cent.  This  test  was  stated  to  be  representa- 
tive of  the  general  practice  throughout  the  country.  The  test 
found  here,  however,  seems  to  show  a  contrary  state  of  efficiencies. 
The  electrical  horse-power  divided  by  the  indicated  horse-power 
is  78.9,  while  the  steam  consumption  is  30  pounds,  and  the  com- 
bu-stible  is  4.82  pounds  per  indicated  horse-power  per  hour.  The 
combustible  consumed  seems  to  me  to  be  a  large  quantity  for  the 
evaporation — in  fact,  it  is  one-third  larger  than  it  need  be,  even 
under  service  conditions. 

Mr.  Kent. — I  do  not  think  Mr.  llockwood  quite  understands 
that  third  line  from  the  bottom  on  page  1148.  It  says,  electric 
horse-power  divided  by  indicated  horse-power — nothing  to  do  with 
the  boilers  whatever.     It  is  only  from  the  engine  to  the  dynamo. 
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Mr.  Bochioood. — I  would  not  imply  that  the  item  in  the  line 
mentioned  does  have  anything  to  do  with  the  boilers  ;  my  atten- 
tion was  drawn  to  the  comparatively  very  high  eflSciency  of  the 
transformation  of  indicated  horse-power  to  electrical  horse-power, 
and  as  the  coal  consumption  is  nevertheless  very  large,  I  looked 
further  for  the  figure  giving  the  evaporation  in  the  boilers  and 
that  for  the  steam  consumption  in  the  engines,  and  I  see  that  both 
figures  show  extravagance,  but  more  particularly  the  boilers,  as 
careful  firing  will  give  high  boiler  efficiency,  even  with  a  very 
variable  demand  for  steam. 

Mr.  Wm.  11.  Bryan. — I  do  not  quite  agree  with  Mr.  Eockwood 
in  the  statement  that  the  efficiency  of  78.9  per  cent,  is  low.  I 
have  made  a  number  of  similar  tests,  and  I  found  that  the  averao-e 
efficiency  of  the  engine  and  of  the  generator  each  about  90  per 
cent.,  making  practically  81  for  the  two,  or  slightly  less.  I  take 
it  that  means  indicated  horse-power  compared  with  the  horse- 
power at  the  switchboard,  which  includes  the  mechanical  efficien- 
cies of  both  the  engine  and  the  dynamo. 

Prof.  R.  C.  Carpenter. — I  think  it  is  a  notorious  fact  that  the 
amount  of  steam  used  by  the  different  electric  plants  generally  is 
very  large.  I  think  we  have  tested,  in  connection  with  work  at 
Cornell  University,  something  like  forty  or  fifty  plants,  and  we  have 
never  found  one  which  was  from  any  standpoint  economical,  and 
some  have  been  fearfully  uneconomical.  We  have  measured  the 
water  of  engines  which  used  as  high  as  100  pounds  of  steam  per 
indicated  horse-power  per  hour,  running,  however,  in  districts 
where  coal  cost  them  nothing  except  the  labor  of  getting  it  into 
the  furnace.  I  think  we  never  yet  have  tested  a  plant  in  which 
the  consumption  fell  below  20  pounds  of  water  per  indicated 
horse-power  per  hour,  even  using  the  best  machinery  and  the  best 
style  of  engines.  I  think  what  Professor  Jackson  shows  in  his 
test  represents  fairly  the  average  results  from  engines  installed  in 
this  kind  of  work,  and  those  engines  are  using  from  6  to  8  pounds 
of, coal  per  indicated  horse-power  per  hour,  according  to  our  tests, 
in  only  one  or  two  cases  falling  below  1,  and,  I  think,  in  only  two 
cases  falling  as  low  as  3. 

Mr.  Keep. — I  would  like  to  ask  Professor  Carpenter  what  was 
the  lowest  water  consumption  he  found. 

Professor  Carpenter. — I  think  we  never  found  a  result  below 
22  in  electric  railroads  and  16  in  electric  lighting  stations. 

Mr.  Storm  Bull. — I  am  quite  familiar  with  the  station  which 
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Prot'essors  Jackson  and  Eichter  have  tested,  and  I  know  that  it  is 
not  verv  well  run.  I  believe,  as  stated  in  the  paper,  that  nothing 
was  done  to  improve  things  from  what  they  were  beforehand. 
As  an  indication  of  how  this  plant  was  run  I  might  mention  the 
fact  that  the  pet-cocks  on  the  cylinders  were  left  open  all  the 
time,  the  steam  blowing  right  through  them  continuously. 

Prof.  A.  W.  BlchterJ' — I  wish  to  make  a  few  remarks  in 
answer  to  Mr.  Rock  wood's  discussion.  As  regards  the  boiler 
efficiencv,  better  results  certainly  ought  to  be  obtained  with 
careful  firinii-  and  good  conditions.  I  again  wish  to  call  attention 
to  the  statement  made  in  the  paper,  namely,  that  the  plant  was 
tested  under  service  conditions.  ISTo  pains  were  taken  to  secure  a 
hio-h  boiler  efficiencv.  The  fireman  attended  to  his  duties  as 
thouo-h  no  test  were  taking  place,  no  effort  was  made  to  choose 
the  better  coal  from  the  pile,  and  the  persons  conducting  the  test 
paid  no  attention  to  the  condition  of  the  boilers.  An  evaporation 
of  11  pounds  and  above  calls  for  a  ver}^  clean  boiler,  careful 
tiring,  and  a  good  quality  of  coal.  Mr.  Rockwood  also  calls 
attention  to  what  he  considers  a  high  efficiency  of  the  transfor- 
mation of  indicated  horse-power  to  electric  horse-power.  Com- 
paring the  same  with  results  obtained  from  tests  of  similar  plants, 
it  will  be  found  that,  although  higher  than  some,  it  compares 
favorably  witli  a  number  of  other  tests  made. 

Following:  are  some  of  the  results  obtained,  other  than  those 
mentioned  by  Mr.  Bryan  : 

University  of  Wisconsin  test,  made  in  1893  :                                 Percent. 
Four  Lakes  Company,  Madison 74.8 

Cornell  tests  : 

Rochester  Street  Railroad 64.8 

Buffalo  Street  Railroad 86.9 

Hamilton  Street  Railroad 75. 

Test  made  by  Mr.  J.  M.  Smith  : 
Wyandotte  and  Detroit  River  Railroad 64.1 

*  Author's  closure,  under  the  Rules. 
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DCLVIIL* 

A   H0R8E-P0WER   PLANIMETER, 

BY   EDWARD   J.    WILLIS,   RICHMOND,    VA. 

(Member  of  the  Society.) 

It  is  not  the  object  of  this  paper  either  to  go  into  a  mathe- 
matical discussion  or  to  praise  an  instrument,  but  rather  to 
show  the  conditions  that  exist  in  a  special  form  of  the  polar 
planimeter. 

The  equation  of  the  polar  planimeter  is  t  area  =  wheel  move- 


FiG.  321 


ment  x  length  of  AB  (Fig.  321  j.     That  is,  after  the  tracer  point  B 
has  passed  over  a  figure  whose  area  is  a,  the  wheel  movement 

equals  ^-^  (equation  11 

This  equation  is  independent  of  A  C,  and  its  only  requirement 
is  that  the  axis  of  the  wheel  W  shall  be  parallel  to  AB.     It 

*  Presented  at  the  Detroit  meeting  (June,  1895)  of  the   American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVI.  of  the  Transactions. 

^Stevens  Indicator,   ApHl,    1890,  and  January,   1895,  p.  23;   also  Annals  of 
Jdathematks,  vol.  v.,  p.  10,  August.  1889. 
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makes  uo  differeuce  where  tlie  wheel  W  be  placed  so  long  as  its 
axis  is  parallel  to  A  B.  It  may  be  at  either  A  or  B,  or  off  to 
either  side  of  AB,  or,  as  is  more  frequent,  on  AB  extended,  as 
shown  in  Fig.  321.     Wherever  placed,  its  duty  is  to  record  move- 
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Fig.  323. 


ments  perpendicular  to  AB.  Movements  parallel  to  AB  are, 
by  construction,  ignored  by  the  wheel.  The  recorded  move- 
ment in  a  planimeter  with  circumferential   graduations  is  less 

than  its  peripheral  movement  in  the  ratio  ^  (Fig.  322),  and  is 

generally  about  .85  of  the  movement  called  for  by  the  equation 
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g,  to  have 


(1).  It  is  usual,  in  order  to  facilitate  decimal  readin 
one  complete  revolution  of  wheel  correspond  to  10  square 
inches,  and  the  tracer  arm  is  usually  from  5  to  7  inches  long. 
Assuming  the  arm  to  be  6  inclies  long,  we  have,  for  equation 
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1,  the  recorded  movement  for  one  complete  revolution  (which 

corresponds   to    10  square  inches),  4  x  "^  x  .85  x  4-  1.4133 

-ti       A-b  6 

inches. 

The  recorded  movement  for  1  square  inch  would  therefore  be 
iV  of  this,  or  .14133  inches.  Since  these  instruments  usually 
claim  to  read  to  x^o  of  a  square  inch,  we  note  that  the  recorded 
movement  for  y^o  of  a  square  inch  would  be  .0014133,  or  about 
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Fig.  324. 
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part  of  an  inch.  When  we  consider  that  this  instrument 
scrapes  along  the  paper,  and  has  various  joints  and  parts  where 
lost  motion  may  occur,  it  is  easy  to  see  that  only  by  extremely 
accurate  construction  and  delicate  handling  can  it  be  made 
reliable  to  yot  of  a  square  inch. 

The  record  of  movement  perpendicular  to  ^I B  can  be  better 
obtained  by  construction  shown  in  Fig.  323.  In  this  case  all 
scraping  of  wheel  on  paper  is  avoided  ;  the  measured  movement 


is  linear  and  not  circumferential 

away  with.    Assuming  a  6-inch  arm,  the  measured  movement  for 


and  the  factor    .^  is   done 


IKU 
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1  square  inch  becomes  (by  equation  1)  =  -j-^  =  ^  inch. 

In  short,  a  60  scale  with  a  6-inch  arm  reads  square  inches, 
or  an  100  scale  and  a  10-inch  arm,  etc.  By  having  an  adjustable 
tracer  arm  and  exchangeable  scales,  as  in  Fig.  324,  or,  what  is 
simpler,  a  rotating  triangular  scale,  any  of  whose  six  graduated 
edges  can  be  brought  next  wheel,  we  can,  by  proper  selection  of 
scale  and  arm  length,  read  direct  to  any  unit. 

The  following  are  a  few  applications : 


To  Read  Square  Inches. 

On  full-size  drawing,  use  scale  80,  and  A  and  B  8  inches  apart. 
On  drawing  6  inches  to  the  foot,  use  scale  30,  and  A  and  B  7^  inches  apart. 
3  "  "  ''         100        "        "         6i 


To  Read  Square  Feet. 

On  drawing  3  inches  to  the  foot,  use  scale  80,  and  A  and  B  7--^  inches  apart. 
U 

k  i  -|  (<  ((  (C 


30 

6f 

80 

8 

100 

5| 

30 

7i 

50 

"       H, 

100 

"        6i 

To  Read  Square  Yards. 
On  drawing  1  inch  to  the  foot,  use  scale  80,  and  A  and  B  7-,%  inches  apart. 


10  feet  to  the  inch, 


100 

5^- 

40 

9 

60 

h%- 

100 

5f 

80 

7fo 

The    mean   effective    pressure    of    an    indicator    card    equals 

-1-1 rr  ^  spring.     If  we  turn  scale  next  wheel  which  cor- 

card  length        ^       ^ 

responds  to  spring  with  which  indicator  card  is  taken,  and  set 
points  A  and  B  to  card  length,  the    reading  =  scale  x  -j^  — 


card  area    _  -ii*^   pi   p 
card  length 


spring  X 

The  liorse-power  of  an  indicator  card  is  mean  effective  pressure 


piaton  area  x  stroke  x  revolutions  per  minute 

^3,000. 
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Fig.  335. 


The   writer    has    published    a    table    giving    the    value    of 
'  for  engines  from  8  inches  x  8  inches  to  110 


piston  area  x  stroke 
inches  x  72  inches. 

The  instrument  shown  in  Fig.  325  has  sliding  pointers  which 
can  be  clamped  to  any  reading  on  each  arm  of  hinged  scale. 

Suppose  lines  p  and  q  each  to  be  clamped  to  reading  corre- 
sponding to  revolutions  per  minute.     Suppose  points  G  and  H 


Fig.  32G. 
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to  be  set,  as  iu  Fig.  326,  to  card  leugtli,  and  A  and  B  to  reading 

^.       ,        ,  83,000  .         •     ,  11 

corresponding  to  value  ^.^^^^  area>r  stroke'  ^'  ^^^^^  ^^  '^^^^^'' 

then,  if  scale  be  next  wheel  which  corresponds  to  spring  with 

which  indicator  card  is  taken,  the  reading,  on  going  over  card, 

area 
equals  spring  x  ^-^.     By  similar  triangles  (Fig.  826), 

.[  /^  ; ? —  -  =;  card  length :  revolutions  per  minute, 

piston  area  x  stroke 

33,000  X  card  length 
or  AB  = 


piston  area  x  stroke  x  revolutions  per  minute' 

Substituting,  we  have 

-r.      , .                 .           area  x  piston  area  x  stroke  x  rev.  per  min. 
Eeading  =  spring  x  33,000  x  card  length " 

spring  X  area      piston  area  x  stroke  x  revolutions  per  minute 
"c^r"d  length     "^  33^0 

=  M.  E.  P.  x  constant  =  H.P. 

By  starting  the  tracer  point  at  the  intersection  of  the  expan- 
sion curves,  and  going  first  over  one  card  and  then  over  the 
other  without  removing  tracer  point  from  paper,  the  final  read- 
ing will  be  the  total  horse-power  of  the  engine. 

DISCUSSION. 

Prof.  D.  8.  Jacoht^. — Mr. Willis  presented  one  of  his  planimeters 
to  me  a  short  time  ago,  and  I  tested  it  in  various  ways,  and  find 
that  it  does  all  that  he  claims  for  it.  I  think  the  special  field 
for  his  planimeter,  as  well  as  for  any  similar  averaging  instrument, 
is  in  working  out  results  quickly  where  there  is  no  necessity  for 
gi-eat  refinement.  In  running  a  test  of  an  engine  we  ordinarily 
calculate  the  horse-power,  together  with  the  water-rate,  and  see 
where  we  stand  hour  after  hour.  For  this  class  of  work  I  know 
of  no  instrument  superior  to  the  one  which  Mr.  Willis  has  devised. 
It  is  an  instrument  which  is  easy  to  read,  as  the  record  is  made 
by  the  movement  of  the  wheel  directly  along  the  edge  of  a  white 
scale  with  black  graduations. 
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Another  field  for  this  instrument  will  be  with  the  practical 
engine-driver,  who  could  be  taught  to  set  the  instrument  to  obtain 
the  horse-power  directly  from  the  scale,  and,  if  desired,  he  could 
preserve  a  record  of  horse-power  from  day  to  day. 

There  is  an  error  in  this  instrument,  due  to  friction,  which  is 
greater  than  in  a  nicely  adjusted  Amsler  instrument,  but  for  such 
work  as  is  described  above  it  is  negligible. 


llt)8  TOPICAL  DISCUSSIONS   AND  INTERCHANGE   OF   DATA. 


DCLIX. 

TOPICAL   DISCUSSIONS   AND    INTERCHANGE    OF 

DATA. 

XXXIST   MEETING. 

^o.  659—124. 

134.  Can  it  be  made  practicable  to  design  a  machine  which  shall  unite  the- 
merits  of  both  the  milling  machine  and  the  planer?  Is  not  this  problem  a  para- 
dox in  machine  construction  ? 

2Ir.  Henry  Binsse. — At  times  milling-machine  literature  has 
been  marked  by  extravagant  claims  which  have  tended  to  hinder 
rather  than  to  aid  the  growth  of  this  most  useful  machine,  because 
people  have  been  led  by  them  to  look  for  economical  returns  from 
it  under  conditions  for  which  the  tool  was  not  suited.  For  ex- 
ample, I  remember  a  very  fine  slabbing  machine  which  had  been 
bought  by  a  large  engine  company  under  the  impression  that  it 
would  replace  their  planer ;  but,  as  their  engines  were  very  care- 
fully built,  in  small  quantities,  they  soon  discovered  that  their 
purchase  was  a  mistake. 

As  an  instance  of  these  misleading  statements,  there  was  a 
paper  read  some  years  ago  on  the  milling  machine,  which  passed 
without  criticism  and  had  a  wide  circulation,  and  which  recom- 
mended the  milling  machine  for  jobbing-shop  use,  where  there  is 
a  great  variety  of  work  with  little  duplication,  for  shops  like  the 
engine  works  just  mentioned.  I  have  been  unable  to  find  an  in- 
stance of  the  economical  use  of  the  milling  machine  under  these 
circumstances ;  in  fact,  the  experience  is  universal  that  the  cost  of 
the  cutters,  arbors,  bushes,  devices  for  holding  the  work,  in  addition 
to  the  extra  time  needed  for  setting  the  work  (for  it  generally 
takes  longer  to  set  a  single  piece  on  the  miller  than  it  does  on  the 
planer;,  all  these  items  make  the  milling  machine  a  very  expen- 
sive tool  for  general  work — far  more  so,  indeed,  than  the  shaper 
or  planer. 

Defining,  m  general,  the  respective  fields  of  usefulness  of  the 
two  machines,  the  planer  may  be  said  to  be  a  tool  for  facing  plane 


TOPICAL   DISCUSSIONS    AND   INTERCHANGE   OF   DATA.  116^ 

surfaces  of  all  kinds,  while  the  milling  machine  may  be  called  a 
tool  for  rapid  and  accurate  duplication,  using  a  revolving  cutter. 
The  two  types  do  not  compete  ;  they  work  side  by  side.  Wher- 
ever there  is  work  enough  of  one  kind  to  keep  a  planer  busy, 
then  is  the  time  to  consider  giving  that  work  to  a  milHng  machine. 

A  year  or  so  ago  a  comparison  was  made,  in  a  paper  read  be- 
fore the  Society,  between  the  working  times  of  a  slabbing  milliug 
machine  and  a  planer,  greatly  to  the  latters  disadvantage.  The 
figures  given  were  very  remarkable,  suggesting  the  well-known 
measured  mile  records  of  our  cruisers.  Accepting  the  correctness 
of  the  observed  times,  the  comparison  itself  was  unfair,  because 
the  milling  machine  in  question  was  a  tool  especially  adapted  for 
cheap  duplication  of  exactly  that  class  of  rough  work.  We  might  as 
well  compare  the  time  of  cutting  screws  in  a  turret  screw  machine 
with  the  time  for  similar  work  in  the  lathe.  There  is  no  mystery 
about  the  output  of  special  tools.  Designed  for  certain  kinds  of 
work  only,  they  excel  in  that  line  and  are  fit  for  nothing  else.  It 
is  to  be  regretted  that  in  that  paper  no  figures  were  given  of  the 
cost  of  getting  ready  to  do  the  work.  This  is  a  most  important 
item,  usually.  Last  winter,  having  some  large  face  cams  to  cut,  I 
liad  an  excellent  opportunity  to  observe  the  cost  of  new  milling 
operations.  I  kept  a  very  accurate  cost  record,  and,  while  the 
actual  time  of  cam  cutting  was  ll-i  hours  only,  80  hours  were 
spent  in  making  the  cutters,  arbors,  bushes,  collets,  straps,  and  so 
on,  for  the  job.  Although  the  cost  of  milling  cutters  has  been 
much  reduced  of  late  years,  they  are  still  expensive,  the  large  ones 
especially  so.  Mr.  H.  L.  Arnold  says,  in  one  of  his  recent  excel- 
lent papers  on  milling  practice,  "  that  the  use  of  large  cutters, 
although  suggested  by  theory,  is  practically  prohibited  by  their 
great  cost." 

The  record  of  the  incidental  work  is  as  much  a  part  of  the  cost 
of  milling  as  the  actual  milling  time.  It  is  also  characteristic  of 
all  work  done  by  the  milling  cutter  that  the  cost  increases  very 
rapidly  with  the  size  of  the  piece  to  be  operated  upon,  so  that  it 
is  out  of  all  proportion  more  expensive  to  mill  large  than  small 
work.  In  fact,  at  the  present  time,  it  seldom  ])ays  to  mill  large 
pieces.  In  addition  to  the  greater  cost  of  large  milling,  there 
comes  decreased  accuracy,  for  accuracy  of  milling  operations  be- 
comes more  diificult  to  attain  as  the  size  of  the  piece  increases. 
It  is  very  costly  to  mill  large  work,  and  more  expensive  still  if 
accuracy  be  desired. 
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Milling  demands  greater  care  in  regard  to  the  quality  of  the 
metal  than  planing.  The  piece  of  work  must  be  soft,  and,  if  pos- 
iiible,  free  from  scale.  We  all  know  that  we  cannot  avoid  occa- 
sional hard  castings,  hard  spots  in  castings,  castings  with  the  sand 
burnt  into  the  skin,  or  castings  with  chilled  faces.  While  acci- 
dents like  these  may  ruffle  the  planer-man's  calm  of  mind,  the 
milling  boss  is  knocked  down  by  them,  for  they  may  ruin  a  costly 
mill  gang  in  a  few  minutes.  Where  much  milling  is  done  it  is 
usual  to  anneal  and  pickle  all  the  castings  and  forgings ;  and  I 
have  known  even  the  fine  sand  of  excellent  malleable  iron  castings 
to  dull  rapidly  a  set  of  milling  cutters.  A  hard,  bad  casting  may 
be  planed  at  the  cost  of  a  little  time  and  patience  ;  but  it  is  gen- 
erally impracticable  to  mill  hard  iron.  This  is  a  trifling  drawback 
for  small  work;  bnt  it  w^ould  be  of  importance  should  we  wish  to 
use  the  milling  machine  for  the  same  variety  of  work  as  the 
planer. 

At  present  there  is  no  reason  to  look  for  any  gain  from  the  use 
of  the  milling  machine,  where  there  is  little  duplication,  or  for 
medium  and  large  work,  on  account  of  conditions  entirely  inde- 
pendent of  the  design  of  the  machine.  Moreover,  there  is  little 
to  encourage  the  inventor  who  may  wish  to  design  a  machine 
which  will  cover  as  great  a  range  of  different  forms  of  work  as  the 
planer.  The  revolving  cutter  demands  an  amount  of  rigidity  in 
the  arbor  and  in  the  machine  which,  in  the  planer,  is  not  at  all 
essential.  All  of  us  have  seen  very  accurate  work  by  a  skilful 
planer-hand,  when  the  tool  deflection  was  visible  to  the  naked 
eye  at  a  distance.  This  is  impossible  in  milling  practice.  It  is  on 
thLs  account  that  while  the  ordinary  commercial  planer  need  not 
be,  and  indeed  is  not,  a  nicely  fitted  tool,  the  fitting  of  the  milling 
machine  cannot  be  too  perfect.  To  the  same  cause,  moreover,  must 
we  ascribe  the  simple  forms  of  all  existing  successful  types  of  miUing 
machines.  They  are  direct  in  design,  not  from  a  lack  of  inventive 
capacity,  but  because  simplicity  is  a  condition  precedent  to  suc- 
cess. It  must  be  apparent,  then,  that  it  is  most  difficult,  perhaps 
impossible,  to  construct  a  practical  milling  machine  which  shall 
have  the  compound  and  swivel  tool  movements  of  a  planer  cross- 
bead. 

Are  these  views  supported  by  the  past  growth  of  the  machine  ? 
After  half  a  century  of  development  we  find  an  endless  variety  of 
milling  machines  whicli  have  been  designed  espepially  for  certain 
jobs.     There  are  gear  cutters,  slabbing  machines,  plain  and  uni- 
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versal  machines,  duplex,  triplex,  and  quadruplex  machines,  key- 
seaters,  vertical  spindle  machines,  vertical  face  machines,  column 
millers,  circular  machines,  profiling  machines,  and  so  on,  through 
an  endless  list ;  each  year  brings  forth  new  designs. 

There  are  many  styles,  each  one  excellent  for  its  special  pur- 
pose. The  output  of  these  tools  is  almost  beyond  belief,  in  many 
instances  ;  and,  without  doubt,  this  is  the  promising  field  for  the 
milling-machine  designer. 

In  conclusion,  I  would  call  attention  to  what  is,  to  my  mind,  a 
serious  misstatement,  and  it  is  one  heard  very  frequently  :  that 
the  merits  of  the  milling  machine  are  not  well  understood.  On 
the  contrary,  it  seems  to  me  that  the  milling  machine  is  the  most 
distinctly  American  of  aU  the  machine  tools.  Fifty  years  ago  we 
were  the  first  to  recognize  the  paramount  importance  of  this  tool 
for  interchangeable  duplication,  and  to-day  we  find  that  every 
existing  successful  type  of  milling  machine  has  been  invented  and 
developed  in  the  United  States.  If  we  do  not  understand  how 
and  when  to  use  the  milling  machine,  where  is  this  machine 
better  understood?  It  has  been  my  experience  that  the  machine 
is  bought  just  about  as  soon  as  there  is  any  use  for  it,  and  some- 
times sooner  than  is  strictly  economical. 

There  was  a  humorous  case  of  this  which  comes  up  before  me. 
I  was  visiting  the  perfectly  equipped  workshop  of  one  of  the  best 
mechanics  in  the  country,  and  I  was  very  much  impressed  by  a 
line  of  beautiful  but  expensive  milling  machines,  but  it  was  not 
clear  to  me  that  he  could  have  much  use  for  them,  so  I  asked 
what  work  did  he  do  with  them.  In  reply  he  said  :  "  The  planer 
is  not  in  it  with  these  machines."  As  this  was  no  answer  to  my 
question,  I  looked  around,  and  I  saw  that  at  each  planer  there 
was  a  heap  of  castings  waiting  to  be  finished,  while  the  floor  was 
perfectly  clean  around  the  millers,  and  a  thin  layer  of  dust  showed 
how  seldom  they  were  used.  The  operation  of  milling  is  so 
pleasing  to  the  eye  that  it  sometimes  misleads  our  judgment. 

It  is  rare  that  there  is  any  economy  in  milling  in  the  first  stages 
of  the  manufacture  of  a  new  machine.  Milling-machine  economy 
is  a  function  of  the  duplication  and  the  product. 

Mr.  William  Kent. — I  hope  before  that  paper  of  Mr.  Binsse's  is 
permitted  to  pass  we  may  hear  from  some  of  the  attorneys  on  the 
other  side  of  the  question,  such  as  Mr.  Grant,  who  has  written  a 
great  deal  on  milling  machines,  and  Mr.  Arnold.  I  am  much  sur- 
prised to  hear  the  argument  of  Mr.  Binsse  that  a  milling  machine 
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is  not  a  good  machine  in  a  jobbing  shop.  I  know  of  cases  where 
the  mining  machine  is  gone  to  constantly  for  little  jobs.  If  you 
have  a  good  holding  vise  on  the  milling  machine,  you  can  some- 
times do  small  jobs  on  it  with  more  facility  than  on  a  planer.  I 
think  the  milling  machine  a  machine  which  has  a  cutter  which 
goes  around,  and  a  planer  has  a  tool  which  goes  straight  ahead.  I 
believe  that  the  Daniels  planer  for  planing  wood  is  a  kind  of  a 
milling  machine,  and  it  has  been  in  use  a  great  many  years,  and  it 
is  not  a  paradox  at  all. 

The  President. — The  Daniels  planer  might  easily  and  properly 
claim  to  have  been  the  origin  of  the  milling  machine. 

Mr.  W.  S.  Rogers."^ — The  opening  discussion  is  a  surprise  to  me, 
coming,  as  it  does,  from  Newark,  N.  J.  In  the  first  place,  I  want  to 
dispute  the  statement  that  cutters  are  expensive.  My  experience  is 
that  they  are  not,  considering  the  amount  of  work  which  they  do  and 
the  length  of  time  they  last.  The  speaker  says  the  milling  machine 
is  not  a  machine  for  a  jobbing  shop.  If  I  was  going  to  start  a 
jobbing  shop  to-day  one  of  the  first  things  I  would  want  would  be 
a  milling  machine.  But  I  would  not  go  out  and  buy  the  first 
milling  machine  I  saw  and  put  it  in  the  shop.  I  would  have  a 
milling  machine  built  to  do  job-work.  There  is  not  such  a  ma- 
chine on  the  market.  What  is  wanted  in  our  shops  is  a  milling 
machine  built  on  a  heavy  planer  pattern,  so  that  we  can  go  all 
around  difi'erent  shapes.  But  there  is  one  rock  right  square  in 
the  path  of  having  that  done — there  is  no  manufacturer  who 
wants  to  put  the  money  in  for  a  machine,  and  the  inventor  is 
afraid  to  guarantee  it.  But  it  can  be  done.  We  have  heard  to- 
night Mr.  Allison  and  Mr.  Holloway  tell  us  how  they  worked  fifty 
or  sixty  years  ago — what  was  done  without  tools.  Fifty  or  sixty 
years  from  now  we  will  have  young  men  sitting  here  and  smiling 
at  our  telling  about  the  planer  and  the  old  engine  lathe,  for  they 
will  have  milling  machines  everywhere,  and  they  will  turn  out  ten 
times  as  much  work  as  we  do  now,  and  ten  times  better.  That  is 
what  thoy  can  do  with  milling  machines.  If  I  had  my  way  to-day 
I  would  scrap  every  engine  lathe  with  its  old  foot-stock  and  back- 
gear.  They  are  a  nuisance.  Nothing  would  excel  a  shop  full  of 
turret  lathes  and  milling  machines.  I  know  there  is  no  limit  to 
the  speed  of  the  cutters.  I  have  run  up  to  eighteen  inches  per 
minute  table  travel,  and  the  work  was  accurate  enough,  while  the 

♦  See  also  discussion  on  topic  No.  98  :  "To  what  extent  can  the  milling  machine 
be  used  to  replace  the  planer  in  daily  operation?"     Vol.  XIV.,  p.  539. 
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cutters  stood  up  under  it  easily.  I  did  not  pickle  all  the  castings, 
either.  When  the  casting  came  in  hard  from  the  foundry  I  sent 
it  back  where  it  belonged  and  charged  them  for  it.  The  planer  will 
always  be  with  us,  just  the  same  as  the  old  shaper  is.  It  is  good 
in  an  emergency,  although  you  don't  want  a  shop  full  of  planers. 
What  we  want  is  a  good  strong  milling  machine  built  to  do  all 
the  things  which  a  planer  can  do  now,  and  that  machine  is  pos- 
sible. One  of  the  things,  as  I  said  before,  whicli  keeps  us  back 
from  doing  it,  is  that  so  many  engineers  accept  the  statement  that 
"it  is  impossible,"  and  let  it  go  at  that.  There  is  nothing  impos- 
sible in  designing  machines  to  do  the  kind  of  work  we  want  to  do. 

Mr.  Chas.  K.  Norton. — I  think  the  speaker  is  right  about  the 
mining  machine.  The  designer  who  would  have  the  hardihood 
to  design  such  a  machine  to-day  would  lose  his  position,  and 
the  manufacturer  who  would  dare  to  build  it,  and  put  it  on  the 
market,  could  not  sell  it,  for  the  people  who  buy  such  machines 
would  not  be  willing  to  pay  for  the  iron  the  designer  had  put  into 
it.  Our  milling  machines  of  to-day  are  a  good  deal  farther  ahead 
than  our  ability  to  use  them.  The  reason  why  we  do  not  suc- 
ceed better  with  the  milling  machine  is  simply  because  we  do  not 
understand  it.  I  am  surprised  every  day  to  see  the  new  things 
which  some  young  man,  who  has  not  had  half  the  experience 
which  a  good  many  of  the  rest  of  us  have  had,  will  do  with  a 
milling  machine,  without  any  expense  whatever,  and  a  great  deal 
quicker  than  you  could  go  to  the  planer  and  place  the  tool  in  it. 
I  saw  a  job  the  other  day  where,  if  the  young  man  had  gone  to 
the  shaper  to  do  it,  it  would  have  taken  at  least  an  houi-'s  time  ; 
and  I  will  venture  to  say  the  cutter  did  not  cost  over  fifty 
cents,  and  he  slipped  it  into  the  vise,  and  it  was  out  of  it  in 
ten  minutes. 

Mr.  Fred.  J.  Miller. — I  shall  not  attem]3t  to  answer  the  question 
categorically,  but  some  points  brought  up  by  Mr.  Binsse  should 
perhaps  receive  further  attention  before  being  passed  over.  The 
developments  of  the  past  few  3'ears  have,  I  think,  shown  that  we 
do  not  very  clearly  or  very  certainly  perceive  the  exact  limita- 
tions or  the  possible  maximum  production  of  either  the  planer  or 
the  milling  machine.  Much  more  good  work  is  expected  and 
actually  obtained  by  experts  from  both  of  them  than  was  the  case 
a  few  years  ago,  and  progress  has  been  so  rapid  that  in  many 
cases  experts,  devoting  their  time  to  but  one  class  of  these  ma- 
chines, have  innocently  been  making  comparison  with  machines 
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of  the  other  class  which  are  by  no  means  fairly  representative  of 
the  present  practice.  It  is,  I  think,  much  more  difficult  to  make 
a  fair  comparison  between  the  two  classes  of  machine  tools  than 
would  at  rirst  appear  to  be  the  case. 

Men  tend  toward  partisanship  somewhat  in  these  matters,  as 
well  as  in  political  affairs,  and  unless  we  watch  ourselves  closely, 
we  are  liable  to  become  thereby  somewhat  blinded.  Extravagant 
claims  have,  no  doubt,  been  made  for  the  milling  machine,  but 
still  it  is  a  fact  that  many  of  the  claims  made  for  it,  which  a  few 
years  ago  seemed  very  extravagant,  are  to-day  being  realized,  and 
I  thiuk  history  will  repeat  itself  along  this  line. 

The  purchase  of  a  slabbing  machine,  to  do  milling  work  upon 
steam  engines,  carefully  built,  in  small  numbers,  has  been  re- 
ferred to.  In  this  case  I  think  the  mistake  was  in  the  choice  of 
a  machine,  and  that  the  milling  machine  to  use  in  such  work  is 
one  which  uses  end  or  face  mills,  instead  of  slabbing  cutters. 
Such  machines,  in  the  present  state  of  the  art,  are  far  more  efficient 
for  producing  plane  surfaces  upon  cast  iron  worked  under  the  con- 
ditions named,  and  do  not  require  to  be  very  much,  if  at  all, 
more  rigid  than  a  planer  should  be  for  the  same  work.  Face  or 
end  mills  cut  much  more  easily  than  wide  slabbing  cutters,  and 
are  generally  much  less  expensive  to  maintain. 

As  to  the  cost  of  cutter  arbors,  fixtures,  etc.,  used  with  milling- 
machines,  it  should  be  considered  that,  when  once  a  tolerably 
complete  outfit  of  these  has  been  provided,  it  requires  thereafter 
little  expense  for  additions  to  them,  or  to  maintain  them.  We 
might  imagine,  as  an  extreme  case,  a  man  having  fifty  different 
jobs  to  do  on  a  new  milling  machine  during  the  first  month  of  its 
service,  and  that  no  single  cutter  would  answer  for  more  than 
one  of  them.  He  might  easily  conclude  that  milling  machines 
are  expensive  luxuries,  on  account  of  the  cost  of  cutters.  But,  as 
a  matter  of  fact,  he  would  find  that  in  a  short  time  his  stock  of 
cutters  on  hand  would  fit  almost  any  case,  few  new  ones  would 
be  required,  and  the  cost  of  cutters  would  thenceforth  be  very 
small  in  ])roportion  to  the  work  done  by  them. 

In  too  many  cases  those  who  essay  to  use  milling  machines  are 
too  easily  discouraged  by  the  outlay  necessary  to  provide  a  fairly 
complete  assortment  of  good  milling  cutters,  and  on  that  account 
fail  to  get  the  returns  which  milling  machines  are  capable  of  giv- 
ing in  the  way  of  real  economy. 

As  to  the  increased  cost  of  milling  large  work,  I  can  only  say 
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that  this  applies  also  to  planing,  usually.  If  we  have  a  casting 
weighing  5  tons,  with  a  spot  upon  it  12  inches  wdcle  and  4 
feet  long,  to  surface  by  planing,  it  will  cost  very  much  more 
to  plane  it  than  it  would  if  the  casting  weighed  only  200  pounds. 
It  takes  much  longer  to  place  the  larger  casting  upon  the  planer 
platen  ;  the  planer  needs  to  be  much  larger,  and  the  power  required 
to  move  the  work  back  and  forth  while  being  planed  will  be  con- 
siderable. A  type  of  milling  machine  is  now  coming  into  common 
use  in  which  such  a  casting  is  merely  placed  upon  a  stationary^ 
or,  perhaps,  a  rotating,  platen,  near  the  floor  level,  and  remains 
still  while  a  face  mill  operates  upon  it ;  the  face  mill  being  usually 
made  up  of  a  disk  holding  inserted  teeth,  and  driven  by  a  spindle 
supported  in  a  saddle  having  a  vertical  feed  motion  and  traverse 
upon  an  upright,  which,  in  turn,  has  a  horizontal  feed  motion  and 
traverse  upon  the  bed  of  the  machine.  Such  machines  also  bore 
and  drill  w^hen  required,  but,  considered  simply  as  milling  ma- 
chines, and  comparing  them  with  planers,  are  more  economical 
the  larger  and  heavier  the  work  they  are  called  upon  to  do. 
Using  any  type  of  milling  machine  employing  end  or  face  mills,  I 
do  not  think  it  is  the  usual  experience  to  find  the  cost  of  large 
work  disproportionately  heavy  as  compared  with  smaller  w^ork 
milled,  or  with  similar  large  woi'k  planed.  In  fact,  a  favorite  form 
of  milling  machine  for  such  work  is  almost  precisely  like  the 
planer,  the  only  essential  difference  being  in  placing  a  vertical 
spindle  upon  the  saddle  in  place  of  the  usual  clapper-box  and  tool 
holder.  I  cannot  see  that  such  a  machine  is  essentially  different 
from  the  planer  in  respect  to  its  adaptability  for  doing  large  work, 
and  it  certainly  offers  exactly  the  same  facilities  for  fastening 
work  to  its  platen. 

While  it  is  perhaps  true  that  the  milling  machine  is  better 
understood  here  than  in  other  countries,  it  is  still  the  fact,  I  think, 
that  it  is  not  generally  and  thoroughly  understood  here.  It  is 
quite  a  common  thing  for  an  expert  to  double  and,  in  some  cases, 
quadruple  the  rate  of  feed  previously  used  in  cast  iron,  and 
thought  to  be  all  which  the  cutters  or  the  machine  would  stand  ; 
and  it  is  too  little  understood  that,  where  jobs  are  constantly 
changing  on  a  milling  machine,  it  is  not  a  bo3^'s  job  to  run  one, 
but  a  job  on  which  a  skilled  mechanic  will  prove  most  economical. 
And  when  the  work  is  of  such  a  nature  as  to  make  it  a  series  of 
repetitions  of  the  same  operations,  there  must  still  be  skilled  su- 
pervision, and  good  workmanship  in  cutters  and  fixtures. 
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I  consider  the  question  of  the  relative  merits  of  the  planer  and 
the  milling  machine  to  be  an  indeterminate  one.  Whether  a 
planer  or  a  milling  machine  should  be  put  in  for  a  given  line  of  work 
will  sometimes  be  a  question  not  easily  solved,  and  its  solution 
should  not  be  attempted  in  any  but  the  simplest  cases,  except  by 
an  expert  in  such  matters.  In  a  well-known  shop,  where  they 
build  very  many  milling  machines,  and  thorough^  believe  in  them, 
they  nevertheless  use  many  planers  on  their  own  work,  and  have 
recently  put  in  a  number  of  them. 

While  it  is  true  that  duplication  of  pieces  or  operations  has  an 
important  bearing  on  the  question,  yet  the  extended  use  of  mill- 
ing machines  in  tool  rooms,  where  the  work  is  constantly  changing, 
and  there  is  relatively  little  duplication,  seems  to  indicate  that  its 
economy  is  not  strictly  "  a  function  of  the  duplication  of  the  prod- 
uct," but  that  the  character  of  the  work  to  be  done  has  an 
important  bearing  on  the  matter  also,  independent  of  the  number 
of  duplications  of  any  piece  or  operation. 

^o.  659—125. 

For  filtering  oil  liavlng  very  finely  divided  metallic  particles  in  suspension, 
what  have  you  found  to  be  the  best  filtering  material,  either  for  one  operation 
or  in  a  series? 

3fr.  O.  W.  Bissell. — The  writer  uses  an  oil  filter  consisting  of 
two  shallow  rectangular  tin  trays  and  some  wide  lamp-wicks.  One 
of  the  trays,  slightly  smaller  than  the  other,  is  supported  within 
it  on  two  blocks,  which  raise  it  an  inch  or  so  from  the  bottom  of 
the  larger  pan.  The  wicks  are  laid  in  the  upper  ])an  so  as  to  hang 
over  its  edges  into  the  lower  pan. 

The  oil  to  be  filtered  is  poured  into  the  upper  pan.  A  drip 
cock  in  the  lower  pan,  and  a  cover  for  the  whole,  com])lete  the 
apparatus.  No  quantitative  tests  have  been  made,  but  the 
results,  as  far  as  the  eye  can  judge,  are  good. 
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IX    MEMORIAM. 

For  the  first  time  in  tlie  fifteen  years  of  the  existence  of  the 
American  Society  of  Mechanical  Engineers  that  body  has  been 
called  to  deplore  the  loss  of  its  presiding  officer  while  in  active 
fulfilment  of  his  duties.  Mr.  E.  F.  C.  Davis,  elected  president  at 
the  annual  meeting  in  December,  1S94,  was  killed  suddenly  by  an 
accident  while  riding  his  horse  in  the  Central  Park  of  New  York 
City  on  the  evening  of  Tuesday,  August  6,  1  95.  The  exact 
nature  of  the  disaster  is  not  known,  as  he  was  riding  alone ;  but 
the  supposition  advanced  is  that  the  horse  became  unmanageable 
from  some  reason  and  fell  upon  his  rider.  Mr.  Davis  had  long 
been  an  expert  in  all  out-door  sports,  and  particularly  in  horse- 
manship, which  has  made  his  untimely  death  from  this  cause  so 
much  the  more  a  shock  because  a  surprise  and  unexplaiuable. 
He  was  found  by  guardians  of  the  park  still  living,  but  passed 
away  without  regaining  consciousness. 

Mr,  Davis  was  born  August  13,  1847,  at  Chestertown,  Md.,  so 
that  he  was  nearly  forty-eight  years  old.  He  received  his  educa- 
tion and  graduated  in  1866  at  Washington  College  in  his  native 
State.  His  family  connection  had  been  mainly  practitioners  of 
law,  and  he  had  been  expected  to  follow  their  example ;  but  a  de- 
cided mechanical  instinct,  evinced  in  the  construction,  while  a 
schoolboy,  of  a  small  working  engine  and  other  appliances,  induced 
a  reluctance  to  the  law,  and  a  strong  desire  to  try  his  fortunes 
in  the  shop.  "Without  much  encouragement  from  bis  family, 
he  applied  to  several  establishments,  and  finally  was  taken  as  ap- 
prentice in  the  shops  and  drawing-room  of  the  Philadelphia  Hy- 
draulic AVorks  of  Brinton  &  Henderson.  His  later  service,  during 
the  twelve  years  before  he  entered  upon  the  work  which  was  to 
tell  most  strongly  upon  his  development,  nnd  to  give  him  his 
repute  and  standing,  was  successively  with  the  Xew  Castle  Machine 
AYorks,  New  Castle,  Del.;  Atlantic  Dock  Iron  Works,  Brooklyn; 
Athens  Brothers'  Polling  Mill,  Pottsville,  Pa.;  and  the  Colliery 
Iron  Works  of  the  same  place. 
75 
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It  was  from  the  last  engagement  that  he  was  summoned,  in 
March,  1878,  to  become  a  principal  draughtsman  for  the  Philadel- 
phia and  Reading  Coal  and  Iron  Company  ;  and  a  year  later,  when 
but  tbirtj-two  years  of  age,  he  was  made  superintendent  of  their 
Pottsville  shops.  It  will  be  recalled  that  these  years  from  1880 
to  1890  were  a  decade  of  special  difficulty  in  Pennsylvania  and 
everywhere  for  the  contiollers  and  organizers  of  shop  systems, 
and  Mr.  Davis'  success  in  meeting  and  adjusting  strikes  of  great 
magnitude,  and  in  securing  an  accepted  and  popular  transfer 
from  a  wasteful  day-rate  method  to  a  successful  and  permanent 
piece-rate  plan,  gave  him  a  standing  and  experience  in  this  class 
of  professional  work  which  was  one  of  Ijis  great  claims  for  the 
consideration  and  esteem  of  his  colleagues.  He  had,  furthermore, 
the  task  of  putting  the  shops  themselves  into  condition  for 
building  and  repairing  mining  and  other  machinery  for  an 
extensive  colliery  system,  and  his  contributions  to  the  Transac- 
tions of  the  Society  cover  both  of  these  divisions  of  practice.* 

A  friend  has  said  of  him  :  "  To  him  fell  the  task  of  organizing 
the  shops,  to  put  them  in  a  condition  for  building  and  repairing 
mining  machinery,  and  the  work  was  carried  out  in  a  fashion 
which  indicated,  that,  as  a  designer  of  machinery  and  as  an  organ- 
izer of  working  operations,  he  had  few  equals." 

In  1890  Mr.  Davis  was  earnestly  solicited  by  the  management 
of  the  Eichmond  Locomotive  and  Machine  Works  to  leave  Potts- 
ville and  come  to  Virginia,  in  order  to  become  their  general 
manager,  so  as  to  bring  into  that  enterprise  the  proven  skill 
which  he  had  shown  in  the  handling  of  large  establishments 
employing  numbers  of  men  on  varied  classes  of  work.  The 
competition  in  this  field  of  manufacture  made  it  difficult  for  the  less 
thoroughly  organized  to  meet  the  better  organized  in  the  field  of 

*"  Photographs  of  Mine  Interior.^,  "  vi.,  26;  "Steam-pipes  for  Collieries,"  xi., 
215;  disc:  bits  of  engine-room  experience,  x.,  706  ;  corrosion  in  aboiler  drnm.xii., 
525  ;  corrosion  of  ?team  drums,  xv.,  1101  ;  divergencies  in  flnnge  diameters, 
ix.,  132;  gain-sharing,  x.,  6'22  ;  gauge  for  f^heets  and  plates,  xiv..  31;  he;it 
transmission  through,  etc.,  xii.,  1043;  lubrication,  x.,  814;  novel  hammer- 
head, vi,,  80;  oxidation  of  metals,  vi.,  633;  performance  of  Worthington 
pumping  engine,  xii.,  1013  :  rapid  melting  in  cupola,  xii.,  1046;  shaft  govern- 
ors, ix.,  318:  soft  castings,  ix.,  338  ;  speed  of  gears,  vi.,  863  ;  steel  castings, 
xii.,  717;  stocking  and  reloading  coal,  ix.,  273;  systems  of  catalogues  and 
indexes,  vi.,  864  ;  temperature  effect  on  the  strength  of  iron  and  steel,  x.,  718  ; 
the  premium  plan  of  paying  for  labor,  xii.,  767,  771,  773  ;  tractive  forces  of 
leather  belts,  x.,  773;  tubular  boilers,  vi.,  118;  two  rope  haulage  systems, 
xii.,  640  ;  wrought-iron  scrap  in  castings,  ix.,  341. 
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railroad  development  in  the  growing  South,  whicli,  with  such 
organization,  tlie  Southern  management  might  have  a  right  to  claim 
for  itself.  Mr.  Alfred  II.  Raynal,  member  of  the  Society,  was 
invited  at  the  same  time  to  bring  to  the  assistance  of  the  works 
his  knowledge  and  experience  of  marine  engine  requirements 
and  general  shop  practice  for  the  contract  awarded  them  for 
the  building  of  the  United  States  battle  ship  Texas.  It  will  be 
recalled  that  at  the  time  of  the  Richmond  convention,  in  Decem- 
ber, 1S91,  these  two  gentlemen  were  very  active  in  their  ser- 
vice of  the  Society's  interests.  Mr.  Haynal  returned  to  the 
North  soon  after,  but  Mr.  Davis  remained,  under  a  most  favorable 
contract,  for  a  long  term,  and  was  most  helpful  in  the  reorganizing 
of  the  labor  system,  in  cheapening  the  cost  of  product  while 
raising  the  earnings  of  the  men,  and  particularly  in  the  develop- 
ment, in  the  later  years,  of  the  compound  locomotive.  The 
Eichmond  compound  locomotive,  which  has  been  making  such  a 
fine  record  on  various  Western  railroads  at  this  writing,  was 
designed  by  him,  and  was  built  under  his  supervision.  He  was 
an  enthusiastic  worker  in  this  field,  and  was  ambitious  to  secure 
a  position  where  his  labors  to  improve  railroad  motive  power 
could  be  continued. 

Personal  reasons,  however,  induced  him  to  give  favorable  con- 
sideration to  a  most  tempting  opportunity  to  connect  himself 
with  the  C.  W.  Hunt  Company  of  New  York  City,  and  he  took  up 
his  residence,  in  the  spring  of  1895,  on  Staten  Island,  where  the 
works  of  this  company  are  located.  His  duties  brought  him  into 
closest  relation  with  the  president  of  that  company,  and  this 
gentleman,  writing  at  the  time  of  the  shock  of  his  death,  speaks 
in  the  warmest  terms  of  the  pleasure  and  helpfulness  of  the 
arrangement ;  and  in  the  neighborhood  of  New  York  City  a  career 
of  further  usefulness  and  reputation  seemed  to  be  just  opening 
when  deatli  cut  the  promise  sliort. 

Tlie  choice  of  the  American  Society  of  Mechanical  Engineers 
foil  upon  Mr.  Davis  for  its  president  in  1894,  while  still  general 
manager  of  the  locomotive  works  ;  and  the  selection  seemed 
specially  fitting,  because  the  interest  which  he  felt  in  the  develop- 
ment of  the  locomotive  engine,  his  success  in  the  management  of 
men  on  the  piece-work  system,  and  his  wide  acquaintance  among 
the  Southern  representatives  of  the  profession,  would  strengthen 
the  Society,  broaden  its  reputation,  and  enrich  its  Transactions. 
The  clioice,  also,  was  rightly  deemed  a  most  fitting  one  by  reason 
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of  his  personal  character  and  worth.  He  had  become  a  member 
of  the  Society  in  1881  ;  served  as  vice-president  in  1891-93;  and 
as  presiding  officer  at  meetings  of  the  Council  of  the  Society  and 
at  its  Detroit  convention,  in  June,  1895,  he  evinced  great  dignity, 
and  attracted  to  himself  the  members  by  the  charm  of  his  manner 
and  the  clear  comprehension  of  all  matters  brought  to  his  atten- 
tion. He  was  very  quick  of  apprehension,  and  prompt  in  decidicg 
matters  upon  which  he  was  called  to  act.  Of  the  charm  of  his 
genial  and  affectionate  nature  as  a  man  it  is  difficult  to  speak  with 
a  measured  reserve.  He  was  a  man  of  warm  social  tendencies, 
and  with  an  equal  capacity  for  making  warm  personal  friends. 
He  has  left  a  wife  and  a  family  of  four  children.  His  funeral, 
at  Pottsville,  Pa.,  was  attended  by  many  of  his  old  friends,  asso- 
ciates, and  employees,  and  by  a  number  of  members  of  the 
Society. 

The  Council  of  the  Society  has  placed  upon  its  records  the 
following  minute : 

"  The  American  Society  of  Mechanical  Engineers  desires, 
through  its  Council,  to  spread  upon  the  records  of  the  So- 
ciety and  of  its  Council,  a  minute  expressive  of  the  respect  and 
regard  which  its  members  feel  and  seek  to  make  public  upon  the 
sudden  and  untimely  death,  from  an  accident,  of  their  colleague, 
Mr.  E.  F.  C.  Davis,  President  of  the  Society. 

*'  The  formal  mould  of  memorial  resolutions,  in  which  a  corpor- 
ate body  ordinarily  records  its  action,  seems  inadequate  for  a 
proper  voicing  of  the  spirit  which  pervades  the  Council  in  the 
presence  of  the  death  of  one  whom  its  members  had  known  so 
well,  and  whom  they  had  learned  to  admire  and  love.  His  wise 
and  mature  judgment,  his  business  and  professional  knowledge, 
his  conservative  yet  energetic  counsel,  and  his  courteous  con- 
sideration for  others,  had  made  him  one  from  whose  adminis- 
tration of  the  Society's  affairs  the  highest  hopes  had  been  enter- 
tained. 

"  Although  with  such  grief  the  stranger  intermeddleth  not,  yet 
the  Council  would  presume  to  express  their  heartfelt  sympath}^ 
with  those  nearest  and  dearest  to  Mr.  Davis,  upon  whom  this 
blow  has  so  crushingly  fallen." 
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ECKLEY  B.   COXE. 
IN   MEMORIAM. 

For  the  second  time  iu  the  history  of  our  Society  death  has  in- 
vaded the  ranks  of  our  past  presidents,  and  taken  from  us  our 
t»-enial,  warm-hearted  friend  and  counsellor,  Eckley  B.  Coxe,  of 
Drifton,  Pa. 

To  the  members  of  the  Society  who  had  the  pleasure  to  know 
Mr.  Coxe  personally,  the  news  of  his  somewhat  sudden  death 
came  with  a  peculiar  sadness  ;  and  even  now  it  seems  hard  to  be- 
lieve that  we  shall  meet  him  do  more,  shall  never  again  be  wel- 
comed by  his  charming  manner,  encouraged  by  his  never-failing 
hopefulness,  made  wiser  by  his  counsel,  nor  buoyed  up  by  his 
words  of  cheerfulness  and  courage. 

Eckley  Brinton  Coxe  was  born  in  Philadelphia,  June  4,  1839  ; 
died  at  Drifton,  Pa.,  May  13,  1895.  On  June  27,  1868,  he  mar- 
ried Sophia  G.  Fisher,  daughter  of  Joshua  Francis  Fisher,  Esq., 
of  Philadelphia.  He  was  the  son  of  Judge  Charles  Sidney  Coxe, 
and  the  grandson  of  Tench  Coxe,  who  was  prominent  in  the  early 
history  of  this  country,  and  at  one  time  Assistant  Secretary  of  the 
Treasury  under  Alexander  Hamilton.  The  immense  tracts  of  coal 
lands  purchased  by  Tench  Coxe,  and  held  intact  during  the  life- 
time of  Judge  Coxe,  while  at  the  time  of  their  purchase  not 
esteemed  of  much  value,  were,  by  the  skill,  engineering  knowl- 
edge, and  industry  of  our  past  president,  developed  to  such  an 
extent  as  to  make  the  estate  one  of  enormous  value,  mining  in 
one  year  a  million  and  a  half  tons  of  coal. 

The  suiTOundings  of  Mr.  Coxe  in  early  life  were  such  that  he 
might,  had  he  so  chosen,  have  led  a  life  of  inglorious  ease,  free 
from  business  cares  and  responsibilities;  but  he  early  chose  rather 
to  take  his  place  among  the  workers,  and  to  assume  those  obliga- 
tions to  himself  and  his  fellow-men  which  in  after  life  so  endeared 
him  to  all  with  whom  he  came  in  contact.  After  graduating  from 
the  University  of  Pennsylvania,  and  taking  a  post-graduate  course 
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iu  that  institution  in  the  Department  of  Mining,  he  entered  as  an 
assistant  in  the  hiboratory  of  John  F.  Fraser,  Professor  of  Chemis- 
try and  Physics.  In  1860  he  went  to  Paris,  and  spent  two  years 
at  the  School  of  Mines,  and  then  went  to  the  Mining  School  at 
Freiberg,  Saxony,  as  a  pupil  of  Professor  Weisbach,  whose  book 
on  mechanics  he  afterwards  translated,  and  whose  library  he  pur- 
chased after  the  professor's  death.  On  leaving  Freiberg  his 
studies  were  finished,  so  far  as  university  and  student  life  were 
concerned,  but  not  otherwise  ;  for  all  his  subsequent  life  was  spent 
in  studying  out  better  methods  of  mining  coal,  especially  as  they 
pertained  to  the  anthracite  regions,  and  better  methods  of  hand- 
ling and  transporting  it ;  and,  better  still,  he  devoted  himself  to 
finding  improved  methods  of  using  it  for  the  production  of  steam 
power.  His  ideas  were  often  new,  and  not  in  accordance  with  es- 
tablished usages ;  they  were  discussed,  criticised  often,  and  con- 
demned ;  but  oftener  they  were  copied  by  his  neighbors,  until 
'•  Drifton  practice  "  was  accorded  a  high  place  in  coal-mining 
circles. 

While  the  enormous  waste  which  for  years  had  been  going  on 
iu  the  anthracite  regions  had  been  the  occasion  of  much  comment 
by  others,  it  was  left  to  our  ex-president  to  give  to  the  subject  that 
careful,  thoughtful  consideration  which  it  so  well  deserved.  The 
State  of  Pennsylvania,  mindful  of  the  loss  which  was  daily  occur- 
ring in  the  immense  and  ever-increasing  culm  banks  which  for 
years  had  been  accumulating  about  the  shafts  of  the  anthracite 
mines,  several  years  ago  sought  the  advice  and  aid  of  Mr.  Coxe, 
either  to  reduce  the  quantity  of  small  coal  mined,  a  large  part  of 
which  found  its  way  into  the  waste  of  the  culm  piles,  or  else  to  plan 
methods  l)y  which  it  might  be  made  useful  as  a  means  of  making 
steam,  or  otherwise.  How  well  Mr.  Coxe  succeeded  in  bringing 
this  about  by  his  writings,  his  works,  and  his  practice  is  well 
known,  not  only  to  the  members  of  this  Societ} ',  but  to  nearly 
every  consumer  of  steam  along  the  Atlantic  coast ;  indeed,  to-day, 
not  only  does  no  fine  coal  go  to  the  culm  pile,  as  of  yore,  but  the 
culm  banks  of  many  years'  accumulation  are  now  being  worked 
over,  to  reclaim  and  save  what  had  previously  been  considered  a 
worthless  product. 

While  Eckley  B.  Coxe  did  much  for  his  State;,  and  for  the  indus- 
try in  which  he  spent  the  best  years  of  his  life,  he  will  be  remem- 
bered longest  for  what  he  did  for  his  associates  and  employees. 
The  limits  of  this  monograph  forbid  a  lengthy  or  further  descrip- 
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tion  of  this  charming  feature  of  his  life  and  character.  Suffice  it 
to  saj  that  he  was  a  man  of  the  people  ;  he  lived  among  his  work- 
men, caring  for  their  interests  and  comforts  in  a  manner  far  too 
infrequent  among  those  in  his  position.  He  built  schoolhouses 
for  their  children,  and  employed  earnest  and  competent  teachers 
to  instruct  them,  not  only  in  the  commoner  branches  of  educa- 
tion, but  in  those  liigher  branches  pertaining  to  the  art  and  to  the 
science  of  coal  mining ;  he  built  churches  wherein  aU  were  taught 
their  duties  to  each  other  and  their  obligations  to  their  God. 
Together  with  his  noble  but  invalid  wife,  he  looked  after  their 
physical  wants  as  well,  caring  for  their  necessities  when  in  sick- 
ness and  trouble ;  and  when  his  great  heart  ceased  to  beat,  and 
his  remains,  at  his  request,  were  laid  to  rest  in  Drif ton's  burying- 
ground,  there  were  no  tears  shed  above  his  new-made  grave  more 
sincerely  sorrowful  than  were  those  that  fell  from  the  eyes  and 
over  the  furrowed  cheeks  of  his  old-time  miners  and  workmen. 

As  an  illustration  of  the  esteem  in  which  he  was  held  by  his 
neighbors,  the  following  extract  fi'om  a  private  letter,  written  by 
an  old  friend,^  is  made  by  permission  : 

"  Your  letter  of  the  23d  is  at  hand,  and  it  finds  me  sick  at  heart 
over  the  death  of  Eckley  B.  Coxe,  an  old  and  dearly  loved  friend. 
We  became  acquainted  when  I  first  came  into  the  Lehigh  Yalley, 
over  thirty  years  ago,  and  our  acquaintance  soon  ripened  into 
friendship,  and  the  ties  have  all  this  time  been  constantly  grow- 
ing closer.  After  the  death  of  his  most  trusted  friend  and  confi- 
dential partner,  Mr.  Brock  Ely,  who  was  also  my  intimate  fi'iend, 
Mr.  Coxe,  in  speaking  of  him,  and  lamenting  his  death,  said  that, 
after  Mr.  Ely,  I  had  his  confidence  to  a  greater  extent  than  any 
one  else  outside  of  his  brothers,  and  he  has  on  more  than  one 
occasion  since  that  time  given  me  evidence  of  the  truth  of  what 
he  said. 

"  To  know  Mr.  Coxe  intimately  was  to  love  him.  He  was  rich 
in  this  world's  goods,  but  did  not  seem  to  know  it,  except  to  do 
good.  He  had  the  means  to  live  a  life  of  leisure  had  he  been  so 
disposed,  but  he  chose  instead  a  career  which  imposed  upon  him 
the  severest  kind  of  labor.  He  was  born  a  mechanical  engineer 
of  the  highest  order,  which,  with  the  means  under  his  control  and 
his  indomitable  energy,  enabled  him  to  accomplish  great  results 
in  the  line  of  his  profession.      He  was  intellectually  a  great  man  ; 

*  JoLn  Fritz,  of  Betbleliem.  • 
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of  deceit  he  knew  nothing,  and  as  he  was  possessed  of  a  sweet 
and  noble  disposition,  backed  b}^  a  strong  will  power,  he  despised 
anything  which  was  not  clean  and  honest,  with  an  intensity 
which  only  such  natures  are  capable  of  doing.  His  name  was  a 
guarantee  of  good  faith,  energy,  integrity,  and  stood  for  all  that 
was  fair  between  man  and  man. 

"  You  can  better  imagine  than  I  can  describe  m}^  feelings  over 
the  loss  of  such  a  friend  as  Mr.  Coxe.  Taken,  as  it  were,  in  the 
prime  of  life,  our  consolation  is  that  the  world  was  better  for  his 
having  lived,  and  my  earnest  hope  is  that,  when  our  time  comes, 
we  may  feel  that  we  have  done  some  good  in  our  lives  and  have 
not  lived  in  vain." 

Xo  words  seem  more  fitting  in  which  to  close  this  brief  account 
of  the  life  of  our  lamented  friend  and  associate  than  those 
culled  from  a  wreath  of  loving  thoughts  and  deepest  feelings, 
woven  in  most  fitting  words,  by  his  warm  personal  friend,  B.  W. 
Raymond,  and  which  on  last  Decoration  Day  were  read  to  the 
assembled  workmen  beside  his  grave. 

"  True  kuight  of  love,  in  stainless  armor  bright. 
Full  clad,  and  ardent  with  all  wrong  to  cope, 
And  wearing  ever,  in  the  front  of  fight, 
The  crested  helm  of  Hope. 

**  True  steward  of  the  trust  of  earthly  power, 
Nor  weak  to  waste,  nor  miserly  to  save  ; 
But  wisely  using  all  until  the  hour 
When  He  should  ask  Who  gave. 

*'  Strong  to  pursue  the  path  by  Science  trod  ; 
Strong  to  achieve  what  lies  in  human  ken  ; 
Yet  strongest  by  thy  steadfast  faith  in  God 
And  in  thy  fellow-men." 
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MEMORIAL   NOTICES   OF  MEMBERS  DECEASED 
DURING    THE   YEAR. 

[Note. — Memorial  monographs,  with  portraits  of  Messrs.  Eckley  B.  Coxe  and 
E.  F.  C.  Davis,  who  have  held  the  office  of  President  in  the  Society,  will  be  found 
as  Articles  No.  660  and  661,  at  pages  1177  to  1186  of  this  volume.] 

OREN   GIBSON    HEILMAN. 

Mr.  Ileilman  was  born  February  6,  1866,  at  Muncy  Station, 
Lycoming  County,  Pa.  At  an  early  period  in  bis  life  bis  parents 
moved  to  Williamsport,  Pa.,  in  wbicb  place  Mr.  Heilman  prepared 
for  college. 

He  entered  Cornell  Univei-sity  in  1888  in  tbe  course  of  Me- 
cbanical  Engineering,  and  graduated  in  1891.  Tbe  following  year 
be  was  appointed  to  an  instructorsbip  in  tbe  Department  of  Ex- 
perimental Engineering,  Sibley  College,  wbicb  position  be  lield 
until  tbe  time  of  bis  deatb.  Mr.  Heilman  was  admitted  to  junior 
membersbip  in  tbe  xlmerican  Society  of  Mecbanical  Engineers  at 
tbe  San  Francisco  meeting  in  tbe  spiing  of  1892.  His  deatb  was 
caused,  on  July  4,  1894,  by  tbe  premature  discbarge  of  a  small 
cannon,  wbicb  be  bad  built  bimself.  Tbe  wound  caused  by  tbe 
accident  was  not  at  tbe  time  considered  severe,  but  in  a  few 
days  lockjaw  set  in,  after  wbicb  tbe  most  skilful  medical  treat- 
ment was  of  no  avail.     His  deatb  occurred  July  17,  1894. 

Mr.  Heilman  was  considered,  by  all  wbo  knew  bim,  a  most 
talented  and  promising  young  man.  His  work  in  tbe  university 
was  uniformly  of  an  excellent  cbaracter,  and  bis  graduating  tbesis, 
wbicb  was  tbe  description  of  a  test  made  by  bimself  and  col- 
leagues of  tbe  Utica  Electric  Railroad,  was  of  sucb  merit  as  to 
attract  at  tbe  time  favorable  notice  from  tbose  wlio  knew  of  tbe 
cbaracter  of  tbe  work. 

In  Sibley  College,  as  an  instructor,  be  bad  especial  cbarge  of 
tbe  tests  made  on  tbe  large  experimental  engine,  and  be  was  en- 
trusted witb  tbe  general  management  of  tbe  engine  at  tbe  time  of 
tbe  tests.  Tbe  reducing  motions  of  tbe  experimental  engines 
^ere  designed  principally  by  Mr.  Heilman,  and  are  of  a  specially 


1188  MEMBERS    DECEASED   DURING  THE   YEAR. 

neat  form,  and  are  accurate  and  positive  under  every  condition, 

indicating  excellent  mechanical  ability  on  the  part  of  the  designer. 

He  had  responsible  charge  of  some  important  constructions  in 

Sibley  College,  and  always  performed  his  work  in  an   excellent 

manner. 

CHARLES   ROBERTS  JOHNSON. 

Mr.  Johnson  was  born  in  Nortliamptonshire,  England,  January 
17,  1851.  After  leaving  school  in  1867,  he  served  two  years  in 
the  office  of  William  Haywood,  civil  engineer  to  the  Corporation 
of  the  City  of  London,  as  junior  clerk.  He  was  then  articled  to 
Mr.  W.  C.  Johnson,  who  was  city  arcliitect,  where  he  remained 
two  years,  and  left  to  enter  the  employ  of  Mr.  Richard  Head. 
Before  leaving  this  position  he  was  estimate  clerk,  and  in  charge 
of  the  erection  and  repairs  of  buildings.  At  twenty-three  years 
of  age  he  joined  the  firm  of  Stevens  &  Sons,  of  London  and 
Glasgow,  remaining  with  them  about  eighteen  months  as  foreman 
in  charge  of  the  erection  of  railway-signal  interlocking  apparatus ; 
and  in  1875  he  entered  the  employ  of  the  firm  of  Saxby  &  Farmer, 
the  well-known  English  firm  of  signalling  engineers,  with  whom  his 
uncle  had  been  connected  as  superintendent.  In  this  relation,  Mr. 
Johnson  was  sent  not  only  to  different  parts  of  the  United  King- 
dom, but  also  to  France  and  to  India.  In  1881  Mr.  Johnson  came 
to  the  United  States  upon  the  invitation  of  the  Pennsylvania 
Raih'oad  Company,  at  the  recommendation  of  Messrs.  Saxby  & 
Farmer,  with  a  special  view  to  arranging  a  practical  system  of 
signals  for  the  grade  crossing  of  their  line  and  that  of  the  Central 
Railroad  of  New  Jersey  at  Elizabetli. 

It  is  interesting  to  note  that  from  1873,  when  Messrs.  Toucey 
and  Buchanan  erected  a  system  of  switches  and  signals  at  the 
grade  cross-over  which  was  then  used  above  Fifty-third  Street,  in 
New  York  City,  and  when,  about  the  same  time,  the  Pennsylvania 
Pwuilroad  introduced  block  signals  controlled  by  telegraph,  the 
.success  of  the  English  builders  and  managers  had  not  been  more 
generally  availed  of.  The  Saxby  &  Farmer  exhibit  at  the  Cen- 
tennial Exposition  of  1876  was  really  the  first  opportunity  that 
was  given  for  a  study  of  tlie  device  Avliich  they  had  so  carefully 
thougiit  out.  The  semaphore  signal,  now  so  wide-spread,  was  theij 
ahnost  unused  in  this  country,  and  the  arrangements  of  switch 
targets  and  so-called  safety  devices  were  innumerable  and  various. 
Mr.  Johnson  bringing  to  this  country  his  experience  with  the 
then  more  exacting  conditions  of  European  traffic,  was  engaged 
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bj  the  Union  Switch  and  Signal  Company,  of  Pittsburg,  as  con- 
tracting agent,  and  later  general  manager.  He  remained  in  this 
relation  until  1888,  when  he  separated  from  the  parent  company, 
and  organized  the  Johnson  Kailroad  Signal  Company,  of  which 
he  was  president  and  general  manager,  with  works  located  at 
Eahway,  N.  J.  Failing  health  in  1892  compelled  him  to  relin- 
quish active  business  and  withdraw  to  the  Adirondack  forest  and 
lake  region  in  pursuit  of  rest  and  out-door  life,  to  overcome  a 
consumptive  tendency,  but  a  long  and  sometimes  painful  illness 
ended  in  death,  December  11, 1894,  in  his  camp  on  S.aranac  Lake. 
He  was  buried  in  Kochester,  N.  Y.  He  connected  himself  with 
the  Society  at  the  Pittsburg  meeting  in  1884. 

GEORGE   FREDERICK   SIMONDS. 

Mr.  Simonds  was  born  in  Fitchburg,  Mass.,  January  12,  1843, 
receiving  his  education  in  the  public  schools.  He  entered  his 
father's  shops  and  office  in  West  Fitchburg  in  1859,  doing  all  kinds 
of  mechanical  and  clerical  Avork  during  four  years,  except  during 
the  first  year  of  the  war,  when  he  served  in  the  army.  The  busi- 
ness of  his  father,  Mr.  Abel  Simonds,  was  started  in  1832,  and  was 
the  making  of  scythes,  knives,  and  reaping-machine  steel.  In  1864 
Mr.  Simonds  organized  the  firm  of  Simonds  Brothers  and  Com- 
pany, operating  in  a  leased  shop,  and  in  1868  the  Simonds  Man- 
ufacturing Company  was  organized  with  a  much  larger  capital. 
In  1878  the  manufacture  of  saws  replaced  the  agricultural  knives 
on  which  Mr.  Simonds'  patents  on  the  manipulation  of  steel  had 
had  great  influence.  In  1886  the  Simonds  Rolling  Machine  Com- 
pany of  ^Massachusetts  and  the  Simonds  Steel  and  Iron  Forging 
Company  of  England  were  organized  to  avail  of  his  patents  for 
moulding  articles  of  circular  cross-section  by  rolling,  and  he  was 
oae  of  the  early  experimenters  and  successful  manufacturers  in 
the  line  of  roller  and  ball  bearings.  He  became  a  member  of  the 
Society  at  the  Philadelphia  meeting  in  1887,  and  his  death  was 
due  to  an  accident  by  falling  from  a  transcontinental  train 
while  on  his  way  to  Alaska,  November    3,    1894,  in  pursuit   of 

health. 

BENJAMIN    F.    RADFORD. 

Mr.  Eadford  was  born  at  Portland,  Me.,  October  11,  1827. 
He  served  his  apprenticeship  with  the  Amoskeag  Machine  Com- 
pany, of  Manchester,  N.  H.,  and  also  practised  in  New  Jersey  and 
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Pennsylvania.  In  1850  he  entered  the  employ  of  Geo,  H.  Fox  &: 
Co.,  Boston,  the  predecessors  of  the  American  Tool  and  Machine 
Company.  The  latter  was  organized  in  1864,  and  Mr.  Radford 
was  chosen  superintendent  and  general  manager,  and  he  was 
president  at  the  time  of  his  retirement.  Under  his  management 
the  company  prospered,  and  were  able  to  build  shops  which  have 
formed  important  industries  of  the  town  of  Hyde  Park.  Mr.  Rad- 
ford served  his  town  in  office  as  a  member  of  its  water  com- 
pany, and  w^as  connected  wuth  a  number  of  its  institutions.  Mr. 
Radford  was  the  mechanically  responsible  officer  of  his  company, 
having  taken  out  many  patents  for  sugar  machinery,  conveyors, 
leather  machinery,  etc.  He  became  a  member  of  the  Society  in 
1887,  at  the  Washington  meeting,  and  passed  away  November 
27,  18'J4. 

ALTON  J.    SHAW. 

"Slv.  Shaw  was  born  in  Buckfield,  Oxford  Co.,  Maine,  January 
13, 1858.  His  father  was  a  successful  shoe  contractor  and  manu- 
facturer, and  gave  his  son  the  benefit  of  education  at  Bates  Col- 
lege at  Lewiston,  and  at  the  Maine  State  College,  from  w^hich  he 
graduated  in  the  mechanical  engineering  course  in  1879.  He 
had  shown  a  mechanic's  instincts  while  a  boy  and  at  school, 
and  brought  out  several  minor  inventions  previous  to  gradua- 
tion. 

His  first  opportunity  after  graduation  was  with  the  Chandler 
"Water  Meter  Company,  of  Lewiston,  where  he  remained  until 
1882,  having  married  meanwhile.  In  1882  he  went  into  business 
for  himself,  but  later  accepted  the  tender  to  become  superintend- 
ent with  the  firm  of  R.  Gardner  &  Son,  in  Montreal.  From  1883 
to  1880  he  served  as  draughtsman  with  the  Yale  &  Towne  Manu- 
facturing Company  and  the  Brown  &  Shar]3e  Manufacturing 
Company.  From  1886  to  1889  he  was  in  the  service  of  the  Ed- 
ward P.  Allis  Company,  of  Milwaukee,  and  while  engaged  wdth 
them  the  necessity  to  redesign  a  foundry  travelling  crane  Avas  the 
occasion  of  the  first  of  the  Shaw  electric  cranes.  From  1889  to 
1891  he  was  manager  of  his  company  in  Milwaukee,  and  later  he 
became  president  and  engineer  of  the  transferred  company  at 
Muskegon,  which  was  his  home  at  the  time  of  his  death.  Mr. 
Shaw  Vjecame  a  member  of  the  Society  at  the  Chicago  meeting 
in  1893,  and  passed  away  June  22,  1895,  as  the  result  of  peri- 
tonitis. 
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CARROLL   LIVINGSTON   HOYT. 

Mr.  Hoyt  was  born  January  22,  1866,  at  Wellsville,  ]^.  Y.,  from 
the  Academy  of  which  town  he  graduated  to  enter  Cornell  Uni- 
versity. He  received  the  degree  of  M.  E.  from  Sibley  College  in 
1892.  Upon  graduation  he  became  assistant  professor  of  me- 
chanical engineering  and  director  of  the  machine  shops  in  the 
Michigan  School  of  Mines,  at  Houghton.  He  afterwards  was 
connected  with  the  Dickson  Manufacturing  Company,  at  Scran- 
ton,  and  at  the  time  of  his  death  was  draughtsman  with  the  Edison 
General  Electric  Company,  at  Schenectady.  His  death,  January 
29,  1895,  was  due  to  typhoid  fever.  He  had  been  connected  as 
junior  member  with  the  Society  since  1893. 

CHARLES    W.    COPELAND. 

Mr.  Copeland,  a  life  member  of  this  Society,  died  at  his  home 
in  Brooklyn,  N.  Y.,  on  the  5th  of  February,  1895.  He  was  a 
charter  member  of  the  Society ;  its  treasurer  from  December,  1881, 
to  November,  1881 ;  vice-president  from  November,  1881,  to  De- 
cember, 1886. 

He  was  born  in  1815  in  Coventry,  Conn.,  where  his  father  was 
the  proprietor  of  a  large  engine  and  boat  building  establishment. 
Here  he  got  the  first  lessons  of  his  professional  life,  which  were 
subsequently  supplemented  by  a  course  at  Columbia  College. 

At  the  early  age  of  twenty-one  he  was  appointed  superintend- 
ent of  the  West  Point  Foundry  Association,  and  immediately 
thereafter  began  the  design  of  the  machinery  of  the  Fulton^  the 
first  steam  vessel  of  war  constructed  under  the  direct  supervision 
of  the  United  States  Navy  Department.  After  this  design  the 
machinery  was  built  b}'  the  West  Point  Foundry. 

In  1839  Mr.  Copeland  received  an  appointment  from  the  United 
States  Navy  Commissioners,  under  which  he  signed  himself  Naval 
Engineer,  and  was  entrusted  with  the  designing  of  the  machinery 
of  the  Mississipjn  and  21issoiori,  that  were,  when  built,  fine  exam- 
ples of  war  steamers  of  their  day.  He  subsequently  drew  the 
machinery  of  the  Susquehanna  and  Saranac,  and  the  engines  of 
the  Micliigan,  all  very  successful  and  efficient  ships. 

Mr.  Copeland  completed  his  permanent  connection  with  the 
navy  in  the  year  1850,  about  which  time  he  was  appointed  superin- 
tendent of  the  Allaire  Works  in  New  York  City,  where  he  designed 
and  superintended  the  construction  of  the  machinery  of   many 
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vessels  for  the  merchant  marine,  notably  that  of  two  of  the  Collins 
line  of  transatlantic  steamers,  whose  ships  broke  the  record  of 
their  day. 

He  was  the  first  supervising  inspector  of  steam  vessels  for  the 
district  of  New  York,  and  for  many  years  a  director  and  the  con- 
sulting engineer  of  the  Norwich  and  New  York  Transportation 
Company,  designing  several  of  the  finest  steamers  of  that  line. 

During  the  civil  war  his  long  experience  in  and  knowledge  of 
marine  affairs  were  availed  of  by  the  United  States  Government  in 
the  adaptation  of  merchant  vessels  to  service  in  the  blockade  of 
the  Southern  coast.  He  subsequently  became  the  constructing 
engineer  of  the  Lighthouse  Board,  holding  this  position  nearly  to 
the  time  of  his  death. 

He  commenced  his  life's  work  when  there  was  much  more  of  art 
than  science  in  marine  engineering.  All  knowledge  therein  had 
been  gained  step  by  step,  in  actual  experience,  and  very  little  of 
it  had  been  formulated  and  promulgated.  Every  designer  was  a 
law  unto  himself. 

We,  bis  successors,  are  living  on  the  inheritance  he  and  his 
contemporaries  gained  for  us,  and  that  perhaps  without  due 
recognition  and  acknowledgment. 

He  was  a  self-contained,  undemonstrative  man,  but  always 
genial  in  his  manner. 

He  was  simple  and  unaffected,  frugal  in  his  personal  economy, 
temperate  in  his  habits — almost  to  abstemiousness — a  lover  of 
books  for  what  they  contained,  and  a  persistent  collector  of  them. 

He  was  indefatigably  industrious,  and  his  inclination  for  work 
continued  to  the  end  of  his  days. 

He  had  deep  interest  in  this  Society,  with  which  he  had  been 
so  long  connected,  as  certain  provisions  of  his  will  display. 

The  world  is  better  that  he  has  lived,  and  our  profession  has  a 
higher  status  because  of  his  integrity,  his  fidelity,  his  self-respect, 
and  his  manhood. 

LOKEN    PACKARD. 

Mr.  Packard  was  bom  at  Northumberland,  N.  H.,  receiving  his 
early  education  in  the  schools  of  Waterford  and  St.  Johnsbury. 
"While  attending  school  the  civil  war  broke  out,  and  he  was  one 
of  tlie  first  to  defend  the  Union.  He  enlisted  in  the  1st  Ver- 
mont Cavalry,  serving  four  years.  He  was  in  the  battle  of 
Gettysburg,  and  was  an  eyewitness  of  the  assassination  of  Presi- 
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dent  Abraham  Lincoln  by  John  Wilkes  Booth,  in  Ford's  Theatre, 
Washington,  on  the  night  of  April  14,  1865. 

At  the  close  of  the  war  Mr.  Packard  went  to  Springfield, 
Mass.,  where  he  entered  the  Wason  car  factory,  learning  the 
car-building  trade.  He  soon  became  foreman  of  the  plant  (1869), 
but  resigned  to  accept  the  position  of  master  car-builder  of  the 
shops  of  the  N.  Y.,  N.  H.  &  H.  R.E.  Co.,  remaining  at  this  place 
five  years  (1876-81).  He  was  next  offered  the  position  of  master 
car-builder  of  the  shops  of  the  Baltimore  and  Ohio  road,  at  Balti- 
more. He  accepted  the  offer,  and  remained  with  that  company 
about  three  years  (1884),  when  he  secured  the  responsible  posi- 
tion of  master  car-builder  for  the  !N".  Y.  C.  &  H.  E.  K.K.,  at 
West  Albany,  to  succeed  Mr.  Hoyt,  deceased. 

Mr.  Packard  was  an  expert  mechanic.  During  his  eleven  years 
of  active  service  at  West  Albany  he  made  many  improvements 
on  the  cars  of  the  road,  and  to  him  is  largely  due  the  credit  for 
the  high  standard  of  excellence  to  which  the  cars  of  the  New 
York  Central  road  have  attained. 

Mr.  Packard  was  always  active  in  church  affairs,  and  for  four 
years  acted  as  Superintendent  of  the  First  Presbyterian  Sunday- 
school,  at  Albany,  and  at  the  time  of  his  death  was  President  of 
the  West  Albany  Y.  M.  C.  A. 

Mr.  Packard  joined  the  Society  in  1886,  and  died  on  February 
15, 1895,  in  the  forty-sixth  year  of  his  age,  after  an  illness  of  seven 
weeks. 

THOMAS    RICHARD    PICKERING. 

Mr.  Pickering  was  born  in  England,  May  5,  1831,  and  came  to 
the  United  States  with  his  father  when  he  was  about  nine  years 
old.  He  attended  the  public  schools  in  New  York  City  until  thir- 
teen years  of  age,  and  then,  for  a  short  period,  assisted  his  father, 
at  that  time  engineer  in  the  old  Leonard  Street  Sugar  House.  Dur- 
ing the  serving  of  his  apprenticeship  he  attended  night  school  at 
Cooper  Union,  and  following  its  completion  became  engineer  at 
Eobert  Marcher's  picture-frame  factory  in  Twenty-sixth  Street. 
W^hile  employed  in  that  capacity,  in  1861,  he  made  the  first  Pick- 
ering governor,  which  was  placed  on  a  Fishkill  Landing  engine, 
the  one  giving  power  to  the  factory.  His  father  at  this  time  was 
the  proprietor  of  a  tea  store,  and  for  a  time  the  manufacture  of 
these  governors  was  carried  on  by  the  inventor  himself,  on  a  foot- 
lathe,  in  the  rear  of  the  store. 
76 
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lu  IS 65  the  father  and  uncle  of  his  wife  furnished  money  with 
which  to  establish  a  shop  for  their  manufacture,  in  Greene  Street. 
Soon  after,  his  father-in-law  withdrawing,  Mr.  Pickering  formed  a 
partnership  with  Mr.  John  P.  Davis  (an  uncle  of  his  wife),  under 
the  firm  name  of  Pickering  &  Davis.  They  continued  in  business 
together  for  ten  years  (the  early  velocipedes  being  largely  made 
by  them),  and  in  1870  moved  to  Portland,  Conn.,  and  built  a  shop 
and  foundry  at  that  place.  Mr.  Davis  retired  from  the  business 
in  1877,  and  Mr.  John  H.  Hall  purchased  a  majority  interest  in 
the  firm,  which  was  then  called  T.  R.  Pickering  &  Co.  This  part- 
nership continued  until  1888,  when  the  Pickering  Governor  Com- 
pany was  incorporated,  the  proprietorial  interests  remaining  the 
same  save  in  the  purchase  of  a  few  shares  by  Mr.  Richard  H. 
Pascall,  who  had  been  for  many  years  superintendent  of  the 
factory.  Up  to  the  time  of  Mr.  Pickering's  death  there  was  no 
further  change  in  the  business,  except  in  the  acquirement  of  a 
small  interest  by  Mr.  Stephen  H.  Hall,  secretary  of  the  company. 
Mr.  Pickering  was  president  of  the  corporation,  though  taking  no 
active  part  in  its  management. 

His  public  life  consisted  for  the  greater  part  in  his  connection 
with  the  different  expositions  held  throughout  the  world,  com- 
mencing with  the  Paris  Exposition  of  1867,  where  he  had  charge 
of  some  of  the  mechanical  exhibits.  In  Vienna,  in  1873,  he  was 
assistant  to  the  commissioner,  and  had  charge  of  the  Machinery 
Department  (for  the  United  States)  ;  at  Philadelphia,  in  1876,  he 
was  agent  for  the  State  of  Connecticut ;  in  Paris,  in  1878,  he  was 
assistant  to  the  commissioner,  and  had  charge  of  American 
machinery;  and  at  Melbourne,  in  1882,  he  acted  as  agent  of  the 
United  States.  For  these  services  he  received  generous  and 
valuaVjle  testimonials. 

He  was  for  years  universally  respected  in  the  town  of  Portland 
as  one  of  its  most  prominent  citizens,  and  his  death  will  be  very 
greatly  felt  in  that  community.  He  had  never  taken  any  special 
interest  in  politics,  but  in  November,  1894,  was  nominated  and 
elected  senator  from  the  Twenty-second  District  of  Connecticut, 
taking  his  seat  on  January  9,  1895,  and  fulfilling  his  duties  in  that 
capacity  up  to  within  a  few  days  of  the  time  of  his  death.  He  was 
a  member  of  the  American  Society  of  Mechanical  Engineers  from 
the  beginning,  and  contributed  some  valuable  matter  to  its  Trans- 
actions.  His  death  occurred  just  at  the  close  of  a  two  years* 
term  of  office  as  vice-president  of  the  Society. 
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Mr.  Pickering  was  twice  married.     He  had  two  cliildi'en  by  his 

first  wife,  both  of  whom  died  before  him.     His  second  wife,  to 

whom  he  was  married  in  1859,  and  one  grandson  alone  survive 

him. 

CHARLES   E.    LIPB. 

Mr.  Charles  E.  Lipe,  who  joined  the  Society  as  a  member  on 
June  13,  1883,  was  born  at  Fort  Plain,  N.  T.,  on  March  20,  1851, 
and  died  at  his  home  in  Syracuse,  after  a  brief  illness,  on  March 
17,  1895.  His  preparation  for  entering  college  was  gained  in  the 
common  school  and  at  the  seminary  in  his  native  village,  and 
such  as  a  farmer's  son  can  acquire  at  home ;  and  he  was  one  of 
the  six  hundred  who  entered  Cornell  University  at  its  opening  in 
1868.  His  course  was  that  known  then  as  "  Mechanic  Arts,"  and 
although  he  graduated  as  Bachelor  of  Mechanical  Engineering  in 
1873,  the  course  was  originally  designed  to  be,  and  was,  in  a  gi'eat 
measure,  a  practical  one. 

Being  possessed  of  the  rare  combination  of  a  mechanical  mind 
and  a  commercial  one,  his  every  move  in  study  and  work,  inven- 
tion and  design,  partook  of  the  practical.  From  some  cause  one 
of  the  first  machines  set  at  work  at  the  university  was  a  Brown 
&  Sharpe  milling  machine,  and  in  his  work,  which  was  usually 
experimental,  his  sole  machine  tools  were  a  milling  machine  and 
foot  lathe ;  and  from  the  first  day  of  his  mechanical  experience  to 
the  last,  where  the  first  thought  of  other  mechanics  would  be, 
"What  part  of  this  can  I  do  in  the  lathe?  "  with  Mr.  Lipe  the 
question  was.  What  part  of  this  can  I  do  with  a  milling  machine  ? 
and  ten  or  fifteen  years  before  others  seemed  to  realize  the  fact, 
or  while  others  insisted  that  the  milling  machine  was  adapted  to 
small  work  and  not  to  large,  his  frequent  remark  was,  *'  That  no  one 
knew,  because  no  one  had  ever  built  a  milling  machine  for  large 
work."  While  he  became  known  to  the  mechanics  of  the  country 
through  his  milling  machine,  his  first  work  after  leaving  the 
university  was  with  the  civil  engineers  on  the  U.  I.  &  E.  B.R., 
afterwards  with  the  Bradley  Company  of  Syracuse  and  the  Reming- 
ton Company  of  Ilion,  ])erfecting  the  Spooner  Water  Meter,  and 
its  Foundry  Moulding  Machines  for  its  manufacture. 

He  was  then  engaged  for  several  years  in  the  inventing,  build- 
ing, and  introducing  broom-making  machinery,  having  invented 
the  first  successful  machine  for  sewing  brooms,  during  which  time 
he  located  his  shop  in  Syracuse,  and  devised,  among  other  things, 
the  milling  machine  known  by  his  name. 
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'While  Mr.  Lipe  did  Dot  possess  the  faculty  of  turning  the 
baser  metals  into  gold,  he  was  the  prime  factor  in  turning  the 
crude  invention  of  others  into  working  machines.  The  Marvin 
Electric  Eock  Drill,  The  Moyer  Hub  Boring  Machine,  The  Engel- 
berg  Rice  and  Coffee  Huller,  and  other  Syracuse  industries  owe 
their  success  to  his  mechanical  skill,  and  the  far  more  rare  quality, 
that  of  machine  designer. 

He  died  in  what  appeared  to  be  the  prime  of  life,  with  a  broad 
field  of  work  in  anticipation.  He  had  the  designs  partly  devel- 
oped for  what  he  conceived  to  be  a  milling  machine  for  large 
work,  with  features  as  original  in  conception  as  the  machine  was 
to  be  unique  in  size. 

JOHN   H.    WEBSTER. 

The  loss  of  such  a  man  as  Mr.  AVebster  is  deeply  felt.  The 
story  of  his  life  is  marked  by  youthful  determination,  ability,  and 
actual  accomplishment.  He  was  born  in  Boston  in  1850.  At 
the  age  of  fourteen  years  he  commenced  his  mechanical  career, 
having  graduated  from  the  high  school  at  Medford,  Mass.,  the 
year  previous.  He  first  spent  about  four  years  in  a  machine 
shop,  then  a  year  at  pattern-making,  and  at  the  age  of  nineteen 
was  a  member  of  a  firm  of  pattern-makers.  At  twenty  he  was  in 
charge  of  works  manufacturing  artificial  stone.  A  few  years  were 
then  spent  in  designing  and  building  general  machinery,  after 
which  he  was  made  chief  draftsman  at  the  Standard  Sugar 
Refinery  of  Boston.  He  was  assistant  superintendent  three 
years,  then  superintendent  until  the  formation  of  the  American 
Sugar  Refining  Company,  of  which  he  was  made  superintending 
and  constructing  engineer,  holding  that  position  at  the  time  of 
his  death. 

He  joined  the  Massachusetts  Charitable  Mechanics'  Associa- 
tion in  January,  1882.  He  was  on  the  Board  of  Government 
three  years,  and  at  the  exhibition  in  1887  acted  as  assistant 
to  the  manager,  Mr.  Haynes.  He  became  a  member  of  the 
American  Society  of  Mechanical  Engineers  in  May,  1885. 

His  devotion  to  the  interests  committed  to  his  charge  was 
incessant  and  unremitting.  He  was  a  noble  example  of  sterling 
manhood,  faithful  to  every  trust,  beloved  by  all  who  knew  him. 

He  died  in  Xew  York,  after  a  brief  illness,  at  the  age  of  forty- 
five  years.  His  funeral  services  were  held  at  his  residence  in 
Roxbury,  Mass.     His  father  and  one  son  survive  him. 
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EDWARD   CLEMENT   FRENCH. 

Mr.  French  was  born  February  18,  1858,  in  Bergen,  N.  J.  He 
prepared  himself  for  his  life  work  by  special  courses  in  chemistry 
at  Harvard  College  and  at  Worcester  Institute  in  1882-83,  and  in 
the  latter  year  became  assistant  to  the  Superintendent  of  the 
Deseronto  Chemical  Works,  and  afterwards  manager,  making  a 
specialty  of  the  distillation  of  wood,  the  manufacture  of  acetic 
acid,  the  acetates,  wood  alcohol,  etc.,  and  also  superintending  the 
Deseronto  Gas  Company,  which  was  owned  by  the  Rathbun 
Company  of  Deseronto.  The  planning  and  superintending  of  the 
plant  and  buildings  for  these  two  undertakings  were  almost 
entirely  the  work  of  Mr.  French.  He  became  connected  with  the 
Society  at  the  Erie  meeting,  in  May,  1889,  and  died  April  19, 
1895,  after  nearly  two  years  of  failing  health,  as  a  consequence 
of  consumption. 

ARTHUR  MELLEN  WELLINGTON. 

Mr.  Wellington  was  born  in  Waltham,  Mass.,  December  20, 
1847.  He  graduated  in  1863  from  the  Boston  Latin  School,  and 
for  three  years  was  apprenticed  as  an  articled  student  to  Mr. 
John  B.  Henck,  of  Boston,  well  known  as  the  author  of  the 
Handbook  for  Engineers.  He  passed  an  examination  for  the 
navy  as  assistant  engineer,  but  was  never  assigned  to  duty,  by 
reason  of  the  close  of  the  civil  war.  From  1868  to  1873  he  was 
engaged  in  railway  work,  in  which  his  principal  reputation  was 
won.  In  1878  he  became  principal  assistant  to  Mr.  Charles 
Latimer,  Chief  Engineer  of  the  New  York,  Pennsylvania,  and 
Ohio  Hallway,  and  it  was  in  the  summer  of  that  year  that,  by  the 
courtesy  of  Mr.  Charles  Paine,  Chief  Engineer  and  General  Man- 
ager of  the  Lake  Shore  and  Michigan  Southern  Eailroad,  Mr. 
Wellington  was  enabled  to  make  an  extended  series  of  experi- 
ments on  the  resistance  of  rolling  stock,  and  also  upon  journal 
friction.  From  1881  to  18S-t  he  was  engineer,  first,  of  the  Mexi- 
can National  Railway,  and  later  of  the  Mexican  Central  Railway. 

Mr.  Wellington,  however,  has  been  most  widely  known  from 
his  connection  with  the  literary  side  of  engineering.  His  first 
book,  issued  in  1874,  entitled  The  Computation  of  Earthwork 
from  Diagrams^  was  succeeded  by  his  monumental  volume  upon 
the  Economic  Theory  of  the  Location  of  Railways.  This  was 
developed  from  a  series  of   articles  in  the  Railroad  Gazette  in 
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1^7♦5  into  a  small  duodecimo  in  1877,  and  iu  1887  the  larger  and 

more  comprehensive  second  edition  redeemed  the  promise  of  the 

earlier  one,  which  was  itself  an  achievement.     In  1884,  upon  his 

return  from  Mexico,  Mr.  Wellington  became  one  of  the  editors  of 

the  Ihi'droad  Gazette,  and  in  1887  he  became  part  owner  and  one 

of  the  editors  of  Engineermg  News,  combining  with  the  duty 

occasional  service  as  consulting  engineer  upon  important  works. 

He  connected  himself  with  this  Society  iu  1889,   although  his 

principal  professional  interest  lay  in  the  field  of  civil  engineering. 

Mr.  Wellington  was  a  man  of  indomitable  energy,  and  with  a 

physique  which  he  seemed  to  be  able  to  strain  without  injury  far 

beyond  the  limits  permitted  to  most  persons.     His  industry  was 

tremendous,  but  his  devotion  in  the  last  years  of  his  life  to  a 

special  mechanical  problem  resulted  ultimately  in  his  being  com- 

]^elled,  in  1894,  to  abandon  his  work  for  a  trip  to  Europe.     After 

a   successful   operation  in   May,  he  died  of  heart  failure.  May  16, 

1S95. 

WILLIS   C.    JONES. 

Mr.  Jones  entered  the  profession  of  mechanical  engineering 
through  the  practical  side.  He  began  his  apprenticeship  at  the 
Chapman  Yalve  Company  of  Springfield,  Mass.,  and  served  as 
journeyman  and  tool-maker  for  nine  years  with  New  Eng- 
land firms  engaged  in  manufacturing  of  steam  and  hydraulic 
machinery.  Going  West,  he  entered  the  Kose  Polytechnic  In- 
stitute at  Terre  Haute,  Ind.,  first  as  workman,  rising  to  foreman, 
and  later  to  become  instructor;  from  thence  he  moved  to 
Cincinnati,  and  engaged  with  Lodge,  Barker  &  Co.,  the  Universal 
Radial  Drill  Company,  and  as  superintendent  of  the  firm  P.  G. 
March  tV  Co.  At  the  time  he  connected  himself  wdth  the  Society 
at  the  Philadelphia  meeting  in  1887,  he  was  a  member  of  the  firm 
Jones  k  Ptogers,  of  the  latter  city,  and  since  that  time  has  been 
in  various  individual  relations  in  different  cities.  Failing  health 
compelled  him  to  retire  to  his  old  home  in  Massachusetts,  and  he 
died  at  Barnstable,  August  19,  1895. 

RALPH    HART   TWEDDELL. 

Mr.  Tweddell  is  best  known  in  America  for  the  active  ])art  he 
has  taken  among  the  English  tool-builders  in  the  development  of 
hydraulic  tools.  He  was  born  at  South  Shields,  in  England,  May 
25,  1842,  and  was  at  first  prepared  at  school  for  the  Royal  Military 
Academy  at  Woolwich.      His  strong  mechanical  bent  led  to  his 
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abandoning  a  military  career,  and  he  became  an  apprentice  with 
E.  &  W.  Hawthorn,  at  Newcastle.  His  first  patent,  in  1863,  for  a 
hydraulic  tube  fixer,  was  taken  while  articled  in  the  shop. 

The  first  hydraulic  riveter  was  begun  in  1865,  when  the 
increasing  steam  pressures  in  use  at  sea  made  increased  diffi- 
culty in  working  with  the  thicker  plates.  This  first  machine 
operated  with  a  pressure  of  1,500  pounds  per  square  inch,  and  did 
the  work  at  about  one-seventh  the  cost  of  the  previous  hand- 
work. This  machine  had  a  small  accumulator,  which  fell  Mrith 
each  stroke  of  the  lever,  producing  an  intensified  pressure  at  the 
moment  of  tightest  closure.  It  has  been  estimated  that  these 
hydraulic  riveters  are  considerable  factors  in  the  increase  of 
pressures  within  the  last  thirty  years  from  40  to  200  pounds  of 
working  pressure.  In  1871  Mr.  Tweddell  designed  his  portable 
riveter,  and  from  1873  forward  much  of  the  largest  and  heaviest 
riveted  work  on  bridges  has  been  done  b}^  his  machines  or  their 
derivatives.  A  writer  in  London  Engi7ieering  says  that  a  speed 
of  20  rivets  per  minute  can  be  obtained,  and  5,000  in  9J  hours, 
on  straight  work,  or  a  steady  average  of  from  1,800  to  2,000  in 
irregular  work,  with  a  saving  of  from  50  to  60  per  cent,  over 
hand  work. 

The  hydraulic  system  extended  itself  in  1876  to  the  shipyards 
in  France,  to  the  locomotive  and  railway  shops  of  the  United 
Kingdom,  and  has  served  as  suggestions  for  much  of  the  hydraulic 
machinery  constructed  in  America. 

Mr.  Tweddell  received  the  Telford  medal  from  the  Institution 
of  Civil  Engineers  of  Great  Britain  for  his  paper  on  hydraulic 
tools  and  appliances,  and  the  Bessemer  premium  and  the  medal 
from  the  Society  of  Arts.  He  exhibited  in  Philadelphia  in  1876, 
in  Paris  in  1878,  and  his  last  honor  was  the  John  Scott  medal 
from  the  Franklin  Institute  of  Philadelphia.  He  became  a  mem- 
ber of  this  Society  at  the  Chicago  Convention  in  1893,  and  was 
connected  also  with  the  engineering  societies  of  his  own  country 
and  of  France.     He  died  September  3,  1895. 
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